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DEDICATION 
 
 
 
 
 

For you, the reader of this book … 
 

Inevitably, this book will change your life. Whether that 

change is small or large, you will in turn change some part of 

the world, which in turn will change some part of 
 

Heard Island 
 

Therefore, inevitably, you are an intrinsic part of this story: 
 

Two Centuries of Change, 
and more coming 

 
  



 

 

 
 

EPIGRAPH 

 

 

In the gathering gloom, I returned to our village, melancholic and 
pensive. I longed to stay with the seals, to talk with the old seal I 
named Elleo and the others, to learn more of the world at the end of 
the world. Looking across the water, and back at the hummocks, 
listening to the cries of the penguins and skuas, watching the 
splashing of the fur seals and petrels, feeling the chill air on my face 
and fingers, watching the dark shadows envelop the mountain and 
chase the volcanic plain into blackness ... I paused at the edge of the 
village to imprint the experience, looking back in the direction from 
which I had just come. I thought of Elleo, and the others, and that 
for them this was not the Edge of the World, but the Center of the 
World. I knew at that moment that I had just gotten what I really 
came here for ... 

– – Robert William Schmieder (Heard Island, 1997) 
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FOREWORD 
 

What is change? A dictionary definition might suggest, “an act or process 

through which something becomes different”, or to, “replace (something) with 

something else”. We all have seen “change” in many things in our lives – perhaps 

most typically in the landscapes around us. Usually, changes are the direct result of 

human activities such as new constructions and developments. But there are also 

changes in the natural world - away from the impacts of direct human activities, and 

those changes are a fundamental process in profoundly shaping all aspects of our 

planet. 

As humans, irrespective of where we are, our first encounter or experience of our 

surroundings or landscape becomes our internal reference point – the benchmark 

against which any future ‘change’ is assessed or measured on subsequent encounters. 

It may be years between these encounters, but we take note, consciously or 

unconsciously of the changes that have occurred in the landscape. 

In some cases, the encounters may be separated in spans far exceeding a person’s 

lifetime. From an ecological perspective, the reports of early 17th and 18th 

Centuries’ explorers and naturalists of their first encounters and visits to oceanic 

islands have become the foundation for modern studies. In contrast, the benchmark 

for contemporary geological studies might be millions of years in the past coinciding 

with the formation or emergence of the island above the ocean surface. 

When Bob and I started our long conversation on all things Heard Island almost 

10 years ago, we discussed at length how to reconcile ‘change’ from biological, 

geological and other disciplines’ perspectives and scales into a cohesive narrative that 

is this book. All changes are continuous processes that proceed at different, often 

overlapping rates. Bob’s task to capture these disparate processes could not be 

underestimated. 

From my own research into long-term seabird populations on Heard Island and 

elsewhere, I had been alerted to the needs of contemporary researchers to look back 

in time and draw on past research efforts with confidence to examine whether 

specific populations had changed. I suggested to Bob that he establish an arbitrary 

benchmark, independent of disciplines, that would serve future researchers with a 

reliable, accurate and detailed snapshot of Heard Island early in the 21st Century. As 

such, the book would serve future, rather than contemporary researchers. 

We cannot know how Heard Island will change during the next 50, 100 or 500 

years. We can make some general predictions on the current glacial retreats (likely to 

increase as the Earth system warms), speculate on the biological responses such as 

the vegetation colonizing previously glaciated areas, and crudely estimate the 

populations of the currently rapidly increasing populations of fur seals and king 

penguins. 

However, without any doubt, there will be responses and changes that we cannot 

predict – such is the nature of change in the natural world. It will be the role of future 

researchers to document the changes that we are unable to predict today. Those 

researchers will reach back in time to rely on the work of contemporary researchers, 

just as contemporary researchers are drawing on the information currently available 

from past efforts.  
  



 

 

 

Imagine approaching the Expeditioners that wintered on Heard Island from 1947 

to 1954 to predict the state of the island in the early 21st Century, just 50 years into 

the future – an impossible request. None of them could have predicted any of the 

changes that have occurred on the island since their time there. None could have 

imagined the changes that have occurred to the glaciers, the wildlife or the island’s 

landscape in toto. Heard Island today is as unrecognizable to them as “their” Heard 

Island is to us. Truly remarkable changes in the span of a single human’s life. 

Similarly, we cannot predict or describe the Heard Island of the future. Future 

researchers, be they 50 or 150 years in the future, will draw on this volume, this 

inventory of the state of Heard Island, as the reference point against which the many 

changes that we can expect will be assessed. 

We all can look back with thanks to those researchers who have recorded the 

details of multiple facets of Heard Island since the mid-19th Century. Perhaps greater 

thanks should be given to those who have photographed the landscape since the early 

years of the 20th Century - their efforts have facilitated our understanding and 

knowledge of Heard Island today, early in the 21st Century. 

Future generations of researchers will similarly draw on this remarkable volume 

to draw on the wealth of information it holds to facilitate their understanding and 

knowledge of Heard Island, and the multitude of changes to come.  

 

– – Eric J. Woehler, Hobart, Tasmania 

  



 

 

 

PREFACE 
 

HEARD ISLAND 

 

Heard Island is a large, glaciated, active, volcano lying in the Southern (Indian) Ocean, 

not quite a thousand miles from Antarctica. It is uninhabited, but supports an extensive 

biological community, and only one (possibly) human-introduced alien species. It is visited 

very infrequently, mostly by scientists, including two expeditions by the present author 

(1997, 2016). Like most subantarctic islands, its geophysical and biological components are 

extremely sensitive to the global climate; Heard Island is a bellwether for climate change, 

which plays an important role in this book.  

 

THE THEME: CHANGE 

 

The subject of this book is: Change. It is motivated by the inexorable changes occurring 

in the world, especially climate change, but also changes in politics, resource management, 

human and animal migration, biological evolution, disease, scientific research and 

understanding, and other factors. In this book, we will assume that change is phrased in 

human terms: sizes, time scales, etc., that humans can sense and understand. However, we 

must remember that sometimes the most significant human change is driven by the smallest 

of things (e.g., bacteria) and sometimes by the largest of things (continental drift, global 

weather). Almost any descriptor of a system or its components can be an indicator of change, 

e.g., size, composition, response to stress, interactions, and even the names we give to things.  

Change can be evolutionary, sudden or slow, unidirectional, periodic, catastrophic, 

intermittent, chaotic, or any of a large number of temporal functions, and combinations of 

functions. Change dynamics is therefore potentially complex, although mathematical models 

(e.g., differential equations) are generally able to describe any change, no matter how 

complex. This book is not about mathematical modeling of the island system; mostly it is 

about visual descriptions of components undergoing change. 

Any component may have multiple rates of change. For example, a population may 

seasonally change the number of individuals, location, fecundity, response to stress, etc. Like 

any environmental system, Heard Island has a broad spectrum of change rates. Generally, but 

not always, change rates correlate with size:  larger components generally change more slowly 

than smaller components. Thus, biological populations might change over years, glaciers, 

over decades, mountains over centuries, erosive structures over millennia, and continents 

over millionnia. But also, a volcano might change significantly in any time period, from days 

to millionnia, emphasizing that any component may have multiple rates of change. 

 

EXHIBITION 

 

This book is: An exhibition, meaning that it comprises a collection of individual exhibits, 

each hoping to catch the eye and interest of a passer-by (you, the reader). For the pedantic, 

Wikipedia describes an “exhibition” as “an organized presentation and display of a selection 

of items.” A world’s fair is an appropriate metaphor for this book. Most of the exhibits in this 

book are pictures or other graphics, and most of them are from the two centuries 1851-2051.  

This book is not: An encyclopedic reference, nor a review of the current status of Heard 

Island. It is not a linear story, nor a guide to the literature. The book is not comprehensive, 

but representative. It shows components of the system that have been observed to change, 

and some ideas of the rates of those changes. In addition, a some components that might be 

expected to change, but for which we cannot yet document change, are presented.  

  



 

 

In some cases, historical data is referenced solely to alert the reader of its existence. For 

example, we typically have satellite images from 2003, 2006, 2007, 2011, 2014, and 2016, 

but not from other years. Sketches, maps, and photographs are readily available from 1927, 

1929, 1949-52, 1980, 1987-88, 1992, 1997, 2001-2003, and 2016, but of course, maps are not 

a continuous record. Some data are orphans, i.e., from specific date(s) but with no links to 

other years. Thus, many of the historical pictures do not have precedents. 

This book is meant to be looked at rather than read (although I would appreciate you 

reading at least some of it!). 

 

PURPOSES AND GOALS 

 

The purpose of this book is: to provide something that would interest and assist a 

viewer in understanding and/or investigating the nature and consequences of change on and 

around Heard Island, and by implication other places in the world. Some of the goals of this 

book are: 
 Provide images of components of the Heard Island system at different times to 

exhibit the amount and nature of change; 
 Generate a feeling for the rate of change of the component; 
 Provide a historical context and possible extrapolation into the future of selected 

components of the Heard Island system. 
 Suggest a protocol for further study. 

 

AUDIENCE 

 

This book is aimed at: the following groups, as well as others: 

 
 Managers of the Heard Island reserve and similar sites. “Managing” means 

either executing a plan to control, or cope with, change that is beyond control. 
 Working scientists interested in particular aspects of Heard Island; 
 People interested in the natural and/or human history of Heard Island;  
 Students engaged in exploration of the Subantarctic; 
 Writers, travelers, lawmakers, and anyone else interested in the ongoing 

wellbeing of the world. 

 

The guiding principle of this book was: That it should strive to reach persons in the 

relatively distant future, e.g., 50 or 100 years after publication. This theme was suggested and 

emphasized by Eric Woehler. The reasoning is that not only will Heard Island still be of 

intense interest, but also because the island will have changed even more significantly over 

the coming century, so a reliable description of its state in 2021 will be crucial. Perhaps a 

revised edition in the year 2120 entitled Heard Island: Three Centuries of Change, and more 

coming, would be in order! 

 

CONTENT 

 

In order to exhibit change: We have tried to present images of the same subject taken at 

different times. However, in many cases, such coupled images are simply not available. One 

may then ask, “Why include any pictures of ‘once-only’ subjects?” One answer is that these 

pictures provide an easy reference with which to compare future pictures. One might think of 

this collection as providing both examples of change and points to which future images can 

be linked to form additional examples of change. Another way to think of this is that single 

points provide evidence that the subject was considered, but no significant “change” material 

was found.  

  



 

 

Heard Island specialists will find only moderate extensions of the known material. Some 

of the material will be very familiar to active researchers, and some will seem simply 

anecdotal. These were selected because they are interesting. Part of the motivation for 

selection of contents is to provide future interested parties with convenient access to some 

past imagery or results. Thus, if new imaging of plant areas around the island is obtained, this 

book might be able to provide a quick sanity check connection with past measurements. 

One important challenge in constructing a book about change is seen in the last two Parts: 

Part 11 DYNAMICS describes “change” in abstract and mathematical terms and gives many 

examples of activities that could be used in the future to observe and record change. Part 12 

MANAGING describes the forward-looking ideas of change, both what might happen in 

Nature and what might happen by management. These chapters suffer from a major intrinsic 

limitation, expressed in the following question: “How can we predict the future without 

understanding the processes?” For example, it is easy to predict that the glaciers will continue 

to recede, since that cause is simple: the rise in global temperature. But how can we predict 

the populations of nesting birds or the spread of an alien plant, when we don’t know the 

details of the causal forces? For this book, the problem is acute: To what extent should we 

describe the mechanisms and attempt to infer future changes? Discretion would have us 

abandon any causative speculation, but that would also forestall the primary motivation for 

the book, namely, to exhibit past change in order to anticipate future change. 

 

LIMITATIONS 

 

Placement of material was guided by: natural boundaries on Heard Island. In 

constructing the book, the following generic question was often encountered: Does the 

seashore belong to the land or the water? That is, are lagoon barriers “land,” or are they part 

of the “lagoon”? Another example: when a glacier melts and retreats, it might generate a 

meltwater lake. Should the two participants in this process (glacier and lake) be described in 

Part VI GLACIERS or Part VIII LAKES? Should rocks that have been thermally fractured 

into small pieces be included in Chapter 14 TILL or Chapter 15 SEDIMENT? In the end, it 

may not matter, since a simple flipping of the pages will discover the desired material, but in 

constructing the book, these ambiguities were often vexing and forced some arbitrariness. 

A major limitation is the neglect of considerable very recent satellite images and data. 

Much of the content is based on images from Google Earth, mainly because of their 

availability. Perhaps a second edition could make use of recent updates in remote imagery. 

The greatest limitation in constructing this book was: Fragmentary and heterogeneous 

information. Some of the specific material in this book will soon become obsolete, but the 

concepts and aspects of the exhibits will remain valid for a long time. But after all the 

purpose of the book is only to give various examples of the change: what kind, how much, 

etc. It was simply not possible to achieve absolute uniformity in the material. 

 

SOURCES 

 

Major sources of information: The Australian Antarctic Division (AAD), the 

Australian Antarctic Data Centre (AADC), the University of Tasmania, the Australian 

National Library (Canberra), scientific colleagues (especially Eric Woehler and Grahame 

Budd), online sources (e.g., Wikipedia, Google Earth), and journal articles,  reports, and 

books (especially Fourteen Men, by Arthur Scholes). Elsewhere we have provided a detailed 

list of credits and acknowledgements. Personal communications from Robert Schmieder (the 

author) are meant to show that significant content was supplied to that chapter by the author. 

Much of the information from the author’s two expeditions to Heard Island (1997, 2016) 

was provided to the AAD as Post-Expedition Reports, in fulfilment of the requirements for 

permission to visit Heard Island. The radio operations done during the Cordell Expeditions 

are not included in detail because they are well-documented elsewhere, although a few 

remarks are included herein. 



 

 

 

A kind of reverse limitation resulted when the amount of subject material was too great. 

For instance, the accounts of the development of the sealing industry ca. 1855-1880 provide 

far too many details, even far too many events, to capture in a reasonably short narrative. 

Unfortunately, the process of selection omits certain events that a specialist might consider 

essential, resulting in “missing pieces.”  

The material provided here is manifestly incomplete, hence it should be considered an aid 

to understanding and further study of Heard Island, but not a comprehensive review. Thus, 

some readers may resent the exclusion of their favorite subjects. For example, Long Beach, 

Winston Lagoon, and the Brown Glacier are not shown in detail. Likewise, there is 

practically no information in this book about the marine environment, by choice. 

 

FORMATTING 

 

Font: The main part of the text in this book is set in Times New Roman 11 pt. Direct 

quotes from historical sources and most tables, which provide relatively direct and 

meaningful links with the past, are set off in Calibri 9 pt.  

Figures: Most of the photographs and images have been digitally processed to optimize 

the appearance in the printed copy. In the electronic versions, most images have links to full-

size online originals.  

Connecting lines at the sides of pictures indicate that the pictures have “exactly” the same 

view. Differences between the pictures are usually their dates but might also be different 

processing. This convention is followed throughout the book. The following diagram shows 

typical variations of this pattern of this pattern that are used in many places in this book. 

 

 
 

For figures with multiple rows and columns, the term “reading order” is used to mean 

“row by row, left-to-right” as in normal (Western) text. This text is in “reading order”. 

Credits: Pictures and illustrations are listed in the list of Figure Credits pages in the back. 

Generally, pictures without credits are by the author (RWS). A few illustrations are of 

unknown sources, and this is indicated in the list of credits. 

Spelling: Because Heard Island is an Australian territory, I have usually adopted British 

spellings, but I retain American spellings in some cases: color, not coulour, center not centre. 

Perhaps the most controversial convention is that I retain the Oxford comma: animals include 

fish, birds, and mammals (which are three things), not fish, birds and mammals (which are 

two things).  

 

HOW TO USE THIS BOOK 

 

I do not expect you to read this book from beginning to end. Rather, it is likely that only 

some aspects will interest you, although it is hoped that the existence of the entire book might 

be a statement in and of itself. Look for small differences in pictures– the differences are 

significant, no matter the scale. Mark it up– future owners will find your thoughts interesting. 

Add your signature on the inside cover, so that future owner can marvel at what you said, 

what we knew and didn’t know, and what we did and didn’t do. 
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PART 1 TWO CENTURIES OF CHANGE 
 
 

 
Two centuries of change: people, rocks, water, ecosystem, and the future 
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If you want to be impressed with how many different meanings are given to the word “change” just look at 

The Free Dictionary (https://www.thefreedictionary.com/change), where you can find hundreds of meanings 

and uses of the word. The unifying idea is, of course, that something is different at one time than it was (or 

will be) at another. In this book, “change” will be applied entirely within the context of the physical object 

that we know as Heard Island, a large volcano supporting a variety of minor geologic structures, glaciers, 

lakes, and creatures large and small. It is well-understood that much, but not all, of the change on such an 

island is driven by, or at least associated with, change in the world’s climate, so the vocabulary of our 

discussion in this book will be that of the geological, environmental, and biological sciences and what they 

have to say about the effects of climate. 

Regarding Heard Island, we have an extensive record of human occupation and activity from the 1850s to 

the present, not quite 200 years. The consequences of human intervention over nearly two centuries has 

followed a pattern that is seen commonly around the world: discovery, occupation, exploitation, investigation, 

protection. For Heard Island, the last of these actions is not yet fully complete: in the last chapter of this book 

we will make the point that the last human action in this cycle is isolation, the separation of human activities 

from the system in order to stop the processes of human-driven change. The full cycle is, therefore, 

 

Discovery→Exploitation→Investigation→Protection→Isolation 
 

The first four steps of this sequence took place in the century 1850-1950.  Protection is underway (but not 

complete) right now; it might take most of the century 1950-2050. Most of the activity at present is to 

document and understand changes on Heard Island and put in place institutional controls for its protection.  

We think that eventually Heard Island will be controlled by international agreement, and that will mean a 

dramatical change of the story of Heard Island. Will it become a popular tourist destination? Or be reserved 

for scientific research? Or perhaps it will be isolated, off limits to everyone except for infrequent sanctioned 

visits or remote automatic instruments and devices. At the end of this book we will argue that in a century or 

two, the last of these alternatives will come to pass, and Heard Island will move back to conditions it might 

have had if humans had never found it. In a million years or so, the island will be shrinking as the wind and 

water eat away at its edges, finally cutting it off below the surf line, a lost island gone and, for the most part, 

forgotten by the future residents of Planet Earth. 

 
This VOLUME is an overview of Heard Island (PART 1) and how it looked in the past (PART 2). 

 

PART 1 ISLAND 
Chapter 1. Description 

Chapter 2. Images 

Chapter 3. Maps 

PART 2 HISTORY 
Chapter 4. Events 

Chapter 5. Facilities 

Chapter 6. Debris 
 

 
 
 
 
 
 
 

Facing picture: Robert Schmieder 2021  
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SECTION 1 ISLAND  
 

Chapter 1 Description 
 

The romance of Heard Island 
 

Heard Island could well have been conceived by Jules Verne. It’s so remote that only a few thousand 

people have actually seen it, and 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 on Earth, across the Roaring Forties and into 

the Furious Fifties. Seas up to 50-ft. high may be part of the experience; it’s not for the faint-hearted. Your 

best bet is to reserve two months for the journey. If you can, you should take a helicopter; landing on Heard 

Island through the surf is challenging. Take a camera, and backup plans.  

The island is 36 km tip-to-tip, about twice the size of Liechtenstein, with a titanic live volcano 2745 m 

high, smack in the middle, smothered in glaciers that slip down its flanks at the dizzying pace of 0.00002 

miles per hour. If you drop your watch in a crevasse near the top, the glacier might drop it in the ocean a 

hundred years later. The weather is even worse than you can imagine. It’s a mixture of Seattle, Chicago, 

London, and the South Pole. On an average day in the middle of summer, the sun shines perhaps two hours 

per day. It’s so windy the flies don’t have wings. With conditions as they are on Heard Island, it’s a wonder 

anything lives there. But live there they do. You’ll find one of the world’s largest colonies of King Penguins, 

and heaps and piles of Elephant seals and Antarctic Fur seals. And a beautiful bird called (what else?) the 

Heard Island Cormorant.  

For certain groups of people, Heard Island is the most attractive destination in the world, partially because 

… almost always …  there is nobody there! 

 

 
FIG. 1.1 Heard Island seen from the ocean 
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In a newly familiar irony, the features that make Heard Island so unattractive for informal tourists make it 

irresistible to scientists, explorers, and serious global travelers. For more than a century, Heard Island has had 

a magnetic attraction for explorers, researchers, tourists, and writers. The mountain, aptly called Big Ben, has 

been summited only three times, and never traversed. Smoke and vapors can be seen 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. If that weren’t enough to make it attractive, there are rare 

opportunities to witness the Alpha Centaurid meteor shower and the Aurora Australis. Unfortunately, recently 

Heard Island has seen an increased accumulation of plastic and other debris on the island, although not as 

much as in the lower latitudes.  

About 300 species of plants and animals are known to live on Heard Island, and it’s virtually certain that 

there are many more, probably many of them in the organic outfall from tens of thousands of penguins, 

seabirds, and seals. The “little creatures” are a critical part of the composition of the ecosystem, its 

biodiversity. At present, we believe there is a major gap in the inventory of organisms in the 0.1-10 mm size 

range, a gap that could hold another hundred species. The lure of the unknown biodiversity provides one 

motivation for going there: to find out what lives there, how they live, and why they live there at all.  

But the opportunity and the challenge are far more than mere inventorying. The change in the Earth’s 

climate impacts every place on the globe, including the extremely remote islands near Antarctica. In fact, the 

subantarctic islands are far more sensitive to climate change than lands in more temperate areas. The 

surprising irony is that it may well be possible to turn this around and use a subantarctic island as an early 

indicator of climate change. It’s almost as if the island itself acts as a huge instrument that amplifies and 

records the minute changes in global climate. To the extent this is true, Heard Island especially is more than 

an informal destination for tourists and program managers– it pulls us in, offering the gift of world-watching 

that may well be unique. It’s the change that is important on Heard Island. After two centuries of watching 

changes occur on Heard Island, many people now suggest that the imperative is now to monitor and 

understand the changes, to help ensure the future of the planet.  

This book is about Change on and of Heard Island.  

 

 
FIG. 1.2 Heard Island as seen by a satellite 
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FIG. 1.3 Location of Heard Island in the Southern Ocean 

 

 
FIG. 1.4 Heard Island is located some 40 km southeast of the Kerguelen Islands. 
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Emergence of the Island 
 

Fox, et al., have presented a comprehensive description of the creation and geologic evolution of Heard 

Island. FIG. 1.5 shows their diagrams for five years (3.62, 1.00, 0.42, 0.06, and 0.00 million years ago). 

Among other features, the diagrams illustrate the collapse of the sharp peak only 60 thousand years bp. 

 

 
 

 

 
FIG. 1.5  [caption from Fox., et al.] Cartoon of recent volcanic evolution of Heard Island. Not to scale. [a] 

Submarine transport and deposition of Drygalski Formation basaltic clasts and propagation of basaltic lavas 
from south to north. Precise source location unknown. [b] Construction of Big Ben and Mt Olsen commenced 
above sea level. Relative timing of initiation of each volcanic centre is poorly constrained. [c] Construction of 

Mt Dixon after displacement of the Drygalski Formation and Laurens Peninsula Limestones on Olsen Fault.  

 

file:///L:/PICs_Chapter_1_Description/FIG. 1.5 (cont) Fox drawing Right.jpg
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FIG. 1.5 (con’t) [d] Sector collapse of the southern flank of Big Ben; transport of debris to the southwest. The 
timing of the eruption of the coastal basaltic cones relative to the sector collapse and the development of 
Mawson Peak is not well constrained. [e] Modern-day construction of Mawson Peak and construction and then 
erosion of vol canic cones. Basanite lavas erupt intermittently from Mawson Peak and propagate down the 
southern slope of Big Ben within the sector collapse scar. 
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Encountering Heard Island 
 

Over the past two centuries, various visitors to Heard Island have captured their impressions on paper. One 

early observer was Lanman, who in 1881 wrote this: 

 
It is in reality an ice island, with only enough solid land visible at different points to 

prove that it is not an iceberg. It rises, to the height of at least 5000 feet, a broad-breasted 
mountain, which is known to be perpetually covered with ice and snow, and its sides and 
ramparts are so cold and desolate that no living creature has ever been seen to harbor 
there, excepting the albatross.  

– – Charles Lanman, 1881. Recollections of Curious Characters and Pleasant Places 

 
In 1947 the Australian National Antarctic Research Expedition (ANARE) arrived with a team of 14 men, 

who set up a small village and spent the entire coming year making observations of the weather, wildlife, and 

the mountain. Among other activities, they surveyed most of the island and produced the first accurate map, 

completed a geological and glaciological survey, and recorded cosmic rays for 10 months.  In 1952, Arthur 

Scholes, one of the fourteen men in the first team (a radio operator), published a book about the 1947-48 year 

on the island entitled Fourteen Men, in which he said: 

 
As the ship approached the island, the bleak and dismal coastline became apparent. It 

accorded with my preconceived ideas. The land looked as though it would have knocked the 
heart out of any adventurer. Dangerous reefs and treacherous shoals surrounded this island. 
Watchers who ventured on deck counted numerous glaciers through the breaks in the snow 
and mist. Some of the glaciers ran into the sea, forming fantastic shapes and patterns. There 
were tall pinnacles, like cathedral spires, and white grottoes, like pictures from a children’s 
book of fairyland. The slopes above the glaciers ran for thousands of feet into the clouds. … 

Atlas Cove stretched out almost in a complete circle. The beach was stony and littered 
with hundreds of old dried bones, beaks, and animal skeletons. Here lay the bleached 
skeleton of a whale. Not a tree or shrub could be seen in the dismal landscape. Only the 
lower slopes and pressure ice ridges were visible through the hanging clouds and mist. The 
elephant seals lay in heaps of four and five. They belched and threw up their heads when we 
approached. Opening wide their cavernous mouths, they made a disgusting noise, half-belch 
and half-growl, as if clearing their throats. 'Reeerrrrk, ir ... ir ... arrrrk! After this effort, they 
relapsed into timeless slumber. … 

The petrels were revolting when they vomited, lightening their load to get airborne. The 
birds pounced on these tasty morsels and wolfed them down. The island teemed with a grim 
prehistoric life, in which there was no room for the halt or maimed. … 

On the whole, the island was a depressing place. There was little beauty in the gaunt 
grey rocks, the barren flat and grim precipitous coastline. But despite that, there was 
something of almost indefinable loveliness about it. In the morning sunrise, the great 
mountain was a heap of sparkling diamonds, reflecting flashing tints. When the sky behind 
the dome was the pale clear blue of the Antarctic, the mountain was awesome. When a full 
moon glinted ‘round the ice slopes the dome shone like silver. At sunset, when the shadows 
flitted in long lines across the glaciers, the mountain top was a dome of gold.  

– – Arthur Scholes, Fourteen Men 
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In 1957 Phillip Law and John Béchervaise included these comments in their book: 

 
So frequently is the island obscured by clouds that the first view of it from an 

approaching ship is of forbidding glacier cliffs or abrupt headlands looming out of the mist. 
On occasions, however, the icy summit of the island is visible, rising above low clouds, from 
immense distances. Big Ben's nine-thousand-foot dome seems then to float in the sky above 
the horizon murk, making one of the most dramatic sights of the stormy Southern Ocean. 

– – Phillip Law and John Béchervaise ANARE, Australia’s Antarctic Outpost Oxford 
University Press, 1957. 

 
In 1983, Kirsti Smith and her husband Jim arrived for an amateur radio event. Later, Kirsti memorialized 

the stay in her book, which included the following: 

 
The sea, grey and restless, breaks against ice-covered cliffs where waterfalls rush 

impatiently into the breakers. It was silent apart from the sound of the sea; even the bird 
and animal noises from below did not carry up here. … A lonely and forlorn wasteland, but 
on a day like this incredibly beautiful.  

– – Kirsti Smith, 1983. Heard Island Odyssey. p. 72 

 
In a 2011 article in Aurora, Tim Bowden quoted Phillip Law: 

 
Heard Island is a very threatening place, the sheer malevolence of Heard Island hits you 

when you go … it is essentially black and white, stark, because the black volcanic rock cliffs 
rise out of this grey seething sea and the wind is blowing and the birds are just floating 
around in the gale and screaming. The tops of these black cliffs are coated with a thick, fifty-
foot or so layer of white glacier ice and this disappears up into the swirling mists that are 
engulfing this great mountain. When the mists clear you have a nine-thousand-foot 
mountain rising straight out of the sea. Now, not many places do you get a straight lift of 
nine thousand feet for a mountain from a place where you’re standing but to have it coming 
out of the sea with black cliff and then the white glaciers streaking up and the buttresses of 
the summit and the steep rock cliffs and the ice falls of the glaciers– it really is a most 
impressive place. And on the few good days, when the wind drops and the clouds clear and 
you sail around this thing, it is absolutely magnificent. I’ve brought men who have wintered 
in Antarctica into Atlas Cove, and they lean over the rail and say, Jesus what a place! 

– – Tim Bowden “Heard Island– The Climbing of Big Ben” Aurora 

 

Views 

 
The next four photographs give a general impression of Heard Island as seen from the ground.  

FIG. 1.6 is the most commonly seen view both in person and in photographs. The camera is looking 

southeast. It shows the view of Big Ben from Atlas Cove, specifically from the approximate position of 

campsites dating from 1929 to the present. The high glaciers cap the rounded top of the mountain, while the 

jumbled blue-green ice at its apron displays the effects of age. The wispy altostratus cloud at mid-elevation 

(about 1300 m) moves from right to left in the photograph, i.e., from west to east. The cloud is a persistent 

feature of the view of the mountain. Just to the right of the crest of the mountain, the highest point (Mawson 

Peak) is just visible.  

FIG. 1.7 is a view of Big Ben looking toward the northwest. In the high parts can be seen numerous very 

large dikes, while in the center lower parts a large glacier (AU1141) is corralled by its own moraines, left by 

the retreat of this large glacier.  
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FIG. 1.6 Heard Island is dominated by the volcano Big Ben that reaches to 2745 m. 2016. 

 

 
FIG. 1.7 A view of Big Ben from the southeast, looking northwest. The mountain is so huge it has significant 

effects on the local weather, including the cloud formations 2016. 
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FIG. 1.8 An unusually clear view of Mawson Peak with a 40 m diameter crater that periodically smokes and 

sometimes belches out molten lava. Picture taken 30 Mar 2016. 

 
FIG. 1.8 is a view of Mawson Peak taken from a different camera location than FIG. 1.5. The tip is flat 

because it is the lip of the active crater. There is a slight suggestion that the bulk of Mawson Peak is 

surmounted by a much smaller cone that grew in the last 30 years. The crater seen in this picture is about 40 

m in diameter. 

FIG. 1.9 is a typical view of tidewater glaciers on Heard Island. Until the last 50 years, most of the 

glaciers reached the ocean, where they calved in nearly vertical faces. By 2000, most of the glaciers had 

retreated significantly, some melting to form lagoons.  

 

 
FIG. 1.9 Features seen prominently on the ground: High cliffs, glaciers (some still tidal, but most retreating 

away from the shore), and numerous gravel beaches. Looking east from Corinthian Bay 2016. 
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Statistics 

 
Heard Island lies at 53°S, 73°E, nearly about 1650 km north of Antarctica, about 4100 km 

southwest from Perth, Australia, and 4200 km from South Africa. Its total area is not quite 
368 km

2
. It is built around a titanic strato-volcano (Big Ben 2645 m) and ancillary subsidiary 

eruption centers. A second major volcanic cone on the island forms Mt Dixon (700 m) in the 
center of the Laurens Peninsula on the Island's western extremity.  

The main island is approximately 36 km long from east to west and extends 20 km at its 
widest point. It is host to about a dozen fast-moving (retreating) glaciers, large populations 
of seals, penguins, and seabirds (seasonally), and extensive areas of mosses and grasses. 
While about 200 species of plants and animals are known from the island, estimates indicate 
that several hundred more species, mostly in the size range 0.1-10 mm, remain to be 
discovered. These missing species are a major part of the island's biodiversity, and they are 
potentially critical to our understanding of the extreme ecosystem. Visits to the easier to 
access and larger Heard Island for scientific research have been much more frequent.  

– – Wikipedia 

 
Volcanic activity has occurred every few years on Heard Island since the mid-1980s, and activity on 

McDonald Islands, approximately 43 km to the west, occurred during the 1990s The activity on the 

McDonald Islands group resulted in the island doubling in size and increasing in mean elevation by about 100 

m.  

 

Plants 

 

   
FIG. 1.10 Some of the plants: (Left) Kerguelen cabbage Pringlea antiscorbutica. (Middle) Cushion plant 

Azorella selago. (Right) Unidentified lichens. 

 

Little creatures 

 
FIG. 1.11 Six of the little creatures. (From left) Tardigrade Hypsibius heardensis; Wingless fly Anatalanta 

aptera; Spider Myro kerguelensis; Limpet Trophon albolabratus; Gastropod Nacella kerguelenensis; Seastar 
Anasterias mawsoni. All specimens were collected in 2016 by Cordell Expeditions. 
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Big creatures 

 

 

 
FIG. 1.12 Three of the big creatures. (Top) Heard Island Cormorant Phalacrocorax nivalis. (Middle) King 

Penguins Aptenodytes patagonicus. (Bottom) Southern Elephant Seal Mirounga leonina. All 2016. 
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The Heard Island experience 
 

Keeping written diaries has been common among visitors to Heard Island. The following contains extracts 

from the 2016 diary of Jim Colletto. While specific to his experience, it does capture the common feeling of 

being on Heard Island, especially with a task such as exploration/documentation. 

 
Day 1 After 12+ days navigating the Southern Ocean, Heard Island is finally spotted at about 3 pm 

(local time). As if to symbolize, the Island is wrapped in grey clouds, it is biting cold and the wind is 
howling. As we get closer, we begin to notice its hard features, obviously chiseled by harsh winds. As 
we approach the Island, the winds continue to climb and shift to southerly (over Antarctica) bringing 
the temperature down to freezing and so it starts to snow. We anchor in a deep cove, off the Island, 
and spend our first night within earshot of our campsite on a boat covered in a light dusting of snow. 
So close, yet so far ...  

 

Day 2 We spend the night in the tent – sans heater. I climb into my sleeping bag wearing long johns, 
sweatshirt, ski hat, neck gator and my down jacket, shivering my way to sleep. Coldest I’ve ever been 
period. Chilled to the bone! 

 

Day 6 During the first 3 am shift, the wind gusts to an estimated 40mph and ruthlessly rattles our 
tents. It is cold in the tent, even with the heater operating sporadically and I start to wonder (if only 
for a moment) exactly what am I doing here?’ Graveyard shift! 

 

Day 7 Antarctica finally opens up with a roar, driving 60-70 mph winds across the island. Ever walk in 
60-70mph winds? You have to lean way forward, take small steps, and time your steps with the 
gusts. Step too fast, you stumble and fall down, step too slow and you get pushed aside. These high 
winds continue into the night, shaking the tents with great force. Not a wink of sleep! Walk this way 

 

Day 8 The clouds clear at sunset and we have a beautiful view of Big Ben (the 9,000’ volcano) and 
nighttime stars. This is the first time I’ve slept six hours straight since we left Cape Town. At last 
sweet dreams! 

 

Day 9 Antarctica is a place of extremes, as today (sans wind), we awake to a mix of torrential rain and 
freezing rain. Because of all the rain, everyone clusters in the tent for warmth. Getting wet = death 
in Antarctica, because there’s no warmth, so it is difficult for things to dry and you start to wear stuff 
wet and that’s problematic. We asked for this! 

 

Day 12 Just about the time the radio team starts to get into a routine, a huge aurora hits above 
Antarctica, crushing radio propagation and it takes almost 72 hours to recover. The day after the 
aurora, we have an opportunity to see the lingering aurora effects above Big Ben (the volcano) at 
night. It is quite a sight! Storms continue to roll in pounding the tent with high winds, rain and the 
kitchen sink. Admittedly, some nights, I’m in complete astonishment, wondering how the tent stays 
up. … When we do have sunlight, all the holes in the roof, created by high winds and flying debris, 
are starting to look like Swiss Cheese. With these holes, we are now one with the environment, if it’s 
wet, we are wet, if it’s windy, we feel the breeze which is not good. The routine! 

 

Day 18 Up Mount Drygalski the winds pipe up to 40mph and the freezing rain continues to bombard us. 
We climb up and over another flank of Mount Drygalski to arrive at the edge of Schmidt Glacier 
where we stop and explore. While at Schmidt Glacier, we collect water, soil, and rock samples 
alongside the glacier. Here the glacier has separated from the earth and it affords us an opportunity 
to climb between glacier and earth and collect more rock, soil, and water samples. With the glacial 
retreat in this area, we are hoping this virgin environment/soil will provide us a great opportunity to 
discover new (micro) life forms. Exploration science … 

 

Day 20 We awake to approximately 2” of snow on the ground, with some hostile clouds, signaling more 
bad weather to come. The weather alternates from freezing rain, hail, and snow throughout the 
morning, while the wind continues to blow that all too familiar 30-40 mph. … Everyone is safely 
loaded onto Braveheart by 5:00 and we take our last look at Heard Island and Big Ben as dusk arrives 
and (fittingly) it starts to snow. Heard bids us goodbye! 
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Gavin Marshall was on the same 2016 expedition, and recorded his own daily log: 
 
Waste 
26 March 2016 
 

We crossed the Schmidt glacier stream right at shoreline where it spread out into many 
small flows and continued south to Erratic Point. … At this point I felt physically sick! I was 
surprised how badly this affected me but here we saw the impact on Heard Island from those 
many thousands of kilometres away. The gully was awash with waste. In a 30m stretch we 
counted: 55 plastic drink bottles 600mm – 1.5l, 7 cleaning product plastic bottles, 1 very large 
plastic float (1m circumference approx.), 1 large marine float with antenna, 2 polystyrene 
floats, 1 gas cylinder. 

 
We slipped out way down the northern side of our ridge, crossed a freshwater stream, and 

made over a km distance to the penguins. That was an experience--the smell was 
overpowering! 

 

Sandstorm 
27 March 2016 
 

We struggled back to camp. The sand was direct into our faces and the sand particles were 
like needles. For me a combination of hat pulled down and buff pulled up to create a small 
viewing slit was the way to reduce the hurt and make it back to camp.  

 

Lagoon water 
30 March 2016 
 

At one turn we come across a small lagoon … the water is crystal clear and there’s a very 
green algae on the bottom of the pool of water. At the second lagoon, we disturb the water 
and sand at the water edge, and we can see it whirlpool and disappear into the lava flow 
below. It appears that the silt has congealed and allowed the water to pool, but once we 
disturb it, it’s flowing through the porous lava rock below.  

 

But probably the most interesting—and valuable—diary is that of John Bechervaise (1953). From the 

originals in the National Library of Australia, Bernadette Hince assembled a volume of the best entries 

(2011).  

 
impressions 
21 Feb 1953  
 

I shall not forget my first footing on Heard lsland. A beach of black volcanic sand, the huge  
 dismembered carcass of an elephant seal (killed that morning for the dogs), dozens of 
energetic black skuas flapping the air and wheeling round the flaccid red remains. The tractor 
drew us into the camp, a bewildering assortment of huts set between three great radio masts 
in the corded lava field and the black sand. The first sound of Heard lsland was the moan of 
wind in wire and the howling of dogs. It seemed terribly complicated: a grey settlement below 
low clouds; occasional large tussocks of coarse grass and moss as bleak as any Hebridean 
outpost in mid-winter. I kept thinking in the back of my mind, how will this look in summer? But 
it was summer.  [p. 38]. 

 

Wind  
2 March 1953  
 

So ends our fourth day alone. Sitting here warm and comfortably, it is hard to imagine we 
are so far out in the Southern Ocean. Beyond these walls, only a mile away, is the eternal grey 
ice; a few hundred yards away are seals and penguins. Only the howling wind gives it all away. 
We never hear this lonely, powerful wind in the civilized parts of the world. It races up laden 
with the breath of the Antarctic Continent, dry and cold and merciless. [p. 47]. 

 

Kelp  
15 April 1953  
 

We began to delight in the rounded shore boulders and the sloping Azorella, the silver 
misted sea and the kelp, laid flat in wavering patterns at low tide. The kelp is fascinating and 
terrible. Rooted just below high-tide level to the harsh, black rocks it streams out 15 or 20 feet 
in thick brown branches. It appears alive and malignant sometimes, as though desperately 
straining to be free. And free it often is in long dead strands, growing yellow and stinking in 
decay where it has been cast by the storms. It is gross and slimy to walk over. But at a distance, 
against the light on the water, it is Medusan hair on the half-submerged heads of giantesses. [p. 
63]. 

 

Cold  
29 June 1953  
 

Possibly this has been the coldest day I have ever experienced, not on account of low 
temperature, but the fierce, malicious wind. Hard ice clung tenaciously in dry patches to floors. 
Soap froze to dishes. Toothbrushes were stiff. The air was filled with fine gleaming crystals 
penetrating from undiscoverable crevices. Mats and towels stiffened like boards. Even with the 
Kerotherm burning, every pipe in the bathroom except the hot-water outlet froze solid. [p. 
101]. 
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The Heard Island Obsession 
 

Among those who have been to Heard Island, there is common agreement that one gets the “HI 

Obsession,” a permanent obsession with “all things Heard Island,” and an unrequited longing to return. Most 

such people say they would do “anything” to be able to get back. Grahame Budd has been there eight times. 

Here are a few expressions of the emotional attachment the island generates in the people who have been 

there: 

 
1947 Elemental solitude … 

In the last days on the Island, the twice-weekly cinema shows became almost deserted 
except for a couple of stalwarts, Gibbney and Atkinson, who continued to patronize the old 
faithful. It was a little frightening to look too far forward-to life after the next few weeks. We 
should be returning to an environment that was false and unnatural. I knew I should long to 
be back; to stroll contentedly-free of commonplace troubles-and watch the implacable surf 
explode into a myriad of spray. It was at these moments of reflection I could appreciate the 
elemental solitude that the sealers had experienced a hundred years before me. I sometimes 
wished I could stay on the Island forever … One thing is certain: life could never be dull 

– – Peter Lancaster Brown, Twelve Came Back, p. 207 

 
1963 Another try … 

Despite the bleak aspect of this lonely speck in the Southern Ocean, its violent weather, 
and dangerous terrain, we would all like to go back for another try. Somehow, we always do. 

– – Nils Lied, Appendix, In: Grahame Budd, 1964 ANARE Report 

 
1963 Our only chance … 

Deterred by a tiresome tunnel 
And the sandy rattle of drift 
We lie here and stare at the red-striped poles, 
While outside - who knows? - the summit stands clear 
And our only chance silently passes. 
– – Grahame Budd, In: Philip Temple, The Sea and the Snow, 1947 edition, p. 124 

 
1965 Budd’s mountain … 

Though fearing its power, Warwick was fascinated by Heard's challenge to existence; 
John found the place exciting, as might be expected on his first expedition, and Colin was 
non-committal. To Grahame, it was a 'special island'. If anyone had a right to call Heard his 
own, he had. After four visits and meticulous study, he knew probably more about Heard 
than anyone alive. He had been on one of the only two circuits of the island, knew all its 
nooks and crannies, its animals, and now had climbed its mountain. He seemed to hold it in 
the palm of his hand, the cup of his mind and though I could never see the “specialness” of 
Heard through his eyes I was not eager to break his image. For we all have some place that is 
special and dear to us.  

– – Philip Temple, The Sea and the Snow, 1947 edition, p. 138 

 
1965 The children of Heard … 

We had climbed the mountain and come down safely, but I felt this was very 
insignificant on looking round the gully and along the shore we named Capsize Bay. The surf 
beat as it did the day we landed, and as it had done every day before and since. The prions 
mired in the Azorella, the skuas stalked them, the penguins paraded and squabbled. The 
seals molted and slept, irritated not awed by our presence. Though we laid claim to the land 
and the mountain we were a rare, migrating species with a delicate grip on existence. They 
were the true children of Heard. 

– – Philip Temple, The Sea and the Snow, pp. 142-143 
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1983 Incredibly beautiful 

The view from up here was magnificent, stark and beautiful. Ice-capped mountain peaks 
contrast sharply with the black volcanic soil, and here and there Azorella clad hillsides add a 
touch of moss green. The sea, grey and restless, breaks against ice-covered cliffs, where 
waterfalls rush impatiently into the breakers. It was silent apart from the sound of the sea, 
even the bird and animal noises from below did not carry up here. … so far removed from 
the hustle and bustle of the rest of the world. A lonely and forlorn wasteland, but on a day 
like this incredibly beautiful. 

– – Kirsti Jenkins-Smith, Heard Island Odyssey, 1985, p. 72 

 

Two women were on the 1983 expedition: Pauline English and Meg Thorton. Subsequently, Thorton wrote 

a short book about the expedition (Heard Island Expedition 1983)], and English, who summited with the 

team, made the sketch shown below. This sketch was included in a previous book by the author (Schmieder, 

1997) but with most of the labels removed for clarity. Here, all the labels are retained.  

 

 
FIG. 1.13 3D sketch map of Heard Island looking southwest. The vertical scale is expanded about 2x.  

 

2002 Silently regret … 
Prone, starshine raining ‘round my face, 
I must stay awake to experience this dazzle, 
This splay of cosmic lace, backlit perforations, 
Glistening, radiating, turning imperceptibly, 
I float in the darkness, bathed in radiance,  
And silently regret all I must have missed. 
– – Robert Schmieder, 2002 
 

2017 Heard Island is a real place … 
 Heard Island is now a real place, with a history. It has entered my psycho-geography as 

a font of stillness, an ice flower of novel beauty, impervious, but bending to the howl of wind 
and the crack of ice. I am content to hold my reading glass up to this landscape. I am 
ambivalent about stepping ashore. I see it passing as I journey, joyful at its frigid isolation, 
excited, and fearful of its changing form, knowing its value in connecting the oceans of the 
world ...  

– – Erica Nathan, “Heard Island is a Place.” Nature Writing Prize, 2017 
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But of all the writings about Heard Island, the one that most eloquently captures the origins of the Heard 

Island Obsession, is the prize-winning essay by Erica Nathan. She speaks not with technical words, but with 

metaphors required to do justice to the place. Read these excerpts, and embrace their enchantment: 

 
Heard is an island pulled to the heavens by a 

volcano huffing and steaming and on occasions 
disgorging, galvanising glaciers that grind towards the 
sea. Scientists know it, also mountaineers, ham radio 
enthusiasts, and in centuries past, whalers in pursuit 
of elephant seal blubber. It is an island that people 
frequent in time bites, most often by the season, and 
not habitually. From these brief encounters, an island 
identity is forged.  

… 
For the last fifty-odd years, Heard Island has been 

Australian territory. Attaching nationality to an 
essentially uninhabitable, geographical outlier entails 
a dedicated strategic mindset, and perhaps because 
of this, the polar south is marginal to our identity. For 
many, Heard Island would qualify as an offshore camp 
for asylum seekers, a distant station on the outskirts 
of our collective cultural map. Being distant though, it 
is a frontier, and although not the bush, or the 
outback, the island does draw us into that tradition of 
seeing the encounter with inhospitable landscapes as 
formative for us as a nation.  

… 
On Xmas Day 1949 a young meteorologist 

launches a bottle, with a message, to the sea beyond 
Atlas Cove, the most navigable entrance to Heard 
Island. Five years and eight months later it is found 
beached on the west coast of  

Tasmania, on the day and year of my birth.  
… 
It is not that Arthur [Scholes/Fourteen Men] and 

Peter [Lancaster Brown/Twelve Came Back] are 
immune to the beauty of Heard. They both step out 
of the hut to experience its strangeness. But they are, 
grudging, depositing emotion in emergency caches 
under the snow. Arthur’s summation … is:  

 
On the whole, the island was a depressing 

place. There was little beauty in the gaunt grey 
rocks, the barren flat and grim precipitous 
coastline. In the days to come the island’s air of 
sullen harshness was to become all too familiar. 
But, despite all that, there was something of 
almost indefinable loveliness about it.  

 
There is room for a little reverence. Arthur, 

mindful to preserve his modernity, postulates that 
prehistoric men, had they lived on Heard, would have 

bowed their heads in worship to the mountain. It 
made you feel like that, he concludes.  

… 
John Bechervaise was officer in charge of the 

1953 expedition to Heard. … His day journals do 
encompass landscape description, observation and 
wonderment. Like them, he finds a freedom of spirit 
on Heard, away from the arrogant and stagnant 
backwater of a city. … John’s words paint pictures of 
the landscape, strange, unfriendly and yet vividly 
beautiful. It is a picture you look at through a 
viewfinder. It is encased, frozen solid, as a theatre 
space for boys and men.  

… 
The very highest value these men afford Heard is 

of disconnection with the world they know.  
… 
For all the words written about rough landings, 

climatic brutality, avian squawking, it is the years of 
voice-less quiet in this place, muffled by ice floes, 
that, with advanced tuning, can be heard the world 
around.  

… 
A birth often follows a death. For me, Heard 

Island is now a real place, with a history. It has 
entered my psycho-geography as a font of stillness, 
an ice flower of novel beauty, impervious, but 
bending to the howl of wind and the crack of ice. I am 
content to hold my reading glass up to this landscape. 
I am ambivalent about stepping ashore. Like Fidelia, I 
see it passing as I journey, joyful at its frigid isolation, 
excited, and fearful of its changing form, knowing its 
value in connecting the oceans of the world.  

 
The human history of Heard engenders a 

territoriality that prevails over its otherness as a 
distant crucible of life we cannot quite grasp. Of the 
many photographs snapped by expeditioners, there is 
one particular image I cherish. It is, fittingly, in black 
and white, a match for the island’s dark cliffs heavy 
with glacier ice. Softly toned, we see a pair of black-
browed albatross, heads angled into their own space. 
They sit with majesty, astride their nest of moss, 
sculpted into a shallow bowl atop a precipitous cliff, 
overhanging the ocean breakers far below.  

 
Heard Island, I hear you. 
 

 

– – Erica Nathan, “Heard Island is a Place.” Nature Writing Prize 2017, The Nature Conservancy 
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The extremes 
 

It has become common knowledge that we still don’t know about all the plants and animals that live on the 

Earth; out of an estimated 10 million species, we know about only a quarter of them. Worse, the biosphere is 

so complicated that we don’t have any accurate models for what happens when the global climate changes, or 

how an invasive alien species can disrupt an otherwise stable ecosystem, or what we should do to protect key 

organisms such as 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. 

One fact has become abundantly clear in recent decades: life exists in the worst of places: in the dark 

abyssal depths, in boiling hot springs, in toxic chemical vents, in the absence of carbon-based nutrients and 

photosynthesis, in acids, in rocks, in a vacuum, and maybe in the 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 seafloor, 

volcanos, glaciers, the Arctic and Antarctic, on islands, and in laboratories. 

An encounter with Heard Island is an almost inevitable step in this quest. The island is located deep in the 

Southern Ocean, more than 4000 km from the nearest continent and far from most other islands. It is 40 km 

across, with a 2.6 km high active volcano in the middle, covered with glaciers. 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 treeless plains. It is a land of extremes: extremely isolated, extremely windy, extremely hot 

and extremely cold, extremely dry and extremely wet. It is a good place to look for organisms capable of 

living in such extreme conditions: Life in the Extremes. One group of organisms thrives there: tardigrades. 

These tiny creatures can withstand desiccation, heat, cold, toxic chemicals, and almost any other depredation. 

Heard Island is just fine by them. But of course, the quest is about more than tardigrades.  

Numerous expeditions to Heard Island have as a tacit goal the documentation of the ability (or inability) of 

organisms to live in extreme conditions. Scientists go there to collect samples of the soil, of the putrid 

downwash from penguin colonies and elephant seal excreta, the carcasses and skeletons of dead seals and 

birds, the ooze under the surface of lagoons, in glacial meltwater, and many other places. They take 

sophisticated instruments to measure the environmental variables, wind, cosmic rays, insolation, and 

precipitation. They count plants and animals, the statistics of the weather patterns, the amount of debris 

arriving from the rest of the world. They record the appearance and disappearance of migrating animals, and 

the inexorable decay of structures, glaciers, and rocks themselves. The island is slowly being torn apart, 

reduced to smaller and less specific elemental pieces, and it all happens because of the extreme environment. 

About all we can do about it is pay attention.  

It should be noted that “extreme” is a relative term, because of the nonlinearity of ecosystems, physical 

states of matter, and cumulative effects. For instance, a 1°C change in temperature may affect a major species 

because organisms on which it depends are highly sensitive to it. Inorganic components of the ecosystem are 

often similarly sensitive: a small increase in ambient temperature over the past 50 years has resulted in the 

nearly complete disappearance of numerous large glaciers. Thus, we need to be aware that change of any 

amount in any variable(s) may effect major changes in others. Ecosystems are wildly nonlinear! 

The website http://www.serc.carlton.edu provides a definition and description of “extremophile”: An 

“extremophile” is an organism that thrives under "extreme" conditions. The term extremophile is relatively 

anthropocentric. We judge habitats based on what would be considered "extreme" for human existence. We 

call them “extremophiles ... but that is only one perspective. If they could think, what would they think of us? 

What we think of as normal may seem too “extreme” from the point of view of an extremophile.  

Not all organisms have the spectacular durability of tardigrades, but the population and wellbeing of each 

organism is a measure of its individual ability to withstand the extreme environment found on Heard Island. 

The changes are obvious to anyone who is a careful observer. Increasingly, activities on Heard Island, and on 

similar isolated extreme areas, are seen in real-time on internet sites, links to offsite laboratories and 

specialists, and in social networking. People worldwide are increasingly able to interact directly with 

expedition teams, sending and receiving information, comments, and suggestions. Just the presence of 

humans in such an environment is an example, and a test, and sometimes cause, of the ability of organisms to 

live in extreme conditions in extreme isolation.   

http://www.serc.carlton.edu/
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The uniqueness of Heard Island 

 
One of the early team members for the 2016 expedition was Damien Gildea, arguably the foremost 

Antarctic climber at the time. Damien considered a summiting activity, including a film. He made a list of 

factors relevant to the making of the film. The following are his words.  

 
An Ocean World - Heard Island is one of the few pieces of land that lie in the “Furious 

Fifties,” the latitudes that produce even worse seas and storms than the famous Roaring 
Forties. 

 
A World Apart from Mt. Kosciuszko - Only three expeditions, in over 40 years, have 

climbed Mawson Peak (2745m), the highest summit of the volcano Big Ben. Whereas in 
summer often more than 100 people a day climb Mt Kosciuszko (2228m). [In comparison] 
Mt. Kosciuszko is a stroll. Big Ben is a major expedition - it is possibly the world's most 
isolated mountain. 

 
Australia's Own - Heard Island is far enough south, and sufficiently icy and wild, that 

many people consider it part of Antarctica. It is much closer to Antarctica than to Australia. 
But unlike the Australian Antarctic Territory, Australia does actually have internationally 
recognized sovereignty over Heard Island. It is undisputed Australian Territory – the 
Australian continental in the Antarctic claim is not. 

 
Fire & Ice - These are Australia's only glaciers, and our only active volcanoes and they're 

both together in one place. Lava flowing through glaciers! Eruptions were detected by 
satellite imagery as recently as 2008 [eruptions occurred in 2016 during the Cordell 
Expedition]. 

 
Plants & Ice - Heard Island has 2000 ha of wetlands, on an island that is 70% glaciated. 
 
Dead Cold - Heard Island is home to a new species of tardigrade. These are organisms 

capable of surviving the most extreme conditions (150°C heat, -200°C cold, the vacuum of 
space, etc.) by going into temporary life suspension. 

 
Earth Changing Before Our Eyes - Not only are the glaciers retreating on Heard Island, 

but in recent years volcanic eruption has caused McDonald Island to change significantly– it 
has doubled in size in the last 30 years. 

 
Australia's Antarctic Heritage - Heard Island was the site of Australia's first Antarctic 

base (1947) and it was used as a test for bases that would later be established on the 
Antarctic continent. There are still remnants of the early base and other activity from this 
important period in Australia's history. 

 
World Heritage site – Heard Island is on the UNESCO List of World Heritage sites. 
 
Island in the Balance - The mean temperature at Heard Island is just 1°C - too cold for 

most, but still not frozen. The environment balances on the thin line between two quite 
different states. Just a minor shift in mean temperatures, brought about by factors far away, 
could tip the balance and cause drastic changes on the island. Heard Island is much more 
vulnerable to climate change than most ecosystems. 

 
The last of these ten points is one of the major drivers of this book.  
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Gildea went on to highlight some of the reasons for the planned (2016) expedition: 

 
(1) It is the first major international expedition to conduct scientific activity on Heard 

Island. Almost all previous science has been conducted by governments. 
 
(2) It is an interdisciplinary expedition. Projects will include glaciology, volcanology, 

marine biology, GPS mapping, and atmospheric studies. Activity will be filmed for a 
documentary. Reports will be sent daily around the globe to homes and schools. 

 
(3) Heard Island is often considered too hard to get to, so people don't go, and the 

science doesn't get done. This expedition represents a scattered, but passionate, community 
of people around the globe decided to make that effort because they think it's worth it.  

 
(4) This is the world's first open-source expedition. Truly an international effort, at all 

levels. Heard Island will be the focus of input from thousands of followers around the globe. 
 
(5) It will be the first time that messages, images, video and other data will be sent live 

from camps on this remote island, to an audience of more than 100,000 people in all parts of 
the world. The expedition will bring live images and reports from one of the most isolated 
places on earth right into schoolrooms and homes. 

 
(6) It will be the first Heard Island expedition to comprehensively combine science and 

mountaineering, summiting Big Ben for GPS, glaciological, and volcanology work. 

 
This list is typical of factors that motivate so many to gear their plans, career, and even their life, to going 

to, or going back to, Heard Island. Also typical of such plans is the fact that not all the envisioned activities 

could be done (e.g., mountaineering was originally planned but eventually found to be not possible during the 

2016 expedition).  

 

Motivations to visit Heard Island 

 
Why should one consider fielding an expedition to Heard Island? Why not another location that is easier to 

reach? The simple answer is that Heard Island is unique. It is extremely sensitive to changes in the global 

climate and therefore it is a sensitive indicator of such changes. This suggests that monitoring the biodiversity 

on Heard Island could not only indicate the changing conditions on the island but also give early warnings of 

global biological shifts. We will explain and support this assertion.  

Almost two decades ago, many persons (e.g., Walther, et al., 2002), described the global shift of 

populations due to climate change. Quite generally, populations are moving poleward, both toward the Arctic 

and the Antarctic (Bergstrom and Chown, 1999). This movement is driven by both rising global temperatures 

and by human transport. On subantarctic islands, it is estimated that more than 50% of the higher-plant 

diversity
 
(Smith, 1996) and a considerable portion of the insect and mite faunas (Pugh, 1994) are due to 

human introduction, but it is not obvious how to separate this portion from that due to natural causes.  

This fact is arresting: Unlike the other subantarctic islands, the biodiversity on Heard Island is entirely 

determined by natural causes, including the effects of global warming but excluding human transport. 

Normally, the complexities of interacting populations, especially those in competition, make it nearly 

impossible to separate the natural and anthropogenic effects on populations. (Shoener, et al., 2005). But Heard 

Island presents us with an extraordinary opportunity to separate these two major causes of global migration. 

Thus, simply monitoring the biodiversity at Heard Island may provide a powerful tool to help unravel some of 

the complexities of global climate change (Easterling, 2000).  
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The Australian Antarctic Division (AAD), which manages Heard Island, provides this statement (AADC, 

1992): 
The research undertaken on Heard Island … [involves] compelling science that cannot be 

undertaken elsewhere and takes advantage of Heard Island’s location, its relatively 
undisturbed condition and its unique, unusual, and dynamic natural features. 

To emphasize the point: Heard Island provides a unique opportunity to separate the 
effects of natural climate changes from human-caused changes. It is a large island with 
multiple extreme environments, including a sporadically active volcano, glaciers, tundra, 
barren sedimentary plains, and large populations of megafauna, but effectively no known 
human-introduced species. This combination presents a unique opportunity to learn about 
the limits of life in the extremes: extreme conditions, extreme isolation, and suggests in turn 
that its biodiversity can serve as an indicator of the effects of global climate change. The task 
is conceptually simple: get to Heard Island and search for plants and animals until we can’t 
find any new ones. As the species list grows, go about understanding it, and its dependence 
on the world climate. 

 

Change on Heard Island 
 

Here are a few of the components of Heard Island that we might expect to change: 

 
 Climate: long-term averages 
 Debris: accumulation rate, origins, etc. 
 Ecosystem: Interactions between components 
 Glaciers: length, mass, etc. 
 Invertebrate species 
 Lagoons: flow, salinity 
 Lakes: dimension, water mass, etc. 
 Marine species diversity 
 Megafauna populations 
 Names of features (including first-time names) 
 Sediment: distribution, grain size, etc. 
 Streams: geometry, flow, load, etc. 
 Temperature (ambient) 
 Terrestrial species diversity 
 Vegetative regimes: Patchiness, etc. 
 Visitor numbers 

 
Wikipedia (2021) provides the following concerning the effects of climate change on the plant community 

on Heard Island:  

 
The consequent increase in habitat available for plant colonization due to glacial 

recession, plus the coalescing of previously discrete ice-free areas, has led to marked 
changes in the vegetation of Heard Island in the last 20 years or so. Other species and 
vegetation communities found on subantarctic islands north of the Antarctic Convergence 
now absent from the Heard Island flora may colonize the island if climate change produces 
more favorable conditions. 

Some plant species are spreading and modifying the structure and composition of 
communities, some of which are also increasing in distribution. It is likely that further 
changes will occur, and possibly at an accelerated rate. Changes in populations of seal and 
seabird species are also expected to affect the vegetation by changing nutrient availability 
and disturbance through trampling. 

  

https://en.wikipedia.org/wiki/Antarctic_Convergence
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On 28 March 2001, an article was published by the Australian Antarctic Program entitled “Remote 

subantarctic island experiences population boom.” The article began with the statement: “Dramatic changes in 

the population and distribution of plants and wildlife on Australia's subantarctic outpost of Heard Island are 

among the many exciting research findings, as a result of an extensive research program on the remote 

volcanic island.” The article went on to describe various plants and animals and how they are changing 

[slightly edited]: 

 
Xenoliths: New observations of volcanic xenoliths indicate activity within the earth's 

molten core. 
 

Plants: An international team of plant scientists has carried out comprehensive studies 
of tundra plants on the Island. Initial findings from the studies indicate that global climate 
warming has resulted in large new expanses of endemic plant species. One such species, 
Aceana magellancia, (a species related to roses), has spread dramatically in the warmer 
conditions, overtaking other native plant species in the area. 

 
Insects: Studies revealed beetles living much of the year at high altitudes beneath the 

snow. 
 

King Penguins: Bird and seal population numbers on the Island have also dramatically 
increased since previous studies. There was a staggering increase in the King Penguin 
population. The records we have, photographic and data, reveal that the population totaled 
only three breeding pairs in 1947. During our stint on the Island [2001] we observed more 
than 25,000 pairs of King Penguins. 

 
Heard Island Cormorant: The endemic Heard Island Cormorant, listed as vulnerable 

under national and international agreements, now has an estimated breeding population of 
1200 pairs. [Later surveys significantly increased this number.] 

 
Antarctic fur seals: The current estimated population is 28,000 adults and 1000 

newborn pups, a dramatic increase from near extinction from sealing in the early 1800s. 
 

Plastic: We have found the first evidence of the ingestion of plastic particles by seabirds 
breeding at Heard Island. 

 
These comments are typical of an increasing number of reports that provide extensive, specific, and certain 

evidence of change occurring on Heard Island. Change is pervasive throughout the entire island, affecting 

living and nonliving resources, each with its characteristic rate of change.  

 

 

 

 

 

 

 

 

→ 
In FIGs. 1.14– 1.22, we present examples of major changes that have occurred on Heard Island, mostly in 

recent decades. These examples will be elaborated in later chapters (indicated in the heading above each 

example).  
  

http://www.antarctica.gov.au/news/2001/remote-subantarctic-island-experiences-population-boom
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Structural damage (Chapter 5) 

 
The first “modern” building on Heard Island was the Admiralty Hut, erected in 1928. In 1947 the ANARE 

station was built in the immediate vicinity of this hut. It was used as part of a medical facility, but over the 

subsequent years, the wind and animals tore it apart. By 2016 it was reduced to a few boards, which 

themselves will be gone within another 10 years or so.  

 

 

 
FIG. 1.14 The Admiralty Hut. (Upper) The hut in 1929. View is to the northwest.  (Lower) Ruins of the hut in 

2016. View is toward the east. Location of the hut 53°01’09”S, 73°23’35”E. 
  

file:///L:/PICs_Chapter_1_Description/FIG. 1.14 (Upper) Aust Nat Lib PIC_22 ca 1930 1929.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.14 (Lower) Alan_DSC00534 proc crop 2016.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.14 (inset) ANARE station.jpg
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Stream meandering (Chapter 20) 

 
Many of the tidewater streams on Heard Island pass across a low-gradient gravel beach. The loose gravel 

and flat terrain allow the streams to meander widely. Thus, the traces of the streams are in continual 

evolution.  

 

 

 
FIG. 1.15 Wandering of a tidewater stream on a relatively flat beach on Corinthian Bay. (Upper) 2006. (Lower) 

2014. Location of the stream entry into the Bay 53°01’38”S, 73°25’05”E. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.15 Corinthian Bay beach stream 2014 crop proc 2006 2014.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.15 (inset) Corintian Bay.jpg
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Glacier retreat (Chapters 21-23) 

 

 
FIG. 1.16 A 2.00x1.18 km

2
 area centered on 53°06’41”S, 73°40’20”E. (Upper) 2007. (Lower) 2016. The glacier 

has retreated out of the picture to the left. The white specks are small icebergs. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.16 Stephenson Glacier 2007 2016 Linked2x.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.16 (inset) Stephenson Glacier.jpg
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Lagoon formation (Chapters 16, 21) 

 
The Stephenson Glacier was one of the largest on Heard Island. In the late 1990s, it began to melt, and the 

excavation below it filled with water, forming the Stephenson Lagoon and leaving two terminal moraines as 

barriers. By 2016, it had retreated to form a mere stump, and both barriers are being systematically destroyed 

by the surf.  

 

 
FIG. 1.17 Stephenson Glacier and Stephenson Lagoon. (Upper) 2007. (Lower) 2014. In less than 10 years the 

entire glacier melted to form the lagoon. Location of the center of the glacier/lagoon 53°06’56”S, 73°41’15”E. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.17 Stephenson Glacier Lagoon 2007 2014 date.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.17 (inset) Stephenson Lagoon.jpg
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Shoreline erosion (Chapter 21)  
 

Parts of the shorelines of the Stephenson Lagoon were created as terminal moraines by the very large 

glacier just to the west (designated AU1141). As the lagoon filled with water, these moraines were attacked 

and submerged. Here a causeway to an elevated point has been destroyed, leaving a small island (100 m x 140 

m). This little island is also transient– in a few years, it too will be gone.  

 

 
FIG. 1.18 Erosion of the shoreline inside Stephenson Lagoon. (Upper) 2007. (Lower) 2014. Location of the 

island 53°06’51”S, 73°40’07”E. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.18 Stephenson Lagoon west shore 2014 2016 date.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.18 (inset) Stephenson Lagoon.jpg
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Shoreline deposition (Chapter 21) 

 
Shoreline processes include both erosion and deposition. Movement of the AU1141 glacier (from left) 

inexorably pushes till downslope and subglacial streams carry it to the shoreline where it is deposited. In the 

upper image here (2014) we see multiple streams depositing material just below Stephenson Glacier. Only 

two years later (2016) a massive till deposit has extended the coastline 70-100 m wide and the outflow is 

reduced. The small bay in the lower right is being overwhelmed by the deposition. These images have been 

extensively processed to make these features visible.  

 

 
FIG. 1.19 Deposition of new shoreline inside Stephenson Lagoon. (Upper) 2014. There are numerous streams 

in the roughly straight coastline segment left of center, seen as flow into the lagoon. (Lower) 2016. The 
coastline has been extended outward 70-100 m. Stephenson Glacier has retreated to the left out of the 

boundary of the image. Center of each image 53° 6'45.7"S, 73°39'32.1"E.). 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.19 Stephenson Lagoon NW corner closer 2014 016 crop proc proc.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.19 (inset) Stephenson Lagoon deposition.jpg
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Barrier instability (Chapter 23) 

 
The barrier moraine of the Winston Lagoon has undergone quasi-cyclic changes: In 1987 it was almost 

complete across the mouth of the lagoon, but two decades later it had a large opening. Subsequently, the 

opening was completely repaired, but in 2015-2016 a new break appeared. It is likely that this break will 

widen as it did before.  

 

 
FIG. 1.20 Evolution of the barrier on Winston Lagoon 1987-2016. Note opening, then closing, then breaching 

of the barrier. Location of the center of the barrier 53°29’02”S, 73°39’49”E. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.20 Winston breakwater 2006-2016 extended.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.20 (inset) Winston Lagoon.jpg
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Barrier breaching (Chapters 23, 36) 

 
A small lake on the Red Island peninsula was stable for decades, until 2014-2016, when both the western 

and eastern barriers developed openings. The eastern opening permitted researchers to enter the lake by boat 

for the first time.  

 

 
FIG. 1.21 Breaching of both barriers around the Red Island Lake, in the course of only 10 years. (Upper) 2006. 
(Lower) 2016. This 2014 satellite image was edited to show the 2015 opening of two new channels to the sea, 

making Red Island a true island. Location of the center of the lake 52°58’20”S, 73°18’15”E. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.21 Red Island Lake channels 2006 2016.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.21 (inset) Red Island lake.jpg
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Plant growth (Chapter 24) 

 
A colony of Kerguelen Cabbage had taken root on the wall of a sealer’s hut dating from the 1850s, 

persisting at least 20 years. Photographs show that the colony evolved significantly over at least two decades. 

 

 
FIG. 1.22 Evolution of Kerguelen cabbage on remnants of sealer’s shelter 1997/2000/2002/2016, Corinthian 

Bay. Location 53°01’11”S, 73°24’27”E. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.22 Sealers shelter plant 1997 2000 2002 2016 marked rebuild.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.22 (inset) Sealers Hut Corinthian Bay.jpg
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Three important references 

 
In considering “change,” three edited collections of papers on the future of Heard Island, the Subantarctic, 

and Antarctica are particularly valuable. While the current book is exclusively concerned with Heard Island, 

when considering the larger system of which it is part, and especially its future, it would be a mistake to not 

include the other Subantarctic Islands, Southern Ocean, and Antarctica in the considerations.  

 

 
FIG. 1.23 Three important references: (Left) Australian Antarctic Magazine (2004). (Middle) Heard Island: 

Southern Ocean Sentinel (2006).  (Right) Southern Ocean Sentinel (2009).  

 

Australian Antarctic Magazine Spring 2004 
 

A particularly timely publication is the Spring 2004 issue of Australian Antarctic Magazine. This issue of 

the magazine features 19 articles specifically about Heard Island, taken from the Antarctic Treaty 

Consultative Meeting and meetings of the Committee for Environmental Protection and the International 

Whaling Commission. While these articles total only 22 pages, they do cover many of the issues. Here we 

quote some of those particularly relevant to change and the future of Heard Island: 

 
In “Planning for Contingencies,” Robb Clifton writes: 

 
The sheer dynamic nature of the physical environment means that where there was 

once beach, cliffs now loom against crashing surf, glaciers become lagoons and previously 
walkable beaches are cut by racing streams. Nothing is certain and everything can change. 

 
In “Glacial retreat heralds climate change in Antarctica,” Doug Thost writes: 

 
The majority of glaciers are retreating worldwide, and Heard Island fills a gap in an 

otherwise vast expanse of ocean by providing a point where change in the climate of the 
Southern Ocean can be monitored. The lonely outpost of Heard Island is like a sentry, giving 
us advanced warning. And while the loss of glaciers on Heard Island would make a trivial 
contribution to world sea level rise, it heralds the progression of climate change south, 
towards the ice-covered Antarctic continent. 

  

file:///L:/PICs_Chapter_1_Description/FIG. 1.23 (Left) Australian Antarctic Magazine.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.23 (Middle) Southern_Ocean_Sentinel h1024.jpg
file:///L:/PICs_Chapter_1_Description/FIG. 1.23 (Right) SthOcean_Sentinel_FINAL_54903_512.jpg


 

Chapter 1 DESCRIPTION ⃝ Page 34 

In “Ecological Risks to Heard Island Assessed,” Sandra Potter writes: 

 
…the level of activity is expected to rise as interest in the Territory increases 

for science, tourism, and fisheries. … Undoubtedly the best strategy for 

maintaining the islands’ World Heritage-listed ecosystem is the application of 
preventative measures. 

 
In “Protecting Heard Island’s Environment,” Shaun Walsh writes: 

 
In preparation for the 2003-2004 expedition, a detailed environmental assessment was 

done. The assessment identified several possible environmental impacts: 

 
 Introduction of alien species to the island 
 Disruption to wildlife populations 
 Trampling of vegetation and disturbance to the soil 
 Pollution from chemicals and wastes 
 Effect of human activity on cultural heritage 
 Temporary loss of wilderness and aesthetic values. 

 
Walsh lists specific actions to mitigate these environmental impacts: 

 
 Strict quarantine measures such as the purchase of new equipment, non-

supply of fresh fruit and vegetables, and rigorous cleaning and inspection 
regimes on all cargo 

 Presence of restricted areas and controls on vehicle movements, field camp 
locations, and wildlife approach distances 

 Deployment of unusual animal mortality response kits in the event of a disease 
outbreak 

 Deployment of field fuel spill kits to prevent and clean up fuel spills 
 Reduced packaging on all cargo to minimize waste prior to departure 
 Removal of solid waste from current and previous expeditions, and proper 

disposal of liquid waste; 
 Preparation of an environmental code of conduct, a comprehensive 

environmental training program for all participants 
 An environmental reporting regime while on the island and upon return. 

 
In “Response of Heard Island Plants to Global Warming,” Marcus Schortemeyer writes: 

 
On Heard Island, we need to know whether plants in a future, warmer environment will 

have an altered physiology compared to those growing today. But how do we compare the 
plants of today and tomorrow? … Our approach was to study the amount of carbon gained 
and lost by plants grown at different altitudes. 

 
In “Contamination at Atlas Cove Station,” Scott Stark writes: 

 
…, contamination by TPH [Total Petroleum Hydrocarbons] requires further investigation. 

… However, the benefits of any proposed remediation scheme at Atlas Cove would need to 
be weighed against the negative effects this might have on the plant and animal wildlife that 
have recolonized the old station site since it was abandoned nearly 50 years ago. 
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Heard Island: Southern Ocean Sentinel (book)  
 

This is the essential handbook for all things Heard Island. It is a collection of technical articles by 22 

different authors, each an expert. Much of the material resulted from, or was compiled at the time of, the 

2000/01 and 2003/04 AAD expeditions. From the Introduction: 

 
Heard Island lies undisturbed in the Southern Ocean, a sentinel for our current studies 

on climate change, community response, and fisheries. There is a wealth of information on 
Heard Island buried in books, sealers' logbooks, scientific papers, climbing journals, and 
geographical magazines. This book, written by experts in their fields, brings these disparate 
sources together into a cohesive whole - the story of Heard Island, a Southern Ocean 
Sentinel.  

 
To quote just one article (Thost and Allison, 2006) concerning the climate on Heard Island: 

 
There is now considerable evidence that the climate of Heard Island is changing, 

resulting in significant glacier retreat, formation of lagoons and freshwater lakes, and 
colonization of newly exposed lands by plants and animals. … These changes in the climate 
of Heard Island are a reflection of large-scale changes that have been identified elsewhere in 
the Southern Ocean. 

 
Southern Ocean Sentinel (workshop)  

 
This report is a collection of papers based on presentations, discussions, and outcomes of an International 

Workshop on Monitoring climate change impacts: Establishing a Southern Ocean Sentinel program, held at 

CCAMLR Headquarters in Hobart, Australia, 20-24 April 2009, hosted by the Antarctic Climate and 

Ecosystems Cooperative Research Centre, Australian Antarctic Division, and WWF-Australia.  

The contents list the following subjects (slightly edited): 

 
The Southern Ocean Design and Implementation 

Ocean Habitats Current Strategies to Monitor Change 
Sea Ice Habitats Current Status, Variability and Change 

Sea Floor Habitats Changing Southern Ocean Ecosystems 
Coastal Habitats Prognoses for Future Ecosystem Changes 

Biota of the Southern Ocean Assessing Climate Change Impacts 
Southern Ocean Biota Attributing Change to Climate Change 

Life in the Ocean Long-Term Assessment Strategy 
Food Webs Establishing a Southern Ocean Sentinel 

Plausible future scenarios A Southern Ocean Sentinel 
Choosing a Set of Indicators Next Steps 

Designing Monitoring Programs  
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About this book 

 
We provide here a few remarks about this book, to help the reader to know what the material is, how it is 

arranged, and the nature of the content. These comments are reiterated from the Preface. 

This book is principally aimed at the following groups: 

 
 Managers of the Heard Island reserve and similar sites. “Managing” means 

executing a plan to either control the change, or to cope with change that is 
beyond control. 

 Working scientists interested in particular aspects of Heard Island; 
 People interested in the natural and/or human history of Heard Island;  
 Students engaged in exploration of the Subantarctic; 
 Writers, travelers, lawmakers, and anyone else interested in the ongoing 

wellbeing of the world. 

 
It filters material according to “change:” 

 
 Things that have changed perceptibly over some time interval; 
 Things that might have been expected to change, but for which the evidence is 

that there was little or no change. 

 
It is not a review of the history, resources, or current status of Heard Island. Rather, it shows components 

of the system that have been observed to change, and some ideas of the rates of those changes. In addition, a 

few components that might be expected to change, but have not yet changed significantly, are highlighted, 

since the absence of change is still a change, just with value zero.  

Most of the examples of change are in the form of photographs or other graphics. Thus, the book is a 

visual guide; it is meant to be looked at rather than read (although we would appreciate you reading at least 

some of it!). In many cases, photographs of the same object (e.g., a glacier) are shown in several years (e.g., 

1947, 1986, 2003, 2014, 2016). In some cases, the amount of change is relatively small, and difficult to 

discern within the limited resolution of the printed page. Generally, the text will provide comments about the 

nature and amount of the change. The electronic version of this book provides some links to the photographs 

at much larger scale.  

However, in many cases, we only have a single picture of a subject taken in one year. One may then ask, 

“Why include any image(s) of that subject?” One reason is that these pictures provide an easy reference with 

which to compare pictures not included by the author and to images developed in the future. Another reason is 

that a single-date picture provides evidence that the subject was considered, but no presentable “change” 

material was found. The author believes it very likely that many readers will have seen other images with 

other dates that can be related to images found in this book, and so the material presented here can be linked 

by the reader to additional material.  

In summary, this book is an exhibition: it is a collection of visual displays of items (exhibits), some of 

which are associated with other items in the displays. But it is potentially much more than a simple collection; 

it invites the viewer to link the items on display to items in his or her own experience, thereby extending the 

collection well beyond the current physical boundaries. I will very much appreciate learning of, or receiving, 

additional images and information about the exhibits contained herein. If this book ever gets to a second 

edition, such additional material will be most valuable… 
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Chapter 2 Images 
 

Photographs 
 

Heard Island presents a classic image of a volcanic island. It is very roughly a truncated cone, two miles 

high, 20 miles in diameter, with a nearly perfect small cone on the top. The volcano is named Big Ben, after 

the clock on Parliament in London. The small cone is called Mawson Peak, named for Sir Douglas Mawson. 

Now and then smoke emanates from the Peak, and less frequently it spits up lava, which sometimes runs 

down the slope.  

 

 
FIG. 2.1 Aerial photograph of Heard Island taken from the northeast looking southwest 1980s 

 

 
FIG. 2.2 Elevation photograph of Big Ben in January 2016, looking north. The tip of Mawson Peak is smoking. 
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The 12 photographs shown in FIG. 2.3 are frames from a video taken by Dominick Taylor during a 

complete circumnavigation of Heard Island by helicopter in 2008. During the flight, he also took many still 

photos, which appear in appropriate places elsewhere in this book. The helicopter took off from RSV Aurora 

Australis anchored in Atlas Cove. The approximate locations of the images are shown in the diagram.  

 

 

 

FIG. 2.3 Sequence of twelve helicopter 
photographs of Heard Island. The 

helicopter took off from RSV Aurora 
Australis anchored in Atlas Cove and 
made a complete clockwise circuit of 

the island. 2008. 

 
 
 

  
1.  Ruins of the ANARE station 2.  Little Beach 

  
3.  Saddle Point 4.  Compton Lagoon 
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5. Stephenson Glacier 6. The Spit 

  
7. Stephenson Lagoon 8. Winston Lagoon 

  
9. Long Beach 10. Cape Gazert 

  
11. Atlas Cove vicinity 12. Red Island Lake 
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Clear sunny days on Heard Island are very infrequent. When this occurs, if you happen to be on the island, 

you should be outside with a camera capturing the spectacle! The following two pictures were taken in 2012, 

although from very different viewpoints. The first photo is more typical, having wispy irregular clouds. The 

second photo is a truly rare event: a completely cloudless sky (although a few low-lying clouds appear on the 

left flank of the mountain). It is not obvious whether the small feature near the peak is a cloud of smoke from 

Mawson Peak. This photograph almost looks more like a watercolor painting.  

 

 

 
FIG. 2.4 Heard Island from the ocean. (Upper) Looking southwest. (Lower) Looking northwest. 2012. 
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Two more elevation photographs of Big Ben are shown in FIG. 2.5. These photos show typical wispy 

clouds, and a huddle of King Penguins. In the upper photo below, there actually is a cloud above the peak (it’s 

not smoke); such clouds are created by the forced upward flow of the moisture-laden air.  

 

 

 
FIG. 2.5 Big Ben photographed from land 2012. 

 
Arthur Scholes wrote of his impression of Big Ben in 1947: 

 
We saw it when we gazed across the bare stony flat from our growing camp. Dark 

clouds nearly always hid the lower ice slopes, but on rare magnificent days, the clouds 
opened, to reveal the long white slopes, the rugged ice peaks towering into the sky, the bare 
rock ridges, and, above everything, the silent white dome of the mountain. 

– – Arthur Scholes, Fourteen Men 
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Satellite images 
 

The following three images are entirely computationally derived from satellite images. They are quite 

realistic as aerial images of the island (cf. FIG. 2.1 and FIG. 2.3).  

 

 

  

 
FIG. 2.6 Lava draining down the southwest side of Big Ben 
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In the preparation of this book, Google Earth became an indispensable tool for generating images of Heard 

Island. With the ability to set the camera elevation, orientation, focal length, date, and other aspects, it enabled 

understanding of topography that could not be seen even when on the mountain itself. In some cases, stereo 

images were generated. Most valuable was the ability to capture the image in several different years, e.g., 

2008, 2011, 2006, and 2016.  

 

 

 
FIG. 2.7 Digital elevation views of Heard Island. (Top) Looking south. Big Ben on the left, Laurens Peninsula at 

right. (Middle) Looking northeast. Mawson Peak is seen prominently, including the streak of dark lava down its 
southern flank. (Bottom) Looking north. Lavett Bluff is at left-center (green on Lower elevations). Fiftyone 

Glacier is right-center. Several subglacial streams are visible running to the ocean. 
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Satellite images 
 

Over the last two or three decades, a succession of Earth observation satellites has been brought online. 

Images of Heard Island are often included in the published results from these satellites. In fact, Google Earth 

publishes images for several years, individually accessed with a convenient slider. The present book includes 

many of the Google Earth images, although in most cases the images had to be extensively processed to make 

them acceptable for presentation.  

In this section, we show some images of Heard Island obtained from selected satellites. 

 

1991 SPOT 
 

SPOT (French: Satellite Pour l’Observation de la Terre, lit. "Satellite for observation of Earth") is a 

commercial high-resolution optical imaging Earth observation satellite system. SPOT-1 was launched in 

1986; SPOT-7 was launched in 2014. 

 

2006 QuickBird 
 

Quickbird was a high-resolution commercial earth observation satellite, owned by DigitalGlobe. It was 

launched in 2001 and decayed in 2015. The satellite collected panchromatic imagery at 61 cm resolution and 

multispectral imagery at 2.44-m (at 450 km) to 1.63-m (at 300 km) resolution. At this resolution, detail such 

as buildings and other infrastructure are easily visible. 

The following image is a combination of images from SPOT (1991) and Quickbird (2006). The image was 

produced by overlaying the change detections result from the 1991 SPOT and 2006 QuickBird image 

comparison over a digital elevation model of Heard Island (with the SPOT image in the background).  

 

 
FIG. 2.8 Combined image from SPOT (1991) and Quickbird (2006) satellites. Significant changes appear in red. 
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1995+ Radarsat 
 

RADARSAT is a Canadian remote sensing Earth observation satellite program overseen by the Canadian 

Space Agency (CSA). RADARSAT-1operated from 1995 to 2013. Two other RADARSAT satellites have 

operated from 2007 to the present (2021).  

 
2002 Radarsat InSAR The Digital Elevation Model (DEM) 

InSAR (Interferometric Synthetic Aperture Radar) is a technique that maps millimeter-scale displacements 

of the earth’s surface with radar satellite measurements. Given the continuous change of the Earth’s surface, 

the ability to yield measurements at night and throughout any weather condition makes this technique 

extremely valuable.  

InSAR greatly extends the ability of scientists to monitor volcanoes because, unlike other techniques that 

rely on measurements at a few points, InSAR produces a map of ground deformation that covers a very large 

spatial area with centimeter-scale accuracy. InSAR is based on radar reflections from infrastructure. The 

measurements are not related to pre-determined physical points on the ground. Time series show how objects 

have moved since the previous measurement. The archived data archive goes back to 1992 and covers 70% of 

the earth’s land. With those data, analysts can recover historic subsidence. This technique is especially useful 

at remote, difficult-to-access volcanoes and at locations where hazardous conditions prevent or limit ground-

based volcano monitoring, such as Heard Island. (Source Wikipedia).  

When exploring the RADARSAT 2002 Digital Elevation Model (DEM), several errors and artifacts were 

discovered by Arko Lucieer. Lucieer computed a corrected image shown in FIG. 2.9.  

 

 
FIG. 2.9 Radarsat satellite error correction 2002 

 
  

file:///L:/PICs_Chapter_2_Images/FIG. 2.9 wv1_23march2008_heard_metadata.pdf - Adobe Acrobat Pro DC_2.jpg


 

Chapter 2 IMAGES ⃝ Page 48 

2008 WorldView-1 
 

WorldView-1 is a commercial earth observation satellite owned by DigitalGlobe. It was launched 18 Sep 

2007, followed later by WorldView-2 in 2009. FIG. 2.10 shows one of the images produced by Worldview. 

 

 
FIG. 2.10  Image of the eastern half of Heard Island from the WorldView satellite 2007. This is a combination 
of Radarsat Interferometrically derived DEM and Stereo DEM. The Height Values Range from Mean Sea Level 

(black) to 2794.6 m (brown). 
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2006, 2012 GeoEye 

 
GeoEye Inc. (formerly Orbital Imaging 

Corporation, or ORBIMAGE) was an American 

commercial satellite imagery company based in 

Herndon, Virginia. GeoEye was merged into the 

DigitalGlobe Corporation 29 Jan 2013. The 

company owns and operates satellites OrbView 

1,2,3,4. GeoEye-1,2, and IKONOS.  

 
A set of images of Heard Island was produced 

in 2006 and 2012 (FIG. 2.11).  

 
 
 
 
 
 
 

FIG. 2.11 GeoEye satellite views of the Spit Bay 
region. (Upper) 2006. (Lower) 2012. Of particular 
note is the retreat (and almost total obliteration) 

of Stephenson Glacier, being replaced by 
Stephenson Lagoon.  
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2012 Landsat 8 
 

The Landsat program is the longest-running enterprise for acquisition of satellite imagery of Earth. It is a 

joint NASA/USGS program. On 23 Jul 1972 the Earth Resources Technology Satellite was launched. This 

was eventually renamed “Landsat.” The most recent satellite, Landsat-8, was launched on 11 Feb 2013.  

The image below is of Heard Island taken on 13 Oct 2012. It shows the island covered in a white ice sheet. 

The summit crater was unusually dark, with a possible lava flow in its crater. Strong heat signatures were 

detected in its crater. 

 

 
FIG. 2.12 Image of the eastern part of Heard Island from Landsat-8 on 13 Oct 2012. The crater appears as a 

dark dot at the center of the cone. 

 
  

file:///L:/PICs_Chapter_2_Images/FIG. 2.12 Landsat-8.jpg


 

Chapter 2 IMAGES ⃝ Page 51 

2015 Aqua 
 

Aqua is one of NASA's missions for Earth science operating in the A-Train constellation. It has 

demonstrated a very high level of precision in making the primary long-term measurements of the mission. 

These highly calibrated climate quality measurements of radiance, reflectance, and backscatter have been 

used to cross-calibrate past and present sensors launched by NASA, as well as a variety of sensors launched 

from other agencies and the international community. (Source: Wikipedia). 

The following Aqua image shows a Kármán vortex street propagating northeast from Heard Island. 

Another image of the Kármán vortex street, taken by Landsat-8 on 8 May 2016, is shown in Chapter 30. 

 

 
FIG. 2.13 A Kármán vortex street moving northeast from Heard Island. The Moderate Resolution Imaging 

Spectroradiometer (MODIS) aboard the Aqua satellite captured this true-color image on 2 Nov 2015 at 5:02 
AM EST (09:20 UTC). The eastern tip of Heard Island is barely visible at the origin of the street (red box). 

  

https://en.wikipedia.org/wiki/Earth_science
file:///L:/PICs_Chapter_2_Images/FIG. 2.13 von Karman 2 Nov 2015 0502 EST.jpg
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2017 EO-1 

 

EO-1 was the first satellite to map active lava flows from space, the first to measure a facility's methane 

leak from space, and the first to track re-growth in a partially logged Amazon forest from space. EO-1 

captured scenes such as the ash after the World Trade Center attacks, the flooding in New Orleans after 

Hurricane Katrina, volcanic eruptions, and a large methane leak in Southern California.  

The image in FIG. 2.14 is of a rare cloud-free Heard Island. This image shows artifacts from the editing 

necessary to make it cloud-free. Despite this, this image is one of the best full-island images available. 

 

 

 
FIG. 2.14 Cloud-free image of Heard Island. Assembled from images taken by the EO-1 satellite 2017.  

 
  

file:///L:/PICs_Chapter_2_Images/FIG. 2.14 EO-1 ALI cloud-free crop edit edit.jpg
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2019 Copernicus Sentinel 

 

Copernicus is the European Union's Earth observation program coordinated and managed by the European 

Commission in partnership with the European Space Agency (ESA), the EU Member States, and EU 

Agencies. It aims at achieving a global, continuous, autonomous, high-quality, wide range Earth observation 

capacity. Providing accurate, timely, and easily accessible information to, among other things, improve the 

management of the environment, understand and mitigate the effects of climate change, and ensure civil 

security. [Source: Wikipedia]. 

The image in FIG. 2.15, taken by the Copernicus Sentinel satellite, shows an eruption occurring on Heard 

Island on 2 Nov 2019.  

 
 

 
FIG. 2.15 Eruption on Mawson Peak. 2 Nov 2019, imaged by the Copernicus Sentinel satellite. Mawson Peak is 

slightly above the center of the photograph. 

 
  

file:///L:/PICs_Chapter_2_Images/FIG. 2.15 Copernicus sentinel satellite 2019.jpg
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Chapter 3 Maps 
 

Finding Heard Island 
 

Heard Island is one of the so-called subantarctic islands, which includes, among others, Kerguelen, 

Bouvet, Crozet, South Georgia, South Sandwich, and the MacDonald Islands. It lies within the Antarctic 

Convergence, a wavy boundary encircling the Antarctic, where cold, northward-flowing waters meet the 

relatively warmer northerly waters. Antarctic waters predominantly sink beneath the warmer subantarctic 

waters, while associated zones of mixing and upwelling create a zone very high in marine productivity 

(Wikipedia).  

FIG. 3.1 shows Heard Island at 53.1°S, 73.5°E.  

 

 
FIG. 3.1 South polar map of the world centered on the South Pole 

 
Table 3.1 lists distances from Heard Island to selected points. Except for three relatively close islands, 

there is no land closer than about 4000 km. In addition, Heard Island lies in the Southern Ocean, which is 

generally taken to be south of 60°S latitude (Wikipedia).  

  
Table 3.1 Distances from Heard Island 

Location km miles Location km miles 

Shag Rocks 21 13 S. tip of India 6,768 4,206 
McDonald Islands 62 39 S. tip of S. America 7,446 4,627 
Kerguelen Islands 515 320 Pitcairn Island 11,050 6,866 

Perth 3,913 2,431 London 13,446 8,355 
South Pole 4,120 2,560 North Pole 15,888 9,873 

S. tip of Africa 4,643 2,885 New York 17,255 10,722 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.1 AntarcticMap2 proc marked 1.jpg
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FIG. 3.2 shows Heard Island at the center of an Equidistant Azimuth Projection (EAP). This projection 

has the useful property that all points on the map are at proportionally correct distances from the center point, 

and that all points on the map are at the correct azimuth (direction) from the center point. It is important to 

note, however, that this diagram is not oriented with north toward 12 o’clock; rather, 12 o’clock on this 

diagram is 73.5°E longitude.  

It’s quite easy to find Heard Island if you have a map that shows the South Magnetic Pole. There is a notch 

at 76°E longitude, almost opposite of the Antarctic Peninsula (i.e., away from South America). That notch is 

called the Amery Ice Shelf. Draw a line (arc) from roughly the middle of Antarctica (a visual estimate is good 

enough) to the notch. Now extend the line the same distance in the same direction, and you are at Heard 

Island.  

 

 

 

FIG. 3.2 (Left) Azimuthal equidistant map of the world centered on Heard Island. (Right) How to find Heard 
Island from the South (Magnetic ) Pole. 

 
The distance from Heard Island to the point of intersection at Amery Ice Shelf is 1,820 km (1130 miles). 

Using this as a unit, the EAP allows easy scaling from anywhere in the world to Heard Island.  

A peculiar property of the EAP is that the world at the greatest distances is smeared out across the entire 

horizon (the entire 360° periphery on the plot). The plot lists the principal areas of the world around Heard 

Island. Clearly, there is land in every direction; there is no direction with only ocean (this is equivalent to 

saying that there is no great circle through Heard Island that passes only over ocean). If you were sitting on 

Heard Island and wanted to know which direction to orient your radio antenna to contact California, this plot 

would give you a rough indication (so long as you know your local compass directions). Similarly, wherever 

you are in the world, an EAP will show you where to point toward Heard Island, and how far it is.  

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.2 (Left) HI_AZ_Polar map.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.2 (Right) Locating HI from South (Magnetic) Pole.jpg
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Geologic province 
 

Heard Island sits near the middle of a large igneous province called the Kerguelen Plateau, covering some 

2.3 million km
2
, nearly three times the size of Japan. The plateau extends for more than 2,200 km in a 

northwest-southeast direction. Except for two pitifully tiny islands (Kerguelen and Heard), all of it lies in very 

deep water. Nothing can be seen of this continent-sized province without a big ship loaded with a lot of 

sensitive instruments.  

FIG. 3.3 shows a diagram of the Kerguelen Plateau and other continental masses around the Indian Ocean.  

 

 
FIG. 3.3 Map of the Kerguelen Plateau. Heard Island is located slightly above (i.e., north of) the easternmost 

part of Elan Bank. The broken red lines are all spreading centers, which meet at the Rodrigues Triple Junction. 
The boundaries move at about 4 cm/yr. 

 
The Kerguelen Plateau was constructed starting about 130 million years ago. The first parts to emerge 

formed the Northern Province; the Southern Province began forming about 10 million years later. The 

remainder of the plateau (the Central Province) was constructed over the following 85 million years. There 

are still hotspots on the Kerguelen Plateau that drive sporadic volcanism.  

  

https://en.wikipedia.org/wiki/Japan
https://en.wikipedia.org/wiki/Plateau
file:///L:/PICs_Chapter_3_Maps/FIG. 3.3 2007Apr-fig-1a.jpg
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FIG. 3.4 shows a physiographic map of the Kerguelen Plateau. Heard Island is in the center of the Central 

sub-province, marked as “HI.” The contours next to the mark “KA” to the northwest indicates the Kerguelen 

Islands.  

 
FIG. 3.4 Physiographic map of the Indian Ocean and bathymetric map of the Kerguelen Plateau and Broken 

Ridge. HI is Heard Island and KA is Kerguelen Archipelago. 

 
Much of the Kerguelen Plateau was above sea level– a “microcontinent”– for three periods between 100 

million and 20 million years ago. Large parts of the now submarine Southern and Central Kerguelen Plateaus 

were subaerial during the formation of the large igneous province. The southern province probably formed an 

island of 500,000 km
2
 with major peaks reaching 1,000–2,000 m above sea level. The Kerguelen 

microcontinent may have been covered by dense conifer forest in the mid-Cretaceous. It finally sank 20 

million years ago and is now 1,000–2,000 m below sea level. (Wikipedia and others).  

The discovery that Heard Island sits on a separate continental mass changed the opinions of geologists and 

some others. Arthur Scholes, in his book Fourteen Men, (p. 168), expressed it this way: 

 
It was thought that Australia might have been moved by earth tides and allied forces to 

its present position. It was likely, therefore, that similar minerals might be found in the 
islands between South Africa and Australia, if these islands had been broken off when the 
continental movement occurred. … The discovery [of the relatively poor diversity of the 
mineral composition on Heard Island] showed simply that Heard Island was not one of these 
islands and [therefore] had not been part of Australia … 

– – Arthur Scholes, Fourteen Men, p. 168 

  

https://en.wikipedia.org/wiki/Microcontinent
https://en.wikipedia.org/wiki/Subaerial
https://en.wikipedia.org/wiki/Cretaceous
file:///L:/PICs_Chapter_3_Maps/FIG. 3.4 2007Apr-fig-1b.jpg
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19th Century maps 
 

Robinson’s sketches 1858 

 
Capt. James W. Robinson of Hobart, Tasmania, joined the rush of sealing voyages to Heard Island 

following news of the great herds there of Elephant Seals Mirounga leonina, the oil of which commanded a 

high price. Known as the Tasmanian Sealing Voyage; the expedition lasted from 1858 to 1860. It included 

two ships, the Offley, which was Robinson's command, and the Elizabeth Jane, which was to serve as tender 

to the Offley. It was planned that the Offley would lie at the Kerguelen Islands engaged in off-shore whaling, 

while the Elizabeth Jane would lie off Heard Island to transfer oil collected by the shore party to Offley. 

However, the Elizabeth Jane was damaged during its voyage and never reached its destination. Robinson 

requested the United States schooner Mary Powell to become tender, but the Mary Powell was lost as a 

shipwreck. Robinson and his crew were rescued by another schooner, the Cornelia. While on the voyage 

Robinson’s wife gave birth to their son James Kerguelen Robinson on 11 March 1859, who was the first 

person born south of the Antarctic Convergence. The whole voyage proved to be difficult, dangerous, and in 

some cases, tragic. Despite the hardships of the journey, Robinson returned to Hobart Town in 1860 with 

about 120 tons of oil black and sperm. Robinson wrote an account of his expedition, which is available as 

unpublished memoirs. He died in 1906.  

While Robinson’s misadventures are interesting for the context of the time, our immediate interest in 

Robinson is the fact that he created several sketches of Heard Island. Two of these are the earliest maps we 

have of the island. They are reproduced here. The dashed and red tracks refer to the Offley on 21 Oct. 1858.  

 

  
FIG. 3.5 Sketches of Heard Island, made by Capt. James Robinson. Both sketches are historically considered to 
have been made in 1858 but only the second sketch is dated: 21 Oct. 1858. (Left) Sketch #1. (Right) Sketch #2. 

Magnetic north is marked on both charts as a vertical line. 

 
  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.5 (Left) Robinsons Map Offley 1858 proc crop exp.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.5 (Right) Cap't Robinsons Map 1858 from Heritage Management Plan proc proc.jpg
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The author made approximate transcriptions of these two sketches; the first is shown in FIG. 3.6. Note that 

Robinson spelled the name as “Hurd’s Isle.” The position shown for Heard Island, 53.7°S, 73.46°E, is slightly 

more than 64 km south of the actual position of Mawson Peak. The comment of the length as “said to be 26 

miles” may be compared to the actual length of 22 miles (from the tip of Laurens Peninsula to the Elephant 

Spit).  

 

 
FIG. 3.6 Transcription of Robinson sketch map #1 

 
  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.6 Robinsons Map Offley 1858 proc crop exp redrawn adjusted.jpg
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The transcription of the second sketch is shown in FIG. 3.7. The position shown for the Offley anchorage, 

52.7°S, 73.46°E, is 48 km to the north-northwest of the actual position. Again, the length is “said to be” 26 

miles, which in fact is 22 miles.  

 

7 

FIG. 3.7 Transcription of Robinson sketch map #2 

 
During the sealing period (1858-1887), various maps were produced. There was a strong bias for a banana 

shape, with the Spit pointing north. The Laurens Peninsula was seldom rendered accurately, probably because 

there was little opportunity or motivation to go there or to survey it. FIG. 3.8 shows six of these maps. They 

have many features in common but persist in some errors. For example, the name is written Hurd, Heard, and 

Herd. Map [B] gives numerous names that are no longer valid (e.g., Negros Head, Hanchild Beach, Launches 

Beach, Robertson’s Harbor, Green Peak, and Cape Lorenz). The map in FIG. 3.8(F) names the volcano as 

Old Ben Mt. and gives a position of the peak that is 7 km too far south.   

file:///L:/PICs_Chapter_3_Maps/FIG. 3.7 Robinsons Map from Cultural Management Plan.jpg
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Sealers maps 1858-1887 

 

 
 

(A) (B) 

  
(C) (D) 

  

(E) (F) 
FIG. 3.8 Maps of Heard Island used by or generated by sealers. (A) Sketch by Capt. Robinson 1858. (B) HMS 

Challenger map 1874. (C) HMS Challenger map 1875. (D) Sealers map 1870s-1880s. (E) Geographical map ca. 
1875. (F) American Sealers Map 1887. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.8A Robinsons map rot trim.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.8B Map Hurds Island crop proc proc adj crop.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.8C View-of-Heard-Island-1882-Slice-6 proc.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.8D Map HI 1874 Challenger crop.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.8E Australia-Tasmania 2020 iPHone IMG_1966 crop proc proc.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.8F Sealers Map.jpg


 

Chapter 3 MAPS ⃝ Page 63 

Drygalski map 1901-1902 

 
Almost a quarter-century after sealing stopped at Heard Island, Erich von Drygalski led the first German 

South Polar expedition with the ship Gauss to explore the unknown area of Antarctica lying south of the 

Kerguelen Islands. The expedition started from Kiel in the summer of 1901. Drygalski also paid a brief call to 

Heard Island and provided the first comprehensive scientific information on the island's geology, flora and 

fauna. Despite being trapped by ice for nearly fourteen months, the expedition discovered new territory in 

Antarctica. The expedition arrived back in Kiel in November 1903. Subsequently, Drygalski wrote the 

narrative of the expedition and edited the voluminous scientific data. Between 1905 and 1931, he published 

twenty volumes and two atlases documenting the expedition. He died in 1949, two years after the founding of 

the ANARE station on Heard Island. Worldwide, Drygalski is honored with at least six named geographical 

features. (Wikipedia/Erich von Drygalski). 

  

 
FIG. 3.9 Drygalski’s map 1901-1902. Based on the British Admiralty Chart (2317)802. Depths in fathoms.  

 
Drygalski’s map is interesting for at least two reasons:  

 

1. It is obviously a direct copy of the 1875 map seen in FIG. 3.8(D).  

2. Drygalski added several names of obvious Germanic origin. For instance, whereas Mawson Peak carried 

the name “Emperor William Peak” in 1875, Drygalski gave it the name “Kaiser Wilhelm’s Berg.” Of course, 

both names refer to the same person, so that might be forgiven. But Drygalski adds “Häuser,” “Niedriges 

Land,” and “Schmidt Gletscher,” all very German names.  

 

Understandably, the very earliest maps of Heard Island do not all agree on the names applied to individual 

features, or even to Heard (or is it Hurd, or Herd?) Island. What seems surprising is that most of the names we 

see today are present in the very earliest extant documents. This will be seen more explicitly in Chapter 4, 

which examines some of the individual historical event records.  

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.9 Heard Island sealers map 1881 from Drygalski proc crop.jpg
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The previous remark notwithstanding, FIG. 3.10 is a map showing some of the place names that were used 

by sealers, some of which were eventually changed or dropped.  

 

 
1. Laurens Peninsula (North West Point) 

2. Red Island 

3. Atlas Bay 

4. Rogers Head 

5. Sail Rock 

6. Shag Island 

7. Corinthian Harbour 

8. Saddle Point 

9. Mechanics Bay 

10. Morgan’s Island 

11.  (Gilchrist Beach) Woolly Beach

12.  (Fairchild Beach) Rocky Beach

13. Fairchild’s Beach (Skua Beach) 

14. Stephenson Glacier 

15.  (Try Pot Beach/Oil Barrel The Landing
Point) 

16. The Point (Elephant Spit) 

17. The Pond (Scholes Lagoon) 

18. South-west Beach (near Spit Bay) 

19. Little Beach (Capsize Beach/Winston Lagoon) 

20. South Barrier 

21. Fifty-one Glacier 

22. Long Beach 

23. Big Ben 

24. South West Beach (near Corinthian Bay) 

25. West Bay 

 
FIG. 3.10 Place names used at Heard Island during the 19

th
 century. (Left) Map showing locations. (Right) List 

of names. Names used by the sealers are shown in italics; present-day names are smaller, in Roman font. 
Compare this map with the 2008 aerial survey shown in FIG. 2.3.  

 

During the 19
th
 century, most of the Heard Island glaciers descended to the sea, ending in ice-cliffs “as tall 

as ships’ masts.” As the world warmed, the glaciers began to melt, leaving lagoons and name-changes. Other 

cases involved abandoning a name for political reasons or replacing a name based on a better understanding 

of the geography of Heard Island. Some of the names that have been abandoned are Sail Rock, Woolly Beach, 

Rocky Beach, The Landing, The Point, The Pond, South-west Beach, and South West Beach. The name “Little 

Beach” was moved to different location. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.10 Australia-Tasmania 2020 iPHone IMG_1785 rot proc exp.JPG


 

Chapter 3 MAPS ⃝ Page 65 

ANARE maps 1947-1955 
 

FIG. 3.11 shows the map that was taken to Heard Island by the ANARE team in December 1947. It is 

obviously a nearly exact copy of the Geographical map 1875, shown in FIG. 3.8(E). An important part of the 

plan for the ANARE team was to make a more accurate map. 

 

 
FIG. 3.11 ANARE landing map 1947 

 
In his documentary book Fourteen Men about the 1947 ANARE expedition, author Arthur Scholes 

included a sketch map (FIG. 3.12) that shows many names, all of which are still used today. While his 

rendition of the Laurens Peninsula is somewhat distorted, and Big Ben is misplaced, the map is otherwise 

amazingly accurate. Scholes listed the elevation of Mawson Peak as 9005 ft.; the current measurement is 9006 

ft. This is the first map to show a lagoon at Spit Bay; the lagoon would persist for about 50 years. 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 3.12 ANARE map 1947 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.11 ANARE expedition map 1947.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.12 14 Men Scholes map.jpg
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In 1948, only one year after the first ANARE, the Australian Antarctic Division (AAD) issued a 

thoroughly modern map, including names, details of glaciers, and a curve of hydrographic sounds around the 

island. It also included the lagoon on Spit Point and a very tiny Winston Lagoon. In the next 50 years, several 

other lagoons would be created as major glaciers melted: Compton Lagoon, Brown Lagoon, Stephenson 

Lagoon, and a much-expanded Winston Lagoon. All these are on the east side of Heard Island, and all are 

being opened to the sea as the pounding surf tears away the terminal moraines that enclose the lagoons.  

 
 

 
FIG. 3.13 ANARE map 1948 

 
This map was used by Max Downes to construct a map of the bird populations on Heard Island. That map 

was issued in 1951. Downes’ bird map is reproduced in Chapter 26. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.13 Australia-Tasmania 2020 iPHone IMG_1979 proc proc.jpg
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In his documentary book Twelve Came Back, which describes the 1952 ANARE expedition, author Peter 

Lancaster Brown includes a sketch map (FIG. 3.14) that shows the lagoon at Spit Bay. This feature (the 

lagoon) continued to be shown on maps over the next fifty years, but around 1990 it disappeared.  

 

 
FIG. 3.14 ANARE map 1952 

 
FIG. 3.15 shows the ANARE map for 1953. Note that the outline and contours of this map and the 

preceding one are identical, but the latter is obviously redrawn. Note also that the Spit Bay lagoon is still 

showing in this map.  

 

 
FIG. 3.15 ANARE map 1953 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.14 ANARE map 1952 crop proc.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.15 Australia-Tasmania 2020 iPHone IMG_1595 rectified proc.jpg
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Geologic maps 1993-2021 
 

FIG 3.16 shows basic geologic maps of Heard Island from1993 and 1994. Of special interest is the 

Drygalski Formation (marked with stippling) because it contains fossiliferous limestone. On this map, it is 

dated as Pleistocene. Note that the Spit Bay lagoon has disappeared.  

 
 

 

 
FIG. 3.16 Basic geologic maps. (Upper) 1993. (Lower) 1994. The color of the lagoons was added by the author. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.16 (Lower) HI Geology from HIMI MAnagement Plan 2005 crop color.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.17 (Upper) Clip_27.jpg
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FIG. 3.17 Geologic maps. (Upper) Simplified map 1998. (Lower) Moraine/coastal deposits and the Big Ben 

Series 2005. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.17 (Upper) Clip_27.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.18 (Lower) Barling_streams_01 proc flat w1024.jpg
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After more than a decade, it became clear that an update of the geologic map of Heard Island was 

necessary. Jodi Fox and collaborators (Fox, et al, 2021) combined all available data (including photographs 

and samples from the 2016 Cordell Expedition) to produce detailed maps, shown in FIG. 3.18 and FIG. 3.19.  

 

 
FIG. 3.18 [Original caption from the publication: Fox, et al., 2021, by permission]: Geological map of Heard 

Island. Recent lava locations do not include all lavas observed in the last 20 years as most are now obscured by 
the 2015 lava. The location of the Mawson Peak crater is ephemeral, sometimes not present at all, sometimes 

forming a fissure-like structure across the peak (2007 and 2016) or a circular crater (1986/1987 and 
2014/2015). The summit cone is typically covered by snow but is sometimes exposed during eruptions. BBS, 
Big Ben Series. LPS, Laurens Peninsula Series. 

40
Ar/

39
Ar ages in red are from Duncan et al. (2016b). Geological 

cross section A–B. Black square indicates the location of Fig. 3. Geographic data provided by the Australian 
Antarctic Division Data Centre. 

 
 
  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.18 Geological map HI Jodi Fox Fig. 2.jpg
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FIG. 3.19  [Original caption from the publication: Fox, et al., 2021, by permission]: Geology of Laurens 

Peninsula. Black circles indicate locations of samples selected for 
40

Ar/
39

Ar dating. The previously unnamed 
faults are named as part of this study. Fault locations are approximate. Cross section C–D. There is 300–400 m 

of uplift associated with Olsen Fault. No vertical exaggeration. LPS, Laurens Peninsula Series 
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Specialty maps 
 

Geological cross section 

 

 

 
FIG. 3.20 Geologic cross-sections of Heard Island 2000. (Upper) Paleolake altitudes, in relation to the 

Stephenson Glacier/Lagoon. (Lower) Geologic section of a beachfront cliff at the Stephenson Glacier/Lagoon. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.20 (Upper) Kiernan paleo cropping.jpg
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Glaciers 

 
Over the past three decades, the glaciers on Heard Island have been melting at unprecedented rates. FIG. 

3.21 shows that in 1990 there were 9 tidewater glaciers, most on the north and west sides of the island, and 12 

inland glaciers, most on the south and east side (see inset). 

 

 
FIG. 3.21 Glacier map ca. 1990 

 
This 1999 map (FIG. 3.22) shows the extent to which most of the glaciers have shrunk in the preceding 

decade. All the glaciers have become shorter and narrower.  

 

 
FIG. 3.22 Glaciated areas 1999 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.21 0731px-Heard_Island Wikipedia full res crop white.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.22 AAD Map 1999 proc proc proc.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.21 (inset) 731px-Heard_Island Wikipedia full res crop white west-east.jpg
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Geomorphology 

 
FIG. 3.23 shows a GIS (Graphic Information System) plot of the glaciers, plus snow, rocks, and several 

other exposures that are extremely small on the scale of this map. The red trace shows the glacier boundaries 

in 1986-1988. 

 
FIG. 3.23 Locations of artifacts on Heard Island. Key: Ovals: Sites at which artifacts were found; Tan: Heard 

Island glaciers pre-1947; Red: Glacier boundaries 1986-87; Pink=Snow; Black=Rock exposures. 
 

FIG. 3.24 shows a GIS plot (ca. 2000) of rocks, glaciers, lagoons, and snow on the eastern side of Heard 

Island. 

 

 
FIG. 3.24 Geomorphic features of the eastern half of Heard Island, around 2000. Key: Red=rocks. Dot 

pattern=glacier. Light blue=lagoon. Pink=snow. Green=vegetation. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.23 Glacier snow rock 1947 1986 GIS crop redline.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.24 Glaciers lagoons snow 2000 GIS crop.jpg
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Lakes and vegetation 

 
Although this map looks a lot like FIG. 3.18–3.19 (geology), it is in fact a map of the features on Heard 

Island, including the lakes and vegetation. This 2004 map made use of 2003 Quickbird (satellite) imagery. 

Surprisingly the Spit Bay lagoon reappears in this map, under the name Scholes Lagoon (Green and 

Woehler). 

 

 
FIG. 3.25 Lakes and vegetation 2003-04 

 

Offshore bathymetry 

 
FIG. 3.26 shows the nearshore water off the island that was not surveyed as of ca. 1990.  

 

 
FIG. 3.26 Offshore bathymetry. ca. 1990 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.25 Southern Sentinel map proc.jpg
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Birds 

 
In 2000/01 and 2003/04, Eric Woehler from the AAD made extensive surveys of birds, on many ice-free 

areas. As Downes had done in 1951, Woehler overlaid individual locations on an existing chart (FIG. 3.27).  

 

 

 
FIG. 3.27 Bird map 2002. The positions of the observations were determined by GPS; they are marked on the 
chart with icons. (Upper) Heard Island map with an overlay of birds and other features. (Lower) Detail of the 

map with positions marked with icons. 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.27 AAD Map 2000-2003 marked.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.27 (Expanded) HI_AZ_02 detail.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.27 (Detail) AAD Science projects 2000-03 clip crop crop.jpg
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Spit Bay 

 
FIG. 3.28 shows a detailed geologic/topographic/biologic map of the eastern side of Heard Island, out to 

Elephant Spit (not shown). This map was made in 2001. Among the greatest changes since then are the 

melting of the extended Stephenson Glacier and the creation in its place the Stephenson Lagoon (c.f., FIG. 

3.22).  

 

 
 

FIG. 3.28 Combination geologic/topographic/biologic map of the eastern side of Heard Island 2001. (Above) 
The eastern half of Heard Island. (Below) Detail of Stephenson Glacier (now Stephenson Lagoon) area. 

 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.28 (Upper) AAD_2001 crop rectangle.jpg
file:///L:/PICs_Chapter_3_Maps/FIG. 3.28 (Lower) AAD_2001 crop crop.jpg
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Azorella Peninsula 

 
As part of its management role, the AAD issued several maps delineating several designations of defined 

usage areas on Heard Island. Restrictions on access in most parts of the island have sharply increased since 

2000. FIG. 3.29 shows the map of the Azorella Peninsula, the Nullarbor, and Atlas Cove. According to this 

plan, visitors are only allowed to be within the area marked yellow. Restrictions were based on the 

distribution of wildlife, in turn based on Woehler’s surveys. 

 

 
FIG. 3.29 Management Plan map for Azorella Peninsula, including the ANARE station site (ruins) 2005 

  

file:///L:/PICs_Chapter_3_Maps/FIG. 3.29 Atlas Cove 2.jpg
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SECTION 2 HISTORY 
 

Chapter 4 Events 
 

Chronology 
 

In this chapter, “events” means human events, not events such as major storms, volcanic eruptions, or the 

movement of birds and seals with the seasons. With this constraint, FIG. 4.1 shows most of the major events 

over the past two centuries. 

 

 
FIG. 4.1 Chronology of the most significant events involving Heard Island 1850-2020 

 
An interesting aspect of the chronology is the spacing (in years) between major events. From roughly 1850 

to 1950 (ANARE) the events were spaced 20-25 years apart– one human generation. After 1950 they are 

spaced roughly 10 years apart. While there is some bunching around 2000, it is expected that, due to increased 

restrictions on visits, the frequency of visits will decrease. In Chapter 36 we argue that within the next 

hundred years Heard Island probably will be visited only once per century, and then under increasing 

restrictions.  

There is considerable documentation about the Heard Island events, although it is in various repositories, 

including the Australian National Library (Melbourne), the Australian National Archives (Melbourne, Hobart 

Tasmania), and others. Probably by far, the largest collection of scientific- and management-related 

information, and the associated events, is at the headquarters of the Australian Antarctic Division (AAD)  in 

Kingston, Tasmanian (near Hobart). A significant amount of scientific records and experiences is in the 

records and faculty of the University of Tasmania in Sandy Bay, part of Hobart, Tasmania. One of the most 

valuable sources is the paper by Max Downes (2002): First visitors to Heard Island.  

The most significant events in the past 200 years are: 

 
 25 Nov 1853  Discovery by John Heard 
 1855  First landing by Erasmus Darwin Rogers 
 26 Dec 1947  Transfer from UK to Australia, and first landing by the ANARE 
 25 Jan 1965  First summiting of Big Ben 
 2000, 2003  Extensive surveys, documentation, conservation, cleanup by the AAD 

 

In Chapter 36 we make some (provisional and guarded!) predictions for future changes and events, based 

on expected changes worldwide and the expected procedures of countries toward their territories.  

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.1 Chronology 1 short-term.jpg
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The 1980 AAD Technical Report 31 

 
A succinct history of Heard Island up to about 1980 was included in the AAD Report of the 1980 

Expedition. That document provides a wealth of details, not only of the 1980 expedition, but also of the 

history of Heard Island, including the names of all the people who were participants in visits to the island. It is 

sensible to simply include the historical review from that document here. With the advantage of 40 years of 

hindsight and numerous alternative sources of information, the author has inserted a few corrections and 

addenda.  

 
Heard Island was first sighted by the British 

sealer Peter Kemp, master of the brig Magnet on 27 
November 1833 whilst on a voyage from Iles 
Kerguelen to the Antarctic. In 1849 it was 
rediscovered by Thomas Long, master of the 
American whaling ship Charles Carroll, who reported 
he had seen land from the masthead while whaling 
south of Iles Kerguelen. Neither of these sightings 
was published, and the island was later named after 
Captain Heard, master of the American bark Oriental, 
who sighted the island on 25 Nov 1853 during a great 
circle voyage from Boston to Melbourne. [Heard 
simply named the island after himself]. 

The first landing on Heard Island was made in 
March 1855 by Captain Darwin Rogers of the 
Corinthian, the first of many New England seamen to 
exploit the seals. He took 400 barrels of elephant 
seal oil for his employers, who quickly dispatched 
another vessel, the Laurens, to join Rogers with four 
tenders - Atlas, Exile, Franklin, and Mechanic. The 
island was explored, the principal headlands and 
bays named, and some 3000 barrels of elephant seal 
oil [were] taken. 

Although the riches of Heard Island was a 
jealously guarded secret, sealing camps became 
established on most beaches along the northeast 
coast. In 1858 the American monopoly was broken by Dr. W. L. Crowther, owner of a large 
whaling fleet in Hobart, [Tasmania] when he dispatched Captain Robinson in the Offley, who 
landed on Heard Island on 29 Oct 1858. The impact of uncontrolled slaughter of the seals 
was quick, and within twenty years they were completely exterminated. In 1874 when Sir 
George Nares landed from the Challenger, the industry was in decline and by 1880 the island 
was abandoned. H. N. Moseley, naturalist with the Challenger expedition, published the first 
scientific report on Heard Island in 1879, including comments on interviews with the sealers 
ashore. 

In 1902, Baron Erich von Drygalski, leader of the German Gauss expedition to Antarctica, 
called briefly at the island and compiled further scientific reports. In 1908 the British Colonial 
Office received an inquiry from the Norwegian Government about the sovereignty of Heard 
Island for whaling purposes. The Colonial Office granted an option to the Sandefjord Whaling 
Company in 1910 to occupy the island for three years under exclusive license. However, that 
company made a private agreement with the South African Whaling Company to send a 
whaling reconnaissance to the island and share the license. An expedition was dispatched 
from Durban in the factory-ship Mangoro under Captain A. Eversen, who hoisted the British 
flag on Heard Island on 25 March 1910.  

In October 1926 a whaling license was granted by the British Colonial Office to a South 
African firm– the Kerguelen Sealing and Whaling Company– and in 1929 [1928?] one of the 
company whalers– the Kildalkey– erected a visual navigational beacon and a hut at Atlas Cove 

FIG. 4.2 Report of the 1980 ANARE 
expedition 

file:///L:/PICs_Chapter_4_Events/FIG. 4.2 1980 expedition report.jpg
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and hoisted the British flag. This ship made six visits to the island that year. That year also 
the French geologist G. Aubert de la Rüe and his wife landed there for eight days [in January 
1929– RWS] to study geology. In November 1929 Sir Douglas Mawson's BANZARE Expedition, 
aboard the Discovery II, spent seven days on the island and carried out a short program of 
scientific research. 

Early in 1947, following the appointment `of an Australian Antarctic Planning Committee 
and discussions with the British Government, it was decided to establish a research station 
at Heard Island. The Heard Island Expedition [formally known as the Australian National 
Antarctic Research Expedition, or ANARE] left Australia on 28 November 1947 in the World 
War II landing craft LST-3501– renamed HMAS Labuan– and arrived at Heard Island on 12 
December. On 26 December the Australian flag was raised and the island formally annexed. 

Following an exchange of notes between the United Kingdom and Australia on 19 
December 1950, the sovereignty of Heard Island was transferred from Great Britain to 
Australia. In 1953 the Australian Government enacted formal measures providing for the 
government of Heard Island and its outliers, the McDonald Islands. 

The ANARE station was occupied for meteorological and other scientific research for 
seven years, from 1948 to 1954, by a party averaging 14 men. … In July 1950, the ship HMAS 
Australia made a mercy dash to the island to repatriate a sick medical officer. The Labuan 
was replaced in 1952 and 1953 by the chartered Norwegian whaler MV Tottan and this in 
turn by the MV Kista Dan in 1954. The base was closed on 8 March 1955, following the 
establishment of Mawson station on the Antarctic mainland. 

Several brief visits have since been made by ANARE ships returning from relief voyages 
to Antarctic stations, to check the condition of the Atlas Cove base. In 1963, an ANARE party 
spent six weeks on the island and made an unsuccessful attempt to climb to the summit of 
Big Ben. In the summer of 1965, a private scientific and mountaineering expedition sailed 
from Australia in the auxiliary schooner Patanela, and a five-man climbing party reached the 
summit of Mawson Peak on Big Ben on 25 January 1965. 

In March 1969, an ANARE party from the USCG Cutter Southwind made a biological and 
glaciological reconnaissance of the north coast, from Spit Bay to Red Island, while an 
American survey party was being established at the Atlas Cove station. The American party 
and a subsequent relief party occupied the station until April 1970 as part of the PAGEOS 
satellite observation program. In 1971, a combined French-Australian expedition from the 
French ship Gallieni spent the summer based at Atlas Cove making geophysical and auroral 
observations.  

On 1 November 1979, the Australian Government declared a 200 nautical mile fishing 
zone around Australia and its Territories; this included the Territory of Heard Island and 
McDonald Islands. 

– – 1980 AAD Technical Report 31 
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The Keage thesis 

 
Another very valuable source of information about the history of Heard Island and the McDonalds Islands 

is the 1981 master’s thesis of Peter Lawson Keage. [Keage, 1981]. In the Abstract of his thesis, Keage makes 

the following statement: 

 
As the last unspoilt unit representative of the Subantarctic biome, Heard Island and the 

McDonald Islands are of outstanding universal value. They contain unique natural features of 
exceptional beauty and host habitats of rare and endangered plant and animal species.  

With the cessation of sealing on Heard Island in the early 1900s, extreme geographic 
isolation and severity of climate have deterred visitors. The Islands are now experiencing 
increasing popularity and legal protection of the nature. However, conservation measures 
which can be considered to apply to the Islands are [still] insufficient to ensure continuation 
of their biological integrity. 

– – Keage, Thesis 

 
Keage’s thesis is more than a review of the “nature” of Heard Island and the McDonald Islands. He writes: 

“It is concluded that the conservation status of the Islands is delicately balanced and that steps need to be 

taken as a matter of extreme urgency, to upgrade legal controls to facilitate their future protection.” He is 

presenting more than a review; he is setting the basis for an ambitious governmental action to protect the 

islands. “The purpose of this document is to establish the significance of HI&McDIs as Australian Territory; 

it provides background information and attempts to steer a course towards ways and means of upgrading 

nature protection and conservation measures for the Islands.”  

Keage provides a chronology of visits to Heard Island 1833-1981.  

 
In the period from discovery in 1833 to 1880, close to 100 voyages to Heard Island are 

registered from American ports alone and logs kept by whale and merchantier shipping, and 
the diaries of the sealers on "Desolation Island" (a name shared by Iles Kerguelen and Heard 
Island), are the primary sources of historical information. 

– – Keage, Thesis, p. 8 

 
Once the seals were near extinction, the visits became more scientific: 

 
The first scientific observations on Heard Island were made well after the peak of 

sealing. In 1874, H.M.S. “Challenger” landed a small party of scientists at Atlas Cove for a few 
hours to make geological and botanical collections … In 1902, a visit to Heard Island by Baron 
E. Von Drygalski on the vessel "Gauss" considerably increased scientific knowledge of the 
Island … Subsequent visits by scientists were made in 1929 by the French geologist E. Aubert 
de la Rüe and the 1929 voyage under the aegis of the British Australian and New Zealand 
Antarctic Research Expedition (BANZARE) led by Sir Douglas Mawson. 

– – Keage, Thesis 

 
A similar chronology was provided by Green (2006).  
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Dr. Grahame Budd, probably the most experienced Heard Island explorer, provided a chronology (Private 

communication), reproduced partially here. In a few places an insertion, and an extension beyond 1971, have 

been made where appropriate.  

 
Table 4.1 Grahame Budd’s Chronology of Heard Island (edited slightly) 

1853 Discovery by John Heard 

1855 First landing by Rodgers 

1855 – 1877 Continuous intensive sealing 

1855 - 1882 Disasters: 14 vessels wrecked at Heard Island, 30 deaths on the island, 5 frozen on 
shore, 5 lost in surf, 30 men lost at sea 

1874 – 1929 Four brief scientific visits: 1874: Nares in Challenger, 1902: Aubert de la Rüe in 
Kildalkey, 1929 (November): Mawson’s BANZARE in Discovery. 

1902 Scientific survey by Erich von Drygalski on the Gauss 

1907 – 1930 Intermittent sealing 

1910, 1926 British Colonial Office issues licenses for sealing and whaling 

1910, 1929 British flag hoisted 

1947 - 1955 Continuous occupation by 7 wintering parties, each of 9 - 14 men for 12 - 14 months 

1947 Australian flag hoisted 

1948 Building the station, Meteorology, radio, cosmic rays and aurora, Biology general 
survey, Topographic and geological survey, glaciology 

1949 Marine biology, hydrology, & plankton biological survey as far as Spit Bay, failed 
attempts to reach Long Beach, Elephant seal branding, bird banding 

1950 Elephant seal biology, Elephant seal census as far as Spit Bay, Elephant seal branding, 
bird banding, breeding and training dog teams 

1951 Sovereignty transferred from Britain to Australia 

1952 Deaths of Richard Hoseason and Alastair Forbes 

1954 Second circuit of Heard Island: Baseline observations of whole-island glaciers, king 
penguins, fur seals, lava flows from Mawson Peak, Long Beach route to the summit of 
Big Ben, New colony of Black-browed Albatross 

1955 ANARE station closed 

1963 - 71 Four summer expeditions: 3 - 6 men ashore for 1 - 6 weeks. Four Bays Area, Cape 
Gazert, Laurens Peninsula, Red Island, Remainder of Heard Island. Main aims: Ascent of 
Mawson Peak, broad scientific programs, record the progress of the remarkable 
changes discovered in 1963. Land on hitherto unvisited McDonald Islands 

1965 South Indian Ocean Expedition to Heard Island (SIOEHI). First private expedition since. 
the 1965 summiting of Big Ben 

1969 United States - Australian satellite observation expedition 

1971 French-Australian expedition. Third circuit of Heard Island 

1980 Survey expedition on the Cape Pillar 

1983 Simultaneous expeditions Anaconda, Cheynes II. Radio and summiting 

1986-1988 Ambitious scientific expedition, including archaeology 

1992-1993 Wintering party 

1997 1
st

 Cordell Expedition (VKØIR radio) 

2000/01, 2003/04 ANARE multipurpose expeditions 

2012 Tourist visit 

2016 2
nd

 Cordell Expedition (VKØEK radio and scientific)  

 
Budd summed up the achievements of the ANARE period: 

 
 Dynamic island – retreating glaciers, eroding coastline, active volcanoes, 

expanding populations of fur seals and king penguins 
 All this in a pristine ecosystem, undamaged by human activities 
 Pioneering role in Australia’s modern Antarctic work. 
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Historic images of the island 
 

Sketches 1854-1855 

 
FIG. 4.3 shows the earliest sketches known of Heard Island. 

 

 

 
FIG. 4.3 Views of Heard Island during the sealing period. (Upper) [Original caption] Sketch of Heard Island by 

James S. Hutton, master of the ship Earl of Eglinton, 1 Dec 1854. Hutton wrote: “A large conical mountain, 
resembling the Peak of Pico in the Western Isles, was on its south end, and a flat tableland, about the height 
and appearance of Table Mountain in the Cape Colony, and as seen from Table Bay.” This suggests Mawson 

Peak and Big Ben as seen from north of Spit Bay, with Shag Island and Sail Rock on the right. (Lower) Sketch of 
Heard Island, from Illust. London News, 31 Mar 1855. The author of this sketch is unknown.  

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.3 (Upper) Hutton sketch 1854 proc proc crop BW.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.3 (Lower) Hutton sketch 1855 marked.jpg
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1853-1877 Sealing 

 
In 1884 Fletcher described sealing techniques: 

 
Another method of operation was for a sealing vessel to land men on shore to 

accumulate barrels of oil, while the ship returned to port. Months later, the ship would 
return to relieve them and take off the stored seal oil. In the meantime, the Spartans left on 
shore lived in rough, semi-underground dugouts, working under the most appalling 
conditions. Occasionally, ships missed a relief voyage and the sealers were marooned for 
another year. Food was plentiful. Fresh meat was derived from penguins and seals and their 
blubber provided oil for cooking and lamps. Eggs were available during the penguins' 
breeding season. Sealers, surprisingly, survived the terrible winter months and usually had 
large quantities of oil and seal pelts ready for transshipment to the relief vessel when it 
finally arrived. 

– – Sealers’ life Harold Fletcher, 1984, p. 90 

 

 

 

 
FIG. 4.4 The Antarctic Sea-
Elephant Fishery. (Above) 

[Original caption] “Stripping 
blubber and rolling it in barrels 
to try-works, Southwest Beach, 

‘Herd’s Island’”.  (Left) Detail 
drawn by H. W. Elliott, after 

Capt. H. C. Chester. ( Wikimedia 
Commons). 

 

 
 

 

file:///L:/PICs_Chapter_4_Events/FIG. 4.4 (Upper) Adam_IMG_1586 crop.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.4 (Lower) Blubber strpping detail.jpg
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The Heritage Management Plan provides some interesting facts about the sealing period: 

 
It is a current conclusion that the seal population declined until around 1880 to about a 

third of its original size. The population then recovered. It is estimated that southern 
elephant seals numbered approximately 139,300 between 1849 and 1855, a similar figure to 
the pre-sealing population (Pike 1999).  

Contrary to a common perception in ANARE publications that seal harvesting ceased in 
the 1880s because of a lack of resources, it is now thought that sealing ceased because there 
was a drop in demand for seal oil. By the 1880s there was an alternative cheaper form of 
lamp oil for lighting and reticulated gas was taking over in urban areas ...  

 
Several rather skillful drawings appeared that depict a sea elephant fishery. FIG. 4.5 shows a painting 

from around 1858.  

 

 
FIG. 4.5 Colored illustration of a sealing station in 1858. A pencil sketch version is shown in FIG. 4.6. 

 
FIG. 4.6 shows a pencil sketch (presumably the original from which the color painting in FIG. 4.5 was 

made). The (lower) set of details show portions of this sketch.  

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.5 Sealing clarity reframed.jpg


 

Chapter 4 EVENTS ⃝ Page 89 

 

 
FIG. 4.6 (Upper) Pencil sketch by W.T. Peters entitled “View at Hurd’s Island with schooner Eliza Jane dragging 

her anchors” ca. 1857-59. (Downes, courtesy of the New London County Historical Society). (Lower) Details. 

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.6 (Upper) Heard Island sealers map 1880 1 crop crop proc.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.6 (Lower) Peters Jurds Island sealing details.jpg
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FIG. 4.7 shows another sketch of a sea elephant fishery, this one in 1887. The center legend (at the 

bottom) is “Working the northeast point of Herd’s Island.” The legends at the bottom edge of the sketch (just 

below the water) and above the title are: “Sea Elephants padding…/Sand Spit Point…Men knocking 

down…Try works and Living Supply…Iceberg Glacier…’Old Ben’ Mt…Tender at Anchor.” According to 

Keage (1981), the origin of the illustration is thought to be from the publication by A. H. Clark, 1887: The 

Antarctic Fur-Seal and Sea-Elephant Industries, In: Industries of the United States 11(18). Washington, DC.  

 

 
FIG. 4.7 Sketch of a sea-elephant fishery 

 

Two details of this figure are shown in FIG. 4.8. 

 

 

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.7 1887 Henry Wood Elliott proc crop mod framed alt.jpg
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FIG. 4.8 Details of FIG. 4.7 

 
  

file:///L:/PICs_Chapter_4_Events/FIG. 4.8 (Upper) 1887 Henry Wood Elliott proc detail 1.jpg
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The HMS Challenger 1874 expedition 

 
The Challenger was on a scientific mission; sketches weren’t pictures– they were data. From the very 

complete reports of the expedition, we have numerous such sketches. FIG. 4.9 and FIG. 4.10 show two such 

sketches; modern photographs of these views are shown in Chapter 7. 

 
FIG. 4.9 Sketch from the HMS Challenger 1874. [Original caption] “ … from a sketch by Mr. Buchanan, 

represents the mountainous promontory forming the northwestern end of the island. The top of the mountain 
was enveloped in clouds, below which the greater parts of its sides were covered by a glacier descending to 
the edge of the precipitous rock cliffs, over which the ice masses fell thundering. The sketch was taken from 

the shoulder of a red conical hill against which the ice, descending from the main mountain of the island to the 
sea, splits and passes on both sides of it.” [The feature is now named Mt. Aubert de la Rüe (see Chapter 7).] 

 

  
FIG. 4.10 Sketch of Heard Island from HMS Challenger 1874.  

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.9 Sketch Challenger 1 crop marked 1874.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.10 Whiskey Bay from Challenger 1874 marked.jpg
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FIG. 4.11 shows three additional sketches from the late 19
th
 Century. 

 

 

 

 
FIG. 4.11 (Top) Glacier, Corinthian Bay, Heard Island, as seen from H.M.S. Challenger, 6

th
 Feb 1874. (Middle) 

Whiskey Bay, including tidewater glaciers 1874. (Bottom) Sketch of Big Ben emphasizing the common low 
clouds. 1882.  

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.11 (Top) Sketch Challenger 2 crop marked 1874.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.11 (Middle) Whiskey Bay from Challenger 1874 (2) marked.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.11 (Bottom) View-of-Heard-Island-1882--2nd-Slice-1-Slice-3 proc adj cleaned marked 1882.jpg
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Murray (1885) gives the following description: 
 
When the Challenger paid a short visit to Heard Island in 1874, a small party of sealers 

was encountered; some 40 sealers were resident on the island, distributed along the coast. 
At Corinthian Bay six men were living in huts sunk in the ground, partly to protect them 
against the strong westerly winds, which blows through the gap separating the mountain in 
the northwest promontory from the main mountain, with much violence, and partly as 
warmth, as in winter they cover them with snow. They had a good stock of food and supplies 
of all kinds, the ground in the vicinity of their huts being strewn with casks, tanks, sledges, 
handcarts, and old pots. They varied their diet with salt beef, etc., and with penguins, which 
they looked on as an excellent food. For fuel they used the skin and fat of the Penguin.  

 

Rescue of the Trinity 1882 

 
On 17 Oct 1880, one of the last sealing expeditions to Heard Island, the 400-ton Trinity, skippered by John 

L. Williams, arrived at Spit Bay. Just as unloading had begun, a gale drove the ship on a steep beach and she 

was wrecked, marooning the crew. All the men and the most essential supplies were saved before the ship 

was completely lost and the marooned men took shelter in the existing sealer huts there, living on their 

salvaged provisions and what they could hunt on the land. During the winter, two men died, frozen to death 

while searching for food, while everyone else suffered from inadequate clothing and scarcity of food. 

When the Trinity didn’t return after eighteen months, its fate became a matter of public concern and the 

U.S. corvette Marion (Capt. Silas W. Perry) was ordered to search for them. On 12 January 1882, the Marion 

sighted the McDonald Islands and at 4 PM that afternoon, Heard Island. Approaching the island from the 

south, they steamed carefully around the breakers off Spit Point and anchored in the bay there in the evening. 

They had seen a party of men on the shore, and as the ship anchored, the men built a fire to attract the ship. 

Two days later they took the marooned men on board, and the next day rescued four men marooned at 

Corinthian Bay. Eventually, the Marion took all the men to Cape Town.  

During the brief stay on Heard Island, Ensign W. I. Chambers made changes to the Heard Island map that 

had been made by the Challenger. They also sketched seven views of the island and tinted them with 

watercolors. (The views and map are now filed in the Cartographic and Architectural Records Division of the 

National Archives, 135, p. 252. Courtesy, Joan Boothe 2019. MS p. 44) (Chambers, 1883).  

 

 
FIG. 4.12 Rescue of the castaway crew of the Trinity from Heard Island by the Marion, 1883 
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ANARE 1947 
 

Landing operations 

 
For a full-fledged government operation, there was a seemingly tragic flaw: The only map they had of 

Heard Island was one from 1875, 72 years earlier! Perhaps it didn’t matter so much, because once you found 

Heard Island, there were precious few options for landing. By great good fortune, Atlas Cove consists of a 

long, relatively narrow causeway called Atlas Roads, ending in a spectacular crescent cove with an 

extraordinarily gentle slope to a beautiful sand beach. Landing there was, shall we say, easy– so long as the 

wind wasn’t blowing and the beach flooding (which was a good part of the time).  

Despite these anticipated advantages, the first landing in 1947 proved arduous owing to bad weather and 

the necessity to drag heavy equipment from the beached LAST (LAnding Ship Tank) or from the barges at 

the Atlas Cove beach to the camp site. 

Photographer David Eastman shot movies of the landing, including the men who would help build the 

ANARE station and who would be among the first crew to spend a year at the station. FIG. 4.13 shows 

portraits taken from that film. Identifications of the men are very tentative, done based on resemblance to 

other photographs (FIG. 4.16 and FIG. 4.17).  

 

  
FIG. 4.13 Four of the men who landed in 1947, helped set up the ANARE station and spent the following year 
there. (Upper left) Aubry V. Gotley, Meteorologist; (Upper right) Lem Marcy, Senior Radio Operator; (Lower 
left) Fred J. Jacka, Physicist; (Lower right) Arthur W. Scholes, Radio Operator. Tentative identifications were 

made by the author by comparing these photographs with others showing the men of the 1947 ANARE 
station. 
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Chapter 4 EVENTS ⃝ Page 96 

 
 

 

 

 
FIG. 4.14 Unloading the matériel for the ANARE station December 1947. The D4 bulldozer was abandoned on 
the island in 1955, and since then has been one of the enduring sights universally photographed by visitors.  
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Station construction  

 

 

 

  
FIG. 4.15 Initial construction of the ANARE station 1947. (Top) An early stage of construction of the sleeping 

quarters. (Middle) Mixing concrete.  (Bottom) Stacks of supplies.  
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Raising the flag 

 

 

 
FIG. 4.16 Raising the (Australian) flag 26 Dec 1947. Both pictures looking east. (Upper) Anticipating the raising. 

This picture shows the Admiralty Hut at left. The actual location of the hut and the flagpole is seen in FIG. 5. 
(Lower) Cheering the raised flag. 

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.16 (Upper) Australia-Tasmania 2020 iPHone IMG_2001 dated 1947 BW.jpg
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The Fourteen Men 

 

 
FIG. 4.17 The crew of the 1947 ANARE station. (Left to right) A. R. "Doc" Gilchrist, Medical Officer; Robert 
(Bob) Dovers, Surveyor; A. Norm Jones, Cook; Alan Campbell-Drury, Radio Operator, Photographer; A. Jim 

Lambeth, Geologist; A. T. "Shorty" Carroll, Observer; Arthur W. Scholes, Radio Operator; Keith W. York, 
Radiosonde Operator; Aubry V. Gotley, Meteorologist; Jo E. Jelbart, Physicist; Johnny Abbottsmith, Engineer; 

Fred J. Jacka, Physicist; L. E. "Lem" Marcy, Senior Radio Operator; G. S. "Swampy" Compton, Assistant 
Surveyor-Geologist. 

 

 
FIG. 4.18 Some of the men at the ANARE station 1948. Tentative identifications, done by comparing with the 
1947 picture (above). (Left to right) Gilchrist, Jelbart, Carroll, Marcy, Campbell-Drury, Scholes, Compton. The 
men are standing next to the Admiralty Hut, the door of which can be seen at the extreme right. It is believed 

that the rocks in the background were eventually removed by the bulldozer. 
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The Walrus aircraft 

 
A Vickers Supermarine Walrus amphibian aircraft (number D-874) was taken to Heard Island in 1947 for 

aerial reconnaissance. The bright yellow aircraft was hoisted aboard HMAS Labuan in Sydney Harbor on 15 

October and shipped fully assembled and strongly secured to the deck. 

The ship left Melbourne on 31 October, refueled at Fremantle, and anchored off Rottnest Island where the 

Walrus was lowered into the water for a test flight (FIG. 4.19 (top)). On 28 November 1947 HMAS Labuan 

left for Heard Island, arriving on 11 December. The plane was off-loaded without incident and parked on the 

beach close to Wharf Point. (FIG. 4.19 (middle and bottom)).  

In a couple of days, they fired up the engine and taxied around in the Cove (FIG. 4.20), carrying a man on 

the upper wing (why we don’t know) (FIG. 4.21). Then, with a roar, it took off, circled the ship twice, and 

headed in the direction of Big Ben. It was gone an hour, much more than the time necessary to 

circumnavigate Big Ben. Fortunately, they came back with some photographs of Big Ben. The Walrus landed 

in the water and was pulled onto the sand at Atlas Cove, near Wharf Point, where it was tied down to concrete 

blocks.  

On 20-21 December Heard Island was lashed by strong winds. In the early hours of 21 December the 

winds tore the Walrus loose from its blocks. The plane was rolled over several times and the wings and tail 

were smashed (FIG. 4.22). There it sat, a forlorn pile of wreckage that dashed the hopes for valuable 

reconnaissance and research.  

Arthur Scholes recorded his feelings at the time: 

 
I nodded, rising to my feet. We strolled to the beach, past the wrecked plane, and along 

the “Burma Road” to Wharf Point. It was here we had struggled and toiled to get the 
equipment ashore. How I remembered those aching muscles! Looking round at the 
diminishing food pile and materials put me in a reminiscent mood. The pioneering was 
almost finished now… Yet there was something sad in the thought. Here were sacks of 
disused tent pegs, empty and battered cases, timer runners. The sunken outline of a 
damaged pontoon showed above the rippleless water. A blue-eyed shag, frightened by our 
approach, pushed out his long neck, beat the air swiftly with his wings, and flew off over the 
water.  

– – Arthur Scholes, Fourteen Men, p. 147 

 
Over the years the hull filled with wind-blown black volcanic sand. Parts were removed from the aircraft 

and used around the base. More than 30 years passed. … (FIG. 4.23).  

During the 1980 expedition to Heard Island, a request was made to recover the remains of the Walrus. The 

engine was found in the camp and the sand-filled fuselage 150 m away. As the fuselage was too heavy to 

move, as much sand as possible was dug out. The engine created no real problem for the hybrid crane on the 

LARC (Lighter, Amphibious Resupply, Cargo), but the long body required the assistance of all available 

muscle power. The LARC made a hazardous trip back to the ship with the Walrus aboard– the journey was 

made difficult by a 20-knot wind. The Walrus was lifted on board the Cape Pillar and stowed between decks. 

This awkward operation was well-handled by the ship's crew. In Fremantle, the fuselage, engine, and wing 

sections were collected at the wharf (1980 Expedition REPORT 31). Eventually, the plane was completely 

restored and now is on display at the Royal Air Force Museum at Base Point Cook, near Melbourne (FIG. 

4.24).  
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FIG. 4.19 Loading the Supermarine-Walrus-HD-874-aircraft in Perth, to be taken to Heard Island, Dec. 2017.  

 

    
FIG. 4.20 Riding the wing. In many of the photographs of the plane in motion, a person is seen on top of the 

upper wing. These pictures seem to indicate that he is doing something purposefully, perhaps 
attaching/detaching the lifting cable.  

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.19 Walrus HD 874 loading onto LST3501 Garden Island NSW 2.jpg
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FIG. 4.21 The Walrus at Wharf Point, Atlas Cove, Heard Island Dec. 1947. (Top) Landed on the beach at Atlas 

Cove. The plane is on shore inside the curve of the shoreline. (Middle) Equipment and men around the plane. 
(Bottom) Test flight. 
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FIG. 4.22 Wreckage of the Walrus. (Upper) The plane, destroyed by high winds. This occurred only a few days 

after its initial, and only, flight. (Lower) Crew examining the wreck to assess salvaging and recovery. 
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FIG. 4.23 Recovery of the Walrus 35 years after the establishment of the ANARE station. (Upper) It has been 

stripped of wings and gear, leaving it a shell. The holes on the stern seem to suggest the team might have used 
it for target practice (or perhaps just revenge?!). (Lower) Recovery of the remains in 1980. 
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FIG. 4.24 The fully restored Walrus Super Marine, now on display at the Royal Air Force Museum at Base Point 

Cook, near Melbourne. 
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The ANARE station 

 
The Australian National Antarctic Research Expeditions (ANARE) established the station at Atlas Cove 

on 11 December 1947 as a prelude to Britain’s transfer of sovereignty over the Heard Island and McDonald 

Islands (HIMI) to Australia. That event occurred on 26 December 1947 (cf., flag-raising, FIG. 4.16).  

The ship’s crew and the team of fourteen men got right to work building a small village, starting with 

refurbishing the Admiralty Hut that had been there since 1929. Eventually, some 35 buildings were erected, 

many of which were constructed from materials in Australia left over from World War II.  

In his book Fourteen Men, Arthur Scholes recounts a variety of observations and impressions: 

 
Cold 

 
Compton had unpacked the radio at the end of his trudge, only to find the set 

unserviceable. Approaching sked time, he had left the tent to signal with a torch. The cold 
proved too severe for him to stay outside. After flashing his torch to indicate that everything 
was all right, “Swampy” dived back into his sleeping bag. The trio in the tent had an 
uncomfortable beginning. The tent was suitable for only two men. The three of them could 
not stretch their legs in comfort. Tall Jim Lambeth suffered more than the others from the 
camped position. From the first night, their sleeping bags became damp. Without 
waterproof coverings, the damp leaked through to the inside. There was some consolation in 
the scenery which met their eyes when they opened the flap at sunrise. … They had an 
unrestricted view of Big Ben. The top of the great mountain was pink as the sun’s rays 
splashed the snow. Fantastic snow formations near the dome shone like red minarets and 
battlements.  (p. 159). 

 
Colors 

 
Above the camp, three tall silver pencils pointed to the sky. I counted eighteen huts. 

Fresh red paint shone on the roofs. Others were green and blue. The colors sparkled in the 
bright sun, blending pleasantly with the green of the tussocks and the grey of the 
“Nullarbor.” (p. 159). 

 
Snow and water 

 
Rain was something we forgot existed. We obtained water for the cookhouse by melting 

snow in the oil-drum stove which the engineer had made. Melting snow was the “slushee’s” 
job, and it was a tardy one, too! One morning Bob Dovers worked flat out and obtained forty 
gallons of water for the cookhouse. Ten buckets of snow produced one bucket of water, so 
there was much shoveling to be done. The process was simplicity itself. You just went 
outside the bath hut and shoveled the snow into the open drum, beneath which an oil fire 
blazed. Hot water was so plentiful on these occasions that some of the men were taking 
shower baths four or five nights a week. (p. 216). 

 
The cosmic ray hut 

 
The cosmic ray hut was finished in March. The two scientists built the roof thin and flat 

to minimize interaction of the cosmic rays with the materials of the roof and to simplify 
calculation of the magnitude of this interaction. For the same reason, the apparatus was 
elevated on cupboards above the floor and raised as near the ceiling as convenient. It was 
housed in an aluminum cabinet, five feet long and two feet high. Inside the cabinet, a 
battery of thirty-six Geiger counters detected the incoming cosmic rays. These were 
recorded by a complicated electronic circuit. The actual numbers of particles were registered 
on small mechanical counters. (p. 97). 
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FIG. 4.25 The ANARE station 1947. The buildings were brightly painted, with brilliant red roofs. These 
photographs show a rather clean and neat campsite, before the site became littered with fuel barrels, 

propane cannisters, stacked lumber, and other debris. 
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In his thesis, Geoffrey Munro made remarks that today would be of marginal appropriateness: 

 

Women 
Women were not permitted to join Expeditions at that time, presumably because the 

division feared the introduction of sexual competition and jealousy. The single-sex group 
was a cause of stress, although Dave Chaffins spoke for many when he said: “We all missed 
female company, but we would not have applied, and we’ve been unable to do without 
them.” None of the veterans interviewed recall sexual relations among the men on the 
island, but their fantasy lives at least remain intact.  

 

Radio operations  
 

All the ANARE teams carried radios with them. As critical as they were to operations, they were not 

immune to accidents. Arthur Scholes, in Fourteen Men (pp. 159, 165), documented numerous anecdotes: 

 

Dropped during landing … 

 
A few incidents occurred in which scientific equipment was damaged. Two radio 

transmitter sections were dropped during the unloading, but the damage was not 
irreparable. 

 

The radio operations were one of the essential activities. There was official traffic reporting the work of 

the camp, local communications, and some amateur radio activity mostly for fun and publicity. Munro made a 

mildly sarcastic remark about Australians: 

 

Australian accent on the radio 
 
Amateur radio offered another avenue, as hams were licensed to operate from the 

island each year. Contacts in Australia acted as mediums for expeditioners and their families. 
In a postscript to the annexation of Heard Island, a Seattle operator in 1954 greeted John 
Gore with the cry: “Say, what’s an Australian accent doing on an island that’s an American 
possession?”  

 

Calling Antarctica 
 
This was a ¼-hour program compiled especially for men of ANARE stationed in the 

Antarctic. It was broadcast over Radio Australia (Shortwave) each Friday at 8:15 p.m. on 
11.81 MHz 25.40 m, and 15.20MHz 19.74 m. If you wish to send a message or request a 
record from your friends or relations with ANARE, you contacted the compere of this 
program, Miss Jocelyn Terry, 2/203 Williams Road, South Yarra, Tel. BJ 5126. 

 
Thirty-eight-pound radio 

 
Dovers, Compton, and Lambeth went out to survey the Cape Laurens area. They made 

their first camp at 1300 feet above sea level, two-thirds of the way up Mt. Olsen. From their 
camp, they viewed the whole of Atlas Cove and both sides of the island. In addition to his 
pack and sleeping bag, Compton lugged a thirty-eight-pound walkie-talkie radio up the 
mountain. A radio sked had been arranged for 7 p.m. with base. The first night Compton did 
not come on the air. At base camp, we could see a small glimmer of light winking at us from 
the mountain top. Macey aimed the portable signal lamp in the direction of the light, but we 
could not establish communication.  
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 “The act with the walkie-talkie” 
 
About six o’clock of an evening there began “the act with the walkie-talkie.” One man 

might be using the transmitting case as a pillow or reading desk. The phones had to be 
found. The aerial was probably under a sleeping bag. Before the radio was set up the whole 
tent had been ransacked. Finally, the telescopic aerial had to be shoved through the top of 
the tent. The microphone, handset, and batteries gave endless trouble in the damp 
conditions. Sometimes the men would hear base come on the air before they were ready: 
“Base calling field party … Base calling field party. …Come in, please, over.” 

The call would last ten minutes, while the men in the tent feverishly struggled to effect 
repairs by seven o’clock– sked time. Then, when their own set was O.K., they might hear base 
go off the air! This was the final straw. The men felt like throwing the radio over the 
mountainside. The radio became more like a nuisance than a help. It was too heavy to carry 
with the other gear.  

 
Informal radio code 

 
All communication with Australia was by radio and in Morse Code. Every month the 

Australian Government allowed us 180 free words by radiotelegram. Codes were devised, 
and long messages could be sent by the transmission of two or three keywords. Some of the 
code sentences devised by the Government and recommended for our use were ludicrous. 
For example, X P L T Z O P T, when translated by the receiver would read like this: “The food 
is good…The weather is bad…I do miss you…Is grandfather well? ... The dogs howl at night… 
Love____.” Needless to say, we rarely used the official code-except perhaps for a joke.  

A special ANARE version of the five-letter Bentleigh’s Code was used for private 

communications. Some of the code groups like, YIKLA – “This is the life,” and WYSSA – “All 

my love darling,”–became part of the ANARE patois. Most private messages were called 
WYSSAs, and the “Hey I’ve got a WYSSA for you” call from the radio operator was a welcome 
one. 

– – Fred Elliott, Diary 
 

Radio transmitters were used not only for communicating with people back home, but also for the 

scientific observations (from Fourteen Men): 

 

Soundings … 
 
Soundings of humidity, upper-air pressure and temperature were taken by radio flights 

to high levels in the atmosphere. A small transmitter was sent aloft, attached to a free 
hydrogen-filled balloon. At release the balloon had a diameter of six feet. As the balloon rose 
in the air it increased in size. At 60,000 or 70,000 feet the balloon had doubled its original 
size. … The upper-air soundings were coded into the five-figure international weather code 
and radioed to Sydney with the regular observations.  

 

Hurricane-force gusts … 

 
The radio link with Marion Island, and the weather reports received from South Africa 

and occasional ships at sea, enabled close tab to be kept on the movements of the cyclones 
which originated “somewhere in the South Atlantic.” It was an unusual experience to be told 
thirty-six hours in advance that a cyclone bringing hurricane-force gusts was on the way! 
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ANARE in winter 

 

 

 
FIG. 4.26 The ANARE station in winter 1947. (Upper) The Admiralty Hut. Note the windmill in the right rear. 
(Lower) Aerial view of part of the station, looking southeast. The hospital and the adjacent Admiralty Hut 

behind it (conical roof) are marked with the red square. It is not known how this picture was taken because 
the Walrus aircraft had been wrecked. More pictures of the Admiralty Hut are shown in Chapter 5/Facilities. 
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ANARE after 1947 
 

1949 ANARE station 

 
A new crew took over the ANARE station in 1949. There was an official report, and several of the men 

kept diaries. Here is an excerpt from Robert Allison’s diary: 

 
Obtaining water 

 
Worden has erected asbestos shielding around small 2 burner stove– Met. section uses 

this for melting snow to obtain water for their hydrogen cylinders. During his absence this 
flared up and burnt part of hut wiring and blackened the surrounding wall. A pure accident. 
However, met people now obtain water from [the] Furphy in [the] engine room.  

– – Robert W. Allison, Diary 

 

1951 ANARE station 

 
It was a tradition for the ANARE crew to pose for a group picture. FIG. 4.27 shows the 1951 team. In the 

photograph of the 1947 team, only 5 of the 14 men had beards. In this 1951 photograph, all 12 of the men had 

beards. Likewise, in 1953: all 13 team members had beards.  

 

 
FIG. 4.27 The crew for the 1951 season. The original team was 14 men, but only 12 appear in this photo 

because two of the men had been killed by a storm. 
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The 1951 station  is shown in FIG. 4.28. It’s not obvious how this picture was taken; our guess is that it 

was from a radio mast. Note also the man on a ladder, lower right. The Admiralty Hut is highlighted with the 

red square. 

 

  

FIG. 4.28 The ANARE station 1951. These two views are halves of a single photograph joined in the middle. 
(Upper) The northern part of the site is centered on the dog pen. (Lower) The southern part of the site is 

centered on the working buildings. Most of the buildings are located on an area that seems surprisingly flat, 
implying that it had been bulldozed. Most of the buildings can be identified in many other photographs and 
drawings. The Admiralty Hut is indicated by the red square. Note the person on the ladder in the foregound 

lower right. 
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1952 ANARE station 

 
 Lesley Frank Gibbney, a member of the 1952 ANARE team, kept a delightfully complete and expressive 

diary. He had a penchant for writing poetry, which, for the most part, required some work to understand and 

appreciate. Much of the diary was written as a letter to his wife Aileeen. His first entries were on Monday, 

March 3, 1952 … (Gibbney, Diary, date unknown but probably Jan. 1950). 

 
The trip down 

 
I’m just thinking to myself: “Is it worthwhile to go back + give a resume of the trip down 

and the changeover? Or is it best not to rake up ghastly memories?” I suppose I’d better grit 
my teeth, be a man, and let you have it. 

The trip was dreadful. The Tottan rolled and I was sick. The changeover was dreadful. 
We worked terribly hard and I got tired. I was also sick most of the time. I missed you 
dreadfully. 

 
The team 

 
There is only one faint gleam in that bleak week (not that we had a very good day during 

which we consumed eight dozen bottles of beer, a large quantity of plonk, and one glorious 
bottle of white horse whisky which I – –   lights out 2359 caught me at this point – –   had 
smuggled on to the island against all the rules and regulations. Anyway, to cut a long story 
short: P the D [?] and his minions finally got on to the cutter at about 10 p.m. on Sunday. 
What a moment! There we were, 14 men alone on our tight little island, ready for a year of 
perils, rigors, and adventures, and with our determination strengthened by the few kind 
words just spoken by our beloved leader (Choof choof!). 

As soon as the cutter was out of sight, I announced that the morrow (Monday) would be 
a public holiday as a reward for being good boys & working so hard during the changeover. 
So here we are enjoying a beautiful bludge [verb: to avoid work or responsibility] which 
leaves me practically nothing to write about. … 

 
Workday 

 
After our bludge yesterday, we decided to do something to justify our pay. The biggest 

job was to get 150 44 gall. drums of fuel from the beach to the camp. To do the job we had a 
tractor, a sledge & our hands. The idea is to roll the drums to the sledge, heave them up on 
it, & tow the whole caboodle to the camp with the tractor. Then to unload & stack them. … 

 
Gibbney also wrote in his diary a rather flighty poem which he named “What rapacity!” For the record, 

“rapacity” means variously “reprehensible acquisitiveness,” “insatiable desire for wealth,” “extreme 

gluttony,” “aggressive greed,” or “the quality of having or showing a strong wish to take things for yourself, 

usually using unfair methods or force.” Gibbney explains his appellation to the person in his poem: 

 
The theme refers to Otto’s latest racket. On the Australia, coming down, he met one of 

the pressmen & became friendly with him. So, when he learned that his application to stay 
down here another year had been accepted, he wired his newshound friend & asked him to 
put an advert in the paper for him, requesting female pen friends. The idea is that only 
wealthy young women would consider a pen friendship at 4d per word. So far, he’s had 12 
answers– one of whom concluded with “ Oceans of love, Josie”. 
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The 1952 the ANARE team, like that of 1947, consisted of 14 men. But, as Peter Lancaster Brown was to 

write in his book Twelve Came Back, two of the men were accidentally killed on 26 May 1952: 

 
… since the beach looked absolutely safe, Hoseason and I readily agreed. Halfway 

across, a great surf caught us napping– knocking us completely over. We managed to hold on 
to the ice cliff, but a second wave caught Forbes off balance. Hoseason and I grabbed hold of 
him and held on until the water receded. … We held on to each other, but poor Hoseason 
was dragged away by the undertow-we were powerless to stop him. He shouted to us to 
save him, then I saw him disappear and we didn't see him again. … (p. 120). 

Faulkner and I carried out the post-mortem of Forbes in one of the store huts while 
others collected scraps of timber and knocked together a rude coffin … We decided to bury 
Forbes amid the undulating hills of Azorella 300 yards behind the Base. Russel, with the 
bulldozer, smashed an access road across the frozen ground and cleared the surface of 
spongy moss. Then with spade and pick and sticks of gelignite [an explosive] we excavated a 
hole to take the coffin. The ground was so hard that we could dig no further than four feet 
down. We buried him the Saturday following his death. … (p. 123). 

On August 24
th

 … I wandered over to Corinthian Bay … Bleached seal bones jutted out of 
the sand, and rotting carpets of blubber began to steam in the warm afternoon sun. The sea 
birds gathered in hundreds to dine off the newly uncovered, putrid seal fat. An unusual piece 
of stark-looking vertebrae suddenly attracted my eye … It was unmistakably human. Gently 
scooping the sand away, a rib came to light. I gave a sharp pull and more ribs followed, then 
the remnants of an arm. Strips of white flesh still adhered to some of the bones and from 
their condition the remains could not be more than a few months old. There could be no 
doubt in my mind that I had, at last, found Dick Hoseason. – – p. 163 

 
Gibbney made the grave for the two lost men. He recorded it in his diary: 

 
Wednesday January 31

st
. Continued work on the tomb & finished it off. The construction 

was as follows. First, a large packing case (2-1/2'x3'x3') was half sunk into the hummock. This 
we willed with rocks and cement. Then we put a beer case with the top & bottom knocked 
out on top & filled this in the same manner. The cross was embedded in the top box. When 
the cement sets we'll break away the boxes having the finished job. … 

 

     
FIG. 4.29 (Left) The drawing of the cross made by Gibbney. (Right) Photograph of the plaque on the graves of 

Hoseason and Forbes. 
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1953 ANARE station 

 

The team for 1953 consisted of 13 men. The same 13 men, and the dog, appear in both pictures below. 

 

 

 
FIG. 4.30 The 13 men of the 1953 ANARE station 

 
John Bechervaise Officer in Charge  Bernie Izabelle Weather Observer 

Jim Brooks Geophysicist  Dick McNair Cook 
Ken Dalziel Radio Supervisor  Cec O’Brien Radio Operator 
Fred Elliott Weather Observer  Ron Parsons Radio Operator 

Leon Fox Dog Attendant  Peter Shaw Meteorologist 
Arthur Gwynn Medical Officer  Len Welch Weather Observer 
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1953/1954 ANARE station 

 

 

 
FIG. 4.31 The ANARE station 1954. (Upper) Original photo. Note that the paint on the huts is still bright red. 

(Lower) Sketch made as tracing of the photo. The origin of these images is unknown, and the date(s) are 
ambiguous. Both the photo and the sketch were originally wider than reproduced here; they have been 

cropped to show only the area of overlap. Detailed comparison of the images (positions of the antennas, 
sewparatioin between buildings, hillocky terrain, etc.) shows unambiguously that they were recorded from 
different positions: the sketch was made from a position about 20 ft. to the left, and slightly elevated, from 

where the photograph was taken.  
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The crews that manned the ANARE station were quite aware of their historic position, and some of the 

men kept relatively complete, sometimes colorful, diaries. Here are some excerpts: 

 
First impressions 

I shall not forget my first footing on Heard lsland. A beach of black volcanic sand; the 
huge dismembered carcass of an elephant seal (killed that morning for the dogs), dozens of 
energetic black skuas flapping the air and wheeling round the flaccid red remains. The 
tractor drew us into the camp, a bewildering assortment of huts set between three great 
radio masts in the corded lava field and the black sand. The first sound of Heard Island is the 
moan of wind in wire and the howling of dogs. lt seemed terribly complicated; a grey 
settlement below low clouds; occasional large tussocks of coarse grass and moss as bleak as 
any Hebridean outpost in mid-winter. I kept thinking in the back of my mind, how will this 
look in summer? But it was summer … 

– –Hince/John Bechervaise, Diary, 21 Feb 1953 

 
Supplies 

I have been opening cases sent down years ago which have never been disturbed. They 
are mostly filled with glassware, a supply worth many pounds. Some chemicals exist in vast 

quantities–there are drums of insecticide, flagons [a large vessel used for drink] of alcohol, 
metaldehyde, and pungent unlabeled liquids. Supplies far in excess of requirements have 
been sent in the first years of the station. We should willingly exchange them for screws, 
Masonite, galvanized iron, cement, and other basic commodities.  

– – Hince/John Bechervaise, Diary, 9 June 1953 

 
Cold 

Possibly this has been the coldest day I have ever experienced; not on account of low 
temperature (which did not fall below 23°F) but the fierce, malicious wind. Hard ice clung 
tenaciously in dry patches to floors. Soap froze to dishes; nail and toothbrushes were stiff; 
the air was filled with fine gleaming crystals penetrating from undiscoverable crevices. Mats 
and towels stiffened like boards. Scarcely any water remained liquid. Even with the 
Kerotherm [a kerosene-fired hot-water system] burning, every pipe in the bathroom except 
the hot-water outlet froze solid.  

– – Hince/John Bechervaise, Diary, 29 June 1953 

 
Personal conflicts 

Little tensions sometimes broke out. Although the collection of scientific data was the 
official rationale for the Heard Island Expeditions, the confinement of an unfamiliar group in 
an alien setting was perhaps the largest experiment. The island bases were virtual social 
laboratories in which the embryonic division begins to learn about the effects of living in the 
Antarctic region 

… Expeditions usually downplayed the importance of conflict perhaps, perhaps in order 
to lessen its impact: “We had all our quarrels and bickering but I think they are best 
forgotten and not recorded.“ That attitude was reflected … by the interviewees who 
censored their testimony to avoid embarrassing the former comrades. Others … offered 
blunt, contemporary opinions. 

– – Geoffrey Munro, Thesis 
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The winter dip in morale 

All parties experienced a dip in morale in winter when daylight was restricted to around 
four hours in the middle of the day. … In August 1951 in 1953 … the station logs … began to 
acknowledge the existence of conflicts. 

Many personal conflicts were episodic but, in some cases, they proved more serious.  
The third expedition in 1950, the sixth in 1953, and the last small party in 1954 appear 

to have been free of serious public conflict. Apart from other considerations, Jim McCarthy’s 
peers agree that he was endowed with unobtrusive, yet authority of leadership skills …  

– – Geoffrey Munro, Thesis 

 
Life in action 

The outside world seemed far away. At first, we regularly gathered in the radio shack at 
night to listen to the A.B.C. or the B.B.C. overseas news broadcasts. Soon, however, the 
attendance dropped, and finally, the broadcasts went unheard; no one was interested in the 

sordid happenings of the outside world–except maybe in the announcement that Sedgeman 
had won Wimbledon for Australia. We led a complete existence on Heard Island; life was too 
real and vital to take seriously the commonplace utterings of politicians. We could walk 

outdoors to see and hear “life” in action–vigorous and untamed: the ceaseless pounding of 
the surf, the crooning of the sea leopards basking in the moonlight, and the elemental 
blizzards screaming their symphonies of hate against living matter. 

– – Fred Elliott, Diary 

 
 

1954/1955 ANARE station 

 
Closing of the station 

The ANARE station at Atlas Cove, on Heard Island, was officially closed on Wednesday, 9 
March 1955, after seven years of continuous operation. Its demise was a sacrifice to finance 
the establishment of Mawson station, the first ANARE settlement on continental Antarctica. 
The abandonment of Heard Island was strenuously resisted by the Bureau of Meteorology, 
which found data from the island extremely useful. There was also a reluctance to disrupt a 
history of continuous observations. Phil Law had no alternative but found it “a depressing 
task” after so much effort had been put into the station and associated research. The huts 
were sealed, and emergency stores, a diesel generator, stove, and radio were left in case of 
an emergency, or future occupation of the station. 

The Officer in Charge on Heard Island during 1954/1955 was medical officer Grahame 
Budd, whose association with the island and ANARE was to continue [for another 60 years!]. 
It was a matter of intense frustration to Budd, and other resident mountaineers before him, 
that it had not been possible to climb Big Ben, believed to be the highest mountain on 
Australian territory. His year on the island in 1954-55 bit deep. [A decade later, in 1965, 
Budd and his colleagues succeeded in being the first to summit Big Ben]. 

– – Tim Bowden, 2011, Aurora 
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AAD Expeditions 1956-2004 
 

Nineteen ANARE expeditions were undertaken to the HIMI between 1956 and 2004 (Green 2005a). The 

principal objective of these expeditions was scientific research in the fields of botany, geology, glaciology, 

meteorology, and zoology. Detailed geospatial and archaeological surveys were also undertaken. In his thesis, 

Keage reviews the chronology through 1981.  

 
… The first ANARE (1947) also saw the introduction of sheep to serve as a prime meat 

source, and sledging dogs to assist in travel around the island. The sheep proved 
unsatisfactory due to the severity of climate and inadequate stock feed. Sledging dogs 
proved well suited to the prevailing conditions but served little useful purpose on the island. 
Crevassed terrain made sledging hazardous and the dogs were later transferred to Antarctic 
continental stations. Sledging dog diet was based mainly on seal meat and it was not 
uncommon to supplement expedition meat supplies with seal and penguin meat.  

The continuous occupation of Heard Island by the ANARE teams increased immensely 
scientific understanding of the environment of subantarctic islands. Research contributions 
from these expeditions, as well as providing most of the scientific data collected on the 
Island, were of considerable value in testing fundamental biological principles such as the 
zonation of related avian species postulated by Murphy and as a contribution to presently 
accepted concepts such as the theory of island biogeography. 

Permanent occupation of Heard Island by ANAREs ceased in 1954/55 to enable the 
limited logistic resources available to be directed towards establishing a scientific research 
station on the Antarctic continent. Nevertheless, subsequent ANAREs to Heard Island 
occurred in 1963, 1969, 1971, and 1980.  

Between March 1969 and April 1970, a United States Army "TOPOCOM" expedition 
wintered on Heard Island, contributing to an American-sponsored worldwide research 
program to observe the passage of satellites to determine the geodetic shape of the earth.  

During the 1971 expedition, the first recorded landing was made on the McDonald 
Islands [by Grahame Budd], using a French helicopter. 

Visits were also recorded by independent expeditions to Heard Island in 1965 and 1972. 
In the first instance, the South Indian Ocean Expedition to Heard Island (SIOEHI) landed a 
party of five on the island to climb Big Ben and to undertake a multidisciplinary scientific 
survey of the Island. The party completed the first ascent of Big Ben and estimated the 
summit to be 2745 m above sea level. In 1972, the French yacht Damien visited Heard Island, 
which was the first purely tourist visit to the Island. The Antarctic cruise ship Lindblad 
Explorer visited Heard Island early in 1981 reflecting the growing awareness of the tourist 
potential of the Islands.  

Shipboard scientific research has focused on marine biology projects aimed at gaining a 
deeper understanding of the Southern Ocean ecosystem and at marine geoscientific 
investigation of the sea floor. The main platform for research was the USNS Eltanin which 
operated for a decade from 1961 conducting a systematic multi-disciplinary survey of some 
80% of the Southern Ocean between 38°S and the Antarctic continent. 
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Climbing Big Ben 
 

It was obvious: Big Ben stood there, towering above the men, busy like ants scurrying in the sand below. 

Who could resist the impulse to go up there? In fact, throughout history, tall mountains have been 

foundational in religions, both as sources of inspiration and of dread. Montserrat, Mount Athos, Mount 

Kailash, Mount Kilimanjaro, Machu Picchu, Mount Vesuvius, Mount Zion…The list is long, and worldwide. 

Moses went up Mt. Sinai and came back with the Ten Commandments, and his place in history. Mount Ararat 

provided the place for Noah and his friends to get off the water. Japan has three “Holy Mountains,” of which 

Mt. Fuji is one. Mount Kailish in Tibet is sacred to Hinduism, Jainism, Buddhism, and Bön. In case you don’t 

know the last one, Bön, is followed by 10% of Tibetians. Bön has Four Portals and the Fifth, the Nine Ways, 

and a sacred symbol that is a left-facing swastika [Wikipedia]. With an ongoing worldwide cultural tradition 

like that, who could resist wanting to climb Big Ben? 

The Fourteen Men at the ANARE station were fully susceptible to the magnetism of the mountain. 

Whether for a place on the List of Firsts, for a chance to get out of KP duty, or “for the hell-of-it,” Big Ben 

worked its magic on their subconscious, and sometimes in their conversations. Some of the men committed 

their thoughts to their diaries; others thought the same things but said nothing.  

1948 
Long before anyone seriously contemplated climbing Big Ben, the 1948 ANARE team responded to the 

western form of religious fervor: to measure mountains. In April, 1948, three of the ANARE men set out for 

Mt. Olsen, on the Laurens Peninsula They encountered a stunning vista of sharp and high peaks, the highest 

of which Arthur Scholes described as “a white sword pointing skyward…a complicated ice mass, rutted with 

chasms and thin ice ribs.” The men agreed that they would never reach the top, and in accordance with the 

unconquerable nature of the mountain, they named it “Anzac Peak.” ANZAC was an acronym for the 

Australian and New Zealand Army Corps, which was an important part of the First World War. Their climb 

down was as perilous as the climb up would have been:  

 
The men were hoping to find an easy path down the western side of the mountains to 

the beach. Dovers led, the other two being roped at thirty feet intervals. They climbed slowly 
up the steep side of the razorback ridge which divided the peninsula. Dovers, probing 
cautiously ahead with his ice-axe, reached the edge of the ridge, peered over and quickly 
withdrew. He signaled his companions to halt in their tracks and be ready to take the strain 
on the rope should he lose his footing. Lambeth and Compton dug in their axes, leaning over 
them on their stomachs, gripping hard, ready of the sharp pull. It never came, but Dovers 
was standing on the edge of a thousand-foot gully. The brink was brittle with wind-worn ice. 
Another step forward, a loose footing, and he might have precipitated an avalanche, which 
would assuredly have had fatal consequences. Foot by foot Dovers edged away from the 
ridge to rejoin his companions. When he enlightened them, all enjoyed a hearty laugh. They 
named it Avalanche Pass. 

– – Arthur Scholes Fourteen Men, p. 185 

 

1949 
The next ANARE crew was also susceptible to the call of the mountain. Robert W. Allison was moved to 

record the chatter in his diary (1949). He was not sanguine about the prospects of anyone going up there.  

 
[Regarding climbing Big Ben …] 
The success of this venture depends entirely on good weather. You need one good day 

to get to 3000 ft. and at least two more good days to get to the summit at 9000 ft. That 

requires 4 good cloudless days at least–such a phenomenon must be very rare on this island 
to get up and back to safety. …  

https://en.wikipedia.org/wiki/Mount_Athos
https://en.wikipedia.org/wiki/Mount_Kailash
https://en.wikipedia.org/wiki/Mount_Kailash
https://en.wikipedia.org/wiki/Mount_Kilimanjaro
https://en.wikipedia.org/wiki/Machu_Picchu
https://en.wikipedia.org/wiki/Mount_Vesuvius
https://en.wikipedia.org/wiki/Mount_Zion
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Attempts to scale Big Ben should be discouraged unless perhaps by some skilled 

mountaineers for some very definite scientific purpose. I intend to notify Antarctic 
Melbourne if anyone else wants to go this year, to get their permission. I would not like to 
take any responsibility for allowing men to go “for the hell of it.” If anyone does go, a walkie 
talkie should be taken to summon aid if necessary. This is extra load, but I think a very wise 

and necessary move. The usual precautions for these altitudes must be taken–e.g. hands 
freezing to metal, etc. … 

Much talk of climbing Big Ben in a week or two. While eager to see it done, I have a few 
doubts. It is only fine one day in every 10-15 and heavy clouds shroud the mountain almost 
constantly. Don’t know what visibility would be up there but am certain it wouldn’t be far. I 
can’t see any way of keeping in touch with party. Walkie-Talkie scoffed at as too heavy [38 
lbs], and if any accident occurred, we would only know after the passage of time. Also [there 
would be] some worry as to [selection of the] party.  

– – Robert W. Allison, Diary, July 31, 1949. [Document in the Australian National Archives, 
Hobart].  

 

1952 – It could wait… 

 
The 1952 ANARE crew also wasn’t exempt from the intoxication … 

 
Towards mid-morning the reflected heat from the ice became almost unbearable. The 

heavy packs pressed hard on our sodden undergarments and forced us to take frequent 
pauses to wipe the sweat off our bodies. Great ice ridges stretched toward Fremantle Dome, 
almost tempting us to try our luck on an attack at the summit. It was a perfect day for 
climbing. “What if we were to try for the summit?” I thought. “Could it be scaled from the 
north side?” We had food and fuel for a week on our backs, besides the small pyramid tent 
we had made ourselves. Could we justify an attempt? Conditions were first class; we might 

never get another day like this. But the weather–Borland had predicted rain by nightfall. If 
cloud descended, we might become lost in the maze of terrible ice falls and caught in the 
murderous avalanches, like those we had seen roar down from the ridges. Anyway, our 
object was to count seals at Saddle Point. The mountain could wait. … 

– – Peter Lancaster Brown, Twelve Came Back, p. 87. 

 

1953 – Within striking distance … 

 
The urgency was becoming irresistible. In a 2011 article in Aurora, Tim Bowden describes the attempt: 

 
The Officer-in-Charge (OIC) of the ANARE Heard Island station in 1953, John 

Béchervaise, writer, mountaineer, photographer, artist, teacher, and historian, was intensely 
aware of this magnificent unclimbed peak, the lure of which loomed exceeding large when 
the news came through that the world’s highest peak, Mt. Everest, had been conquered.  

Many attempts had been made by ANARE expeditioners to climb the active volcano, but 
they were always defeated by the island’s notoriously fierce weather. Towards the end of his 
year on Heard, Béchervaise led a party of three up the mountain. His climbing companions 
were Fred Elliott, a weather observer, and Peter Shaw, a meteorologist. They had very little 
equipment and had to make their own climbing boots from quarter-inch felt, wound around 
their Army-issue boots.  
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They did have ice-axes but had to make their own tents. One thing the meteorologists 

had worked out was that there was no knowing when Big Ben would turn on its very 
occasional good days. Their radiosonde balloons revealed a ‘pretty nasty’ picture of the 
weather at 9000 ft., cold exposed and windy. Béchervaise and his companions worked out 
that the Abbottsmith Glacier was probably their best route to the mountain. They found 
there was an icefall on the glacier which they thought they could negotiate and thought it a 
good idea to lay down a depot of food, which they could return to or take from. However, 
when they set off in early summer, they found their depot had been snowed over and they 
could not find it, but they continued anyway.  

Béchervaise, Elliott and Shaw got to striking distance of the top on the tenth day. 
Béchervaise wrote in his diary: “It was a lovely evening, there was a pink alpine glow over 
the snow and there were some marvelous ice formations.” 

But Big Ben was not going to be so benign for long. No sooner had they put their tent up 
than a blizzard started with heavy snow and completely buried their tent.  

In the end, because of the shortage of food, they knew they couldn’t stay there 
indefinitely, so they dug the sledge out, under blizzard conditions, and started off on the 
homeward journey. They had been out on the mountain for fifteen days. Crossing an icefall 
on the Abbottsmith Glacier, Béchervaise fell into a hidden crevasse. “I went down about 20 
feet. And, you know, you don't feel anything – you’re just helpless and slightly annoyed that 
it happened. You’re just swinging there between icy walls, with the black depths below.” 
Elliott and Shaw lowered an extra rope to Béchervaise and helped him climb out. It was their 
last serious attempt to climb Big Ben that year.

– – Tim Bowden, “Heard Island– The Climbing of Big Ben,” Aurora  

 

1963 – only about 500 m higher … 

 
A decade later, the fever had returned. Bowden’s article in Aurora continues: 

 
Although Grahame Budd did not have time to attempt Big Ben in 1954/55, he was 

aware of growing interest in this challenge by mountaineers in Australia. 
Warwick Deacock, a noted Himalayan climber, retired Special Air Service (SAS) officer 

and former foundation warden of the Australian Outward Bound School, also had his eyes 
on Big Ben He wrote to Phil Law at the Antarctic Division in 1962, asking if he could have a 
berth down to Heard Island on the Nella Dan to climb Big Ben.  

Law replied sympathetically, but negatively. Meanwhile, Deacock discovered Grahame 
Budd was planning a scientific trip to Heard Island with ANARE. The key word was 
“scientific.” The summer party of three men would investigate the geology, volcanology, and 
glaciology of Big Ben, South Barrier, and other unexplored areas, and would seek evidence of 
glacier retreat and colonization by fur seals or king penguins. They would also study their 
own reactions to cold stress and acclimatization, count and band albatrosses and other 
birds, and make regular meteorological observations. There would also be a “scientific” 
ascent of Mawson Peak, the summit of Big Ben.  

 
Of course! 

  



 

Chapter 4 EVENTS ⃝ Page 123 

Bowden continues: 

 
Budd argued more realistically that the scientific part was no less fascinating than the 

mountain, because in 1954/55 he had formed the impression, although without firm 
evidence, that Heard Island’s glaciers might be in retreat, and that there might be a 
resurgence of the king penguin and fur seal populations. A large part of the island was still 

unvisited–all the South Barrier uplands and all the inland parts around Mawson Peak. So, 

there was a great deal of exploration to be done there–and a lot of interesting questions. … 
Law put Budd’s proposal to the Antarctic Planning Committee, which was nervous about 

having only three people on the island with no backup. Eventually, they agreed, providing 
there was a base party of three at Atlas Cove while Budd, Stephenson, and Deacock were 
working on the mountain and elsewhere. After establishing a depot of eight days food on 
the glacier at 1800 m, they took advantage of a rare spell of fine weather to press on. Big 
Ben has a summit plateau at around 2200 m and the three climbers pitched camp there, 
knowing that Mawson Peak (the volcanic cone that forms the summit) was only about 500 m 
higher. Then the weather closed in, and they were blizzard-bound for five days. The climbers 
were philosophical. … 

By the fifth day, the tent was completely buried under the snow, the party was suffering 
mild carbon monoxide poisoning from Primus fumes, and they were nearly out of food. They 
realized they would have to force their way down to their depot at 1800 m, bring up the 
eight days’ food and wait for better weather. They marked their buried tent, and headed 
back down the mountain – but failed to find their cached supplies … 

 
Later, Budd shared his feelings: 

 
“My frozen clothing had ridden up, so my midriff was exposed a lot of the time and it 

was hard to push it down. I’d reached the stage where I could hold my head up only while I 
was walking. The moment I stopped; my chin would thump down onto my chest. Also, the 
flap of my pack had come loose and periodically the wind would catch it and whip it over 
and give me a great crack on the head. But somehow, we’d never got round to actually doing 
anything about it, so I went on being belted over the head with this pack flap. So, we 
stumbled on down and finally, there we were at the beach, which was absolutely wonderful 
– like returning to life, all those living things around us. We felt we’d stood up and walked 
away from our grave – and here we were back in the world of the living, with all these nice 
friendly penguins and seals and seabirds.” 

 
Bowden continues the story: 

 
[Reaching Long Beach], the party recovered its strength, made scientific observations 

around the area, and unsuccessfully tried to radio Atlas Cove to report that they were alive 
and well. They then set off to walk around the coast, via Spit Bay, back to Atlas Cove. Budd 
had no feeling in his hands, and all that they had to cross the glaciers were a bamboo pole, a 
small shovel, two-and-a-half pairs of crampons, and a length of rappel line. Ever mindful of 
the scientific purpose of their expedition, Stephenson geologized as they travelled, and Budd 
was delighted to find two colonies of king penguins breeding at Spit Bay, as well as plenty of 
fur seals. Even more significant, they found that every glacier was retreating – one of the 
earliest signs of climate change in the South Indian Ocean.  
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For the moment, the mountain retained its aura of mystery and sanctity. 1965 - … and there was Mawson 

Peak …  

 
[Two years later], both Budd and Deacock were still keen to first-foot the summit of Big 

Ben and continue their research program, so Deacock organized a private expedition – the 
South Indian Ocean Expedition to Heard Island (SIOEHI) – for the summer of 1964/1965. It 
was the first private Antarctic expedition to leave Australia since Sir Douglas Mawson’s 
BANZARE (British Australian New Zealand Antarctic Research Expedition) expedition in 
1929/1930. Although the expedition had no formal connection with ANARE five of its ten 
members were ex-ANARE men, and its scientific program included the ANARE project of 
monitoring glacier fluctuations and the population growth of king penguins and fur seals – a 
project which the ANARE 1963 expedition had initiated, and which was subsequently a 
central task of the ANARE 1969 and 1971 expeditions. The scientific program also included 
plankton hauls, hydrology stations, and synoptic weather observations throughout the 
voyage.  

 
Budd thought the adventure was a lot like Moby Dick: 

 
On the Patanela trip, I had Moby Dick, which I was reading for the first time, and some 

interesting parallels came along because in a way Warwick and I were a bit like Captain 
Ahab. In fact, Big Ben became a sort of Moby Dick, and Melville rather sets you up for this 
because he’s full of comparisons of Moby Dick to an island – The wild and distant seas where 
he rolled his island bulk. And there’s a marvelous scene where he talks about ‘endless 
processions of the whale, and, midmost of them all, one grand hooded phantom, like a snow 
hill in the air. ‘And the first sight of Heard, with the snow hill floating in the air above the 
empty sea, it’s spot-on. Ahab had lost a leg to Moby Dick, and Warwick and I both had our 
scars from Big Ben, so we had the same feeling of coming back to do battle with a highly 
respected opponent. We had a score to settle.” 

 
Climbing Big Ben wasn’t part of the science; it was personal: 

 
Deacock and Budd added Phil Temple, Colin Putt, and John Crick to the climbing team–

 there would be five in the assault. The Patanella took them to a beach near Winston Lagoon 
and for the next week, they relayed 40 kg loads over South Barrier and the Fiftyone Glacier, 
to eventually camp in their polar pyramid tent at Budd Pass (1220 m), with enough food and 
fuel for a prolonged siege of Big Ben. Every morning the cook of the day would begin 
preparing breakfast at 3:30 a.m., and everyone would get dressed, rope up and put on their 
crampons, and head towards Mawson Peak. If the weather was too bad, they would return 
to the tent, to try again the next morning. Deacock said there were trade union rumblings 
about this, but it was thought to be their best chance of seizing the right moment when it 
came.  
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FIG. 4.32 The first summiting: Philip Temple, Grahame Budd, Warwick Deacock preparing for the ascent 

 

 
FIG. 4.33 The five men who accomplished the first summiting of Big Ben/Mawson Peak in 1965 

 
 

On January 25 they were climbing through mist when the weather suddenly cleared and there was Mawson 

Peak. Warwick Deacock described it: 

 
…and then there was Mawson’s Peak. It’s a sort of boulder slab, with downward-sloping 

boulder slabs of ice and, underneath, the crevasses. So, it wasn’t just a totally easy walk. 
Then Colin said, “I think Grahame ought to have this lead”, and we all agreed, so we plugged 
him in front. Surely, it was his mountain. And up he went, very well, and we got to the top 
about half-past one. And, of course, we had all these flags that you take, don’t you? … And 
so, we stood around, beating our chests and taking pictures of ourselves.  
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FIG. 4.34 On the summit 1965. These photographs are reproduced in numerous publications, but there does 

not seem to be complete agreement of the identifications of the men in the pictures. 
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Throughout the climb Grahame had been lowering thermometers into crevasses, to find out whether they 

were temperate or polar. Unfortunately, the scientific work had eroded not only the time they could spend on 

top of Mawson Peak, but what they could see from it. As they reached the summit, with clouds of steam and 

sulfur dioxide billowing around them, they suddenly lost all visibility as the northwest wind got going and it 

began to sleet. Grahame Budd described it: 

 
The actual summit was a sort of pile of snow and ice, and the crater was off to one side 

and we could dimly see it. There was an ice-cliff going down and sounds of fizzings and 
hissings and billowing clouds of steam, and there were brown deposits on the ice and the 
exposed rock.  

As soon as we’d done the essentials of waving flags and taking photos and shaking 
hands and so on, we tried to get down into the crater. A few of us roped up and headed that 
way, but as soon as we got near it we realized it was very dicey because the ice was all 
weakened by the steam, there was practically no visibility, and there seemed quite a good 
chance that we’d hurt ourselves trying to get down into it – and suddenly the problem of 
getting back to the tent, at least 5,000 feet below us, in bad weather with a rather intricate 
route and no visibility – this seemed to become dominant in our thoughts.  

So, we had to sacrifice the opportunity to see a bit more of the crater, for survival. And 
getting down was a bit tricky. I was leading and I went a bit too much to one side, and there 
was debate as to whether we should bivouac or keep going, but eventually, after an hour or 
two, we found ourselves back at the summit plateau and there were some of our marker 
poles there, and the crevasse thermometers and so on.  

At that stage, we had lunch, which was about 3 or 4 in the afternoon. We broke out 
biscuits and cheese and in the process of breaking marker poles earlier (so there’d be more 
of them). I’d cut my finger, and so I remember us eating biscuits and cheese liberally 
smeared with blood, and it just added an extra bit of vividness to the moment.  

Then we just stumped off downhill, but we were walking in the right direction and fairly 
well signposted by the cliffs to one side.  

 
Warwick Deacock had some choice words about getting down: 

 
Grahame compassed us down and we got down safely and got back to the camp. We’d 

been fourteen hours, I think, by the time we got back. And we got into the tent and the 
weather went really bad for another two days and we just lay. By now, our down gear was 
all wet again, which is normal, and we were lying on our backs in our sleeping bags, pedaling 
(you know, cycling) and singing the ying-tong song — you know, the Goon Show, ‘Ying-tong, 
ying-tong, ying-tong tiddley aye po …’ Nutty as fruitcakes, but full of beans – we’d climbed 
the mountain.  

But then we had to get down. And when it came to pick up the gear – we’d got up in a 
couple of lifts – we couldn’t carry it all. I remember Grahame picking up his load with the 
tent, which was covered in ice, and slowly descending to the ice. So we had to dissect the 
loads, and we left some stuff up there, I’m afraid, including Phillip Temple’s best climbing 
boots. But I wanted us down in one piece, I didn’t think we should play around with the 
mountain anymore.  
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Five weeks later, Patanela was back in Sydney. Big Ben had at last been climbed, and a worthwhile 

scientific program had been completed. Of a lifetime of adventuring, where did Deacock rate his Heard Island 

experiences?  

 
Oh, the best experience of my life. And I’ll spell that out. Never mind whether we were 

lucky enough to get up our mountain. It’s a wonderful, wonderful place to have been to, a 
privilege to have been to Heard Island. I’ll go again tomorrow if somebody’d send me. And I 
did go again, in 1969 actually, I went back. But what stood out was my mates. It was a 
wonderful, friendly, happy, successful expedition, with people with one common aim. You 
know, the conquistadors of the useless: ‘What’s the point?’ Well, there doesn’t have to be a 
point: we went for the fun and games. You might say it was a great adventure holiday. 

 
Eighteen years before, in 1947, Robert W. Allison had clearly stated his opinion: NOT “for the hell of it.” 

But apparently that’s exactly what happened … 

An independent account of the summiting was written by Philip Temple [The Sea and the Snow, Cassell 

Australia Ltd., 1966]. Temple included a map with considerable detail, reproduced in FIG. 4.34. While 

somewhat redundant, we provide here a running abstract of that book, to get Temple’s expression of the 

event: 

 
Mixed thoughts … 

 
…As I wrote I had mixed thoughts. I was ambitious to climb Big Ben for the achievement 

itself - but I had found no love for Heard Island: a hostile place, cold in its climate and very 
demeanor. As the surf and wind formed a bass, I wondered why we pitted ourselves so 
determinedly against the latent power of such a mountain. [p. 110].  

The whole glacier became enveloped in cloud. The wind rose and as we dumped the last 
loads the drift rattled against the tent. The weather changed rapidly before and could do so 
again. Generally, for the worse and Warwick knew that every minute of fine weather had to 
be used. The final double carry would involve several hours, and we had to start as soon as 
the cloud broke. Each hour one of us checked the weather but at ten we abandoned this for 
sleep though Col undertook to wake at four the next morning. He woke promptly and after a 
deliberate walk outside announced a clear sky. 'A perfect alpine dawn!' he called. The rest of 
us sat up in various stages of torpor then pushed down Warwick's porridge and coffee 
before dressing. [p. 114].  

 
Pessimistic obsession 

 
…Grahame had a pessimistic obsession that Big Ben was trying to catch us, lure us 

higher with good weather, trap us and cause another retreat as in 1963. He constantly 
implied that the good spells of weather we encountered could not last. A fast attempt then, 
while the weather was calm and the mountain unprepared, might reap the success that 
could be denied later by blizzards. It was a tempting opportunity: a crisp, fast climb in 
crampons without packs, then back early to the beach to repose in our victory. But it was a 
long way. There were another 6000 feet, miles of glacier and risk of benightment in a storm 
that would spell disaster. … 

With the weather so still, Warwick was adamant that we take everything that remained 
and force ourselves along to reach the Pass again before a change. … We ate lethargically, 
postponing the inevitable, but at two o'clock a move could not be denied any longer. We 
struck the tent. The packs did not bear thinking about, but it was not until I maneuvered 
mine to my shoulders that I realized the full weight.  
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The first half-hour … 
 
The first half-hour was tolerable. But when we passed. into thick cloud again, and 

pushed on without rest, the pick became Sinbad's Old Man of the Sea and my legs like jelly. I 
seemed to lose all control over my movements, save for a simple stagger. Snow plastered 
my goggles; I could barely see as it mailed and ran down the Perspex and then they misted 
up inside from tears that involuntarily streamed down my cheeks. I went on, pulled by the 
tight rope from Warwick; the wind rose, the cloud thickened, rain and snow pelted into our 
faces. I had no more energy to step over the simplest crevasses, tripped on their lips and fell 
three times, flat on my face in the snow. This offered the only respite in an agonizing rush 
that became increasingly blind. But the rest was hardly worth the effort needed to regain my 
footing. … 

 

 
FIG. 4.35 Main routes taken by the 1965 summiting party. Consistent with the geophysical structure at that 

time, this map shows Stephenson Glacier and the small lagoon near Dovers Moraine. 

 
Grahame swore that our fatigue and heavy loads created a lack of safety and increased 

the danger immeasurably should someone fall down a crevasse. Under ideal conditions, it 
was hard enough for a man to help himself out of a crevasse. Exhausted, with a huge load it 
would have been impossible.  

Surrounded by the orange tent fabric, with no window, it was difficult to decide 
whether the sky was clear or still blanketed in drift and cloud. The mixture of snow and mist 
was relatively bright and often in our orange glow, we wondered nervously if the sun was 
shining and we should be up and on our way. Grahame, the most anxious, and the most 
willing to sacrifice the warmth of his bag for the sake of our objective, often untwisted the 
sleeve, spread it open, and peered outside. Then, the blue-white glare of the blank 
landscape broke the suffusion of orange light like an empty television screen, and there 
were cries of discomfort as a cold blast of air cut through the warm air that had built up 

inside. [p. 122].  
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Grahame should lead the way … 
 
Before we moved off Col said: 'I think Grahame should lead all the way unless he finds 

deep snow and wants a rest.' Warwick nodded: 'I heartily agree.' Of all of us, this was 
Grahame's mountain. When he first visited the island in 1954, the challenge of Big Ben 
loomed in his thoughts; he saw it again during a voyage to Antarctica and in 1963 had been 
so close to success with his own expedition. When the lead was relinquished to him, he 
found it a very moving moment. As we went forward, left the plateau and began to rise 'I 
knew that, at last, I was climbing that endless snow slope that I’ve climbed, in one disguise 
or another, in my dreams for eleven years.’ [p. 132].  

Budd Peak, at 7,600 feet, dropped beneath us and we felt a sense of elation, treading 
the highest ground on the island. The sea was muffled in storm clouds and there was 
nothing to see but the white waste of glaciers. Grahame looked tired at times, but he 
plowed ahead while Warrick filmed assiduously. At about 8,500 feet we came to a large 
crevasse, stretching across the slope and Grahame had to force a dangerous route across an 
unstable snow bridge to reach the upper lip. Above, he cut steps in bare ice. Then we moved 
over a bumpy surface as the slope eased and found a break in the edge of the cone. Passing 
formations like ice cauliflowers, we climbed awkwardly over giant ice feathers on the active 
crater's edge - like candelabras up to a foot long. To the left, steam gushed from a vent in 
the ice; brown silica deposits stained the ground below. We maneuvered along the edge … 

 
The top … 

 
Grahame reached the apex of a slight rise. He signaled to Warwick that we had reached 

the top. So had the clouds and nor'wester. Mist swept over the summit to join the steam 
and soon there was nothing but a thick, cold fog and rising wind. [p. 133].  

The crater was a valley about twenty feet deep, seventy-five feet wide, and two 
hundred and fifty long. The brown silica deposits were prominent, looking like rocks, steam 
drifted over them and bubbling hot water from holes at the side. Grahame, John, and Col 
untied from Warwick and me in order to climb down, but the sides were so steep and 
unstable that they quickly retreated. The effect of heat on the ice meant that it was liable to 
give way under the least weight and a tumble into something scalding and obnoxious would 
be the reward. After a brief discussion, we decided to leave immediately, before the 
weather worsened. We had the bivouac kit, but we were not anxious to spend a night out 
near the top of Big Ben [p. 134].  

As we trudged and staggered on, I hoped that Grahame in front knew where we were 
going. We were in almost complete white out: white cloud, white snow merging with no 
relief. Colin changed packs with me but soon we came to a halt and I sagged onto my ice axe. 
Vaguely, I heard Grahame saying that we were virtually lost, and any further movement was 
foolish. Drift snow spun past, the wind slapped us and snow melted on our cheeks. We 

dropped the packs and picked up the shovels and saws. [p. 116].  

From the evening of the 2l
st

 until well into the 23rd we lay flat on our backs, turning or 
sitting up when we grew stiff or numb, and barely poked our noses outside the tent. … 

– – Philip Temple, The Sea and the Snow. 
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Other activities 
 

1969 American Triangulation Expedition 

 
One of the projected uses of Earth satellites was to determine the shape and size of the Earth. To this end, 

the U.S. Coast & Geodetic Survey carried out a project known as PAGEOS (PAssive Geodetic Earth 

Orbiting Satellite), in which a large (38 m dia.) inflated mylar sphere was observed from a triangular network 

of locations on Earth. The network needed a point in the Southern Ocean, so Heard Island was selected. In 

1969, parties from the Southwind and Columbia Hawk encamped on the island. Three ANARE men made a 

brief visit ashore on 11-17 March 1969, and six Americans landed and wintered at the ANARE site, with six 

more Americans replacing them from November 1969 to April 1970. Unfortunately, poor weather limited the 

number of photographic opportunities, but that wasn’t the only problem. Heard Island Expedition Leader 

Hugh Milburn found the ANARE station to be in a despicable state.  

 

  
FIG. 4.36 The Triangulation Expedition. (Left) The PAGEOS satellite, which was observed from Heard Island and 

numerous other places around the world. (Right) By 1969, the ANARE station was an appalling  mess. 

 
 

Milburn responsibly wrote several reports. In one of them (5 Apr 1970) he described the situation:  

 
…Shortly after our arrival on the island, we began to realize many items which had been 

ordered had not arrived or had arrived not in usable condition: (1) Tetanus toxoid was sent 
unrefrigerated although it was clearly stated on the package that it would be useless unless 
kept under refrigeration; (2) There was no chlorination kit for water purification; (3) The 
linear amplifier that was sent had a history of problems which have never been rectified; (4) 
100 feet of rain guttering and an additional water storage tank was requested, to no avail; … 
A water pump was sent, but [it] arrived without the requested hose and fittings or spare 
parts; (5) Drill bits were badly needed and not sent; (6) For personnel, no leather gloves, only 
one size of wool socks, very few boots, insufficient sleeping bags, and improper sizes and 
types of jackets, pants, hats, etc., were sent. (7) The fuel had to be pumped from a drum into 
a tank, requiring approximately 450 strokes on a hand pump every 5 to 6 days. Had no one 
yet discovered gravity? The filthy environment of Heard Island requires a constant visual to 
maintain the degree of cleanliness required by diesel engines… 

Respectfully, H. B. Milburn, Lt. USESSA. 
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The Heard Island Feasibility Test 

 
In January, 1991, a test was made of a method for measuring the temperature of the ocean by measuring 

the propagation of acoustic signals over long distances. The project, called the Heard Island Feasibility Test, 

spearheaded by Walter Monk at the Scripps Institution of Oceanography, was described by Monk, et al., 

1994): 

 
The motivation for the Heard Island Feasibility Test (HIFT) arises from the problem of 

global warming. … The oceans play a vital role in atmospheric greenhouse warming. … There 
is a need for testing model predictions with direct ocean measurements. … One needs a 
method for measuring the average temperature over large ocean ranges. This requirement 
can be met by acoustic thermometry, based on two simple considerations: (i) the travel time 
of sound between two points is a sensitive indicator of the intervening ocean temperature, 
and (ii) the ocean is a good propagator of sound and so these points can be very far apart. 

 
The experiment would consist of creating a (very loud) sound at a particular location in the ocean and 

measuring the signal at other places after travelling through the ocean. A location for the source was selected 

near Heard Island (on the Kerguelen Plateau) because it allowed the acoustic signals to propagate to all parts 

of the Atlantic, Indian, and Pacific Oceans. Sixteen detectors were positioned in widely separated locations. 

 

 
FIG. 4.37 Acoustic signal paths from the Heard Island source 

 
The test was successful, in that the signals were produced, detected, and interpreted to give measurements 

of oceanic temperature. However, considerable popular objection was raised because of the possibility that 

the acoustic signals could hurt marine mammals (whales, seals, etc.) that foraged in the waters near Heard 

Island. The method of acoustic thermometry of ocean climate (ATOC) was extended in a series of tests in the 

Pacific during 1996-2006 (Dushaw, et al., 2009).  
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Tourism 

 
Little by little, tourism has crept into the visits to Heard Island. Probably the first was by Warwick 

Deacock and Grahame Budd in 1963, when they took a private expedition on a small sailboat to do a set of 

scientific observations, although  the main driver was  to summit Big Ben. Although the total number of private 

expeditions is quite small [Green and Woehler], the availability of funds and a procedure for getting visiting 

permission has enabled such visits. It could be argued that tourism will increase, perhaps to the extent of visits 

to the Antarctic continent, but this author would like to disagree with that. The HIMI is managed by the 

Australian Antarctic Division (AAD), which, over the past decades, has imposed more rules and limitations, 

not less. For instance, in 1997 we were able to explore the Azorella peninsula on foot, but in 2016 that was 

strictly off-limits. In 2016 we fielded a drone to document the plants, birds, and seals on the peninsula, but the 

AAD forbade that on the grounds that the drone was governed by the rules for airplanes, a policy we didn’t 

understand.  

This author thinks that tourism will be kept at the present low level (maybe one visit every several years) 

and that in the future it might well be totally eliminated. Clearly, any proposal for a visit is looked upon more 

favorably if it is science-oriented.  

Grahame Budd participated in a tourist visit in 2012, travelling on the Akademik Shokalskiy, operated by 

Heritage Expeditions. As perhaps the premier Heard Island scientist, he wrote a report for the AAD. Here is 

part of that report.  

 
Re: 2012 Heritage Expedition (Budd) 
Report to Director, Australian Antarctic Division by Grahame Budd  
In accordance with my permit from the Australian Antarctic Division (AAD), on 21 

November 2012 my colleagues and I photographed glacier termini from the summit of Mt 
Andrée, and from Southwest Bay, Erratic Point, and Corinthian Beach. We also attempted to 
assess the current status of king penguins and fur seals. … 

This year’s visit by Heritage Expeditions to Heard Island gave me an opportunity to 
document, to whatever extent proved possible in our brief visit, the current status of three 
remarkable changes that I have been following since 1954 – the retreat (and sometimes 
readvance) of the glaciers, and the colonization of the island by king penguins and Antarctic 
fur seals (Budd 2000, 2007). … 

On our first day at Heard (20 November) a southerly gale with continuous snowfall 
obscured the island and prevented any landing. Next morning we enjoyed spectacular views 
of the north side of the island as we cruised east in hopes of a landing at Spit Bay. The 
continuing gale frustrated those hopes, but by early afternoon the wind had eased enough 
to let us land at the head of Atlas Cove.  

Over the next eight hours, we occupied photo stations and made observations at Mt 
Andrée, Southwest Bay, Erratic Point, and Corinthian Bay. Our first sight of the Vahsel and 
Baudissin glaciers was enough to exclude the possibility that they might have re-advanced, 
as they had done in 1969 and 1971. Both glaciers clearly shared in the general retreat that 
was obvious everywhere we looked on the island.  

Another of our aims was to assess the present size of the king penguin colony at 
Southwest Bay, whose growth I’d been following since finding the first egg in 1963. We saw 
an estimated 500-1000 birds, including freshly molted chicks of the previous summer’s ‘early 
breeders’, in groups of 20-100 birds on the beach and along the main glacier stream, but we 
saw no unfledged chicks or incubating birds. These would have been in the colony in the 
hinterland of the beach, but I could not find it in binocular searches from Mt Andrée and we 
had insufficient time to make an exhaustive search on foot.  
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An interesting change from my previous visits was that we saw no leopard seals or fur 

seals on any of the beaches. We had looked forward to investigating the large populations of 
fur seals and king penguins at Spit Bay, but unfortunately, the weather had prevented us 
from landing there.  

A brief visit to within 2 km of the McDonald Islands on 22 November revealed no 
obvious topographic changes since my inspection in 2002 (Stephenson et al. 2005), apart 
from an apparent reduction in the length of the eastern spit. Trains of small cumulus clouds 
suggested that McDonald Island was still emitting regular puffs of vapor, but the abundant 
fumaroles and hot lavas of 2002 were no longer apparent, and remnants of the recent 
snowfalls lay unmelted on the upper slopes of the ‘smooth volcano’. 

Photographs of glaciers taken on 21 November 2012 are presented below, together 
with reference photographs from earlier years. The latitude and longitude of photo sites 
were determined by Dr. Silver Budd using a Garmin ‘eTrex’ Global Positioning System 
‘Personal navigator’. Photos are by Grahame Budd unless otherwise stated.  

– – Grahame Budd, 2013 Report to the AAD on 2012 visit 

 

Amateur Radio 

 
Amateur Radio became a major activity as soon as the radio was invented. Except for an interruption for 

WW II, it has grown continuously, so now there are more than 3 million licensed amateurs worldwide. 

Among many activities that use amateur radio, “DXing” the sport of making radio contacts with other 

amateurs at great distance is one of the most energetically pursued. Worldwide, there are about 100,000 

amateurs who are obsessed with DXing, and a small fraction of them deliberately travel to very remote 

locations (such as islands) so that amateurs all over the world can make a contact with that location. Some 

locations become a major DXing event, and Heard Island is among the most difficult (and rarest) destinations 

(see FIG. 4.38). 

In 1948, during the first ANARE year on Heard Island, Alan Campbell Drury used his callsign VK3ACD. 

His station is shown in. Among various other amateur radio operations, Jim and Kirsti Smith and their 

HIDXA (Heard Island DX Association) used the callsign VKØNS/VKØNL. 

In 1997 the present author organized and led a radio expedition to Heard Island, using the callsign VKØIR, 

and subsequently wrote a book about the project ( Robert Schmieder, VKØIR Heard Island): 

 
The Problem with Heard Island: For much of the world, Heard Island is about as far 

away as you can get without a spaceship. It lies deep in the southern Indian Ocean, 
practically to Antarctica. It is not near, on the way to, or on the way back from, anything.  

Despite its geographical distance, Heard Island lies close to the hearts of thousands of 
amateur radio operators. It represents probably the greatest challenge for radio operations, 
at least for those of us who don't own a communications satellite. … 

The worst problem with contacting Heard Island by radio is, of course, the simple fact 
that, almost always, there is no one there. Regardless of your best hopes and dreams, the 
overwhelming likelihood is that there is no radio on Heard Island. Nor is it likely that there 
will be one anytime soon. Your best option for talking with Heard Island is to wait.  

 
In a 2020 poll of thousands of DXers, VKØIR was voted “#1 Best DXpedition in the past 30 years.”  

In 2016 The author led a second Cordell Expedition to Heard Island. This project was a combination of 

scientific observation/documentation and DX radio operations. The team of 14 men sailed from Cape Town, 

South Africa aboard the Braveheart, a vessel that has carried many radio teams to deeply subantarctic 

destinations. The landing was made on March 22, 2016, at Atlas Cove (as usual). Besides the extensive radio 

operations (about 70,000 contacts worldwide using the callsign VKØEK), a partial team including Gavin 

Marshall, Fred Belton, and the author made a 3-day trip to the Spit Bay area on the opposite end of the island, 

and were able to make the first entry by water into Stephenson Lagoon. The results of that visit, both 

photographs and samples, are partially described throughout this book. The poll mentioned above ranked the 

VKØEK expedition the “#4 Best DXpedition of the past 30 years.”  

file:///I:/_HEARD%20ISLAND/__HD_2015/__HD_2015_PEOPLE/__________HE_people/__HE_Team_people/Budd/AAD%20Report%203a.pdf
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FIG. 4.38 Amateur radio operations. (Top) ANARE/VK3ACD 1948. (Middle) HIDXA/VKØJS 1983. (Bottom) 

Cordell Expeditions/VKØEK 2016. 

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.38 (Top) 66_DSC_2287-1030x673.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.38 (Middle) HIDXA 1083 proc proc date.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.38 (Bottom) Vadym_014_IMG_2976 crop reset to 72 dpi date.jpg
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Instructions 
 

Now and then someone leaves instructions for future visitors. Two of these are exceptionally interesting: 

those by P. G. Law in 1955 (as the ANARE station was being closed). Law also visited the site in 1956, 1958, 

and 1960. During the attempted summiting of Big Ben in 1963, Grahame Budd left a similar note. 

 
TO VISITORS 

A scientific station was established at Heard Island by the Australian National 

Antarctic Research Expedition in December 1947 and maintained continuously until 

March 1955 by the Antarctic Division of the Department of External Affairs. 

Certain basic essentials of the establishment have been left intact to serve as a 

haven for any mariners unfortunate enough to the forced to seek safety on this 

bleak island. The whole establishment remains the property of the Commonwealth 

of Australia. 

YOU ARE REQUESTED: 

1. Not to open the huts or touch the stores or equipment unless you are in 

dire need. 

2. To treat all stores and equipment with care and economy–others after you 

may have need of it. 

3. To seal up all huts tightly and securely before leaving (deterioration is 

rapid one the wind finds a way of entering) and to leave the station in a condition 

ready for immediate use by any subsequent visitors. 

YOU ARE ADVISED: 

1. That food is stored in the food store and in the pantry. Elephant seals 

and birds are plentiful between October and March. From April until September 

most animals migrate but sea leopards visit the beaches during these months and 

Gentoo penguins remain. There is an AGA stove in the kitchen and a plentiful supply 

of coke. 

2. That some clothing and blankets are stored in the clothing store. There is 

a small selection of medical requirements in the surgery. 

3. A radio transmitter, batteries, and battery charger are ready for use, with instructions in the radio hut. 

4. Diesel engines and alternators for electric power are in the engine room. They have been dismantled to delay 

deterioration but can be reassembled in a short time. They supply 230 volt A.C. power for light and the radio. A small 

selection of essential tools is supplied to assist in the reassembly. Diesel distillate (gas-oil) is in the 1000-gallon tank 

beside the engine room; kerosene is in the spare diesel hut with the kerosene. 

5. Kerosene lamps and heaters are ready for use in the mess hut and various useful stores are available in other 

store huts. 

6. A plan of the station is supplied herewith. 

 

Good luck and God help you safely home again,  

P. G. Law Director –Antarctic Division 3/3/55 

 
ANARE Summer Expedition to Heard Is., 1963 

Medical stores are … good order, the operating anesthetic equipment and drugs 

in particular. They are still in the original places. See note in jar in (octagonal) … 

hut in jar on shelves on left of door. 

The surgery is in poor condition due to the entry of elephant seals and due to 

water from the broken … skylight. Repairs have been limited to repairing doors and 

skylight. 

The mess, the kitchen (including the AGA Stove, and the eastern sleeping hut 

are still in good order and have been used by the expedition. 

The huts at Spit Bay & Saddle Point are in good order. There is a small supply 

of usable food and fuel at Saddle Pt (although the sugar in the 4-gallon tin is 

suspected of causing dysentery in one of the members of this expedition who are 

it). Large supply at Spit Bay. At Long Beach there is a dump of food and fuel used 

by this expedition–it is 60 feet above sea level & 100 yards NW from the beach 

where the stream from the hanging glacier (at the eastern end of Long Beach) 

meets the sea.  

G. M. Budd, Leader, 1963 Expedition, 4/3/63  

FIG. 4.39  Instructions P. G. 
Law 3 March 1955 

FIG. 4.40 Instructions G. 
M. Budd 4 March 1963 

file:///F:/_BOOK_Heard_Island/_____HD_BOOK_final/HD_BOOK_final_PICS/C4_Events/C4_FULLSIZE/FIG. 4.39 P. G. Law note.jpg
file:///F:/_BOOK_Heard_Island/_____HD_BOOK_final/HD_BOOK_final_PICS/C4_Events/C4_FULLSIZE/FIG. 4.40 IMG_5143 crop proc.jpg
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Sitelogs 
 

By tradition, visitor logbooks ("sitelogs") are kept, now in a shelter at Atlas Cove. The entries date back 50 

years or more. Here are a few of them: 

 

   
FIG. 4.41 Various logbooks kept at Heard Island 

 

 
FIG. 4.42 Log entry for the 2016 Cordell Expedition VKØEK 

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.41 (Left) 16 Hobart National Archives 2nd visit IMG_2252 crop_resize crop 1 proc crop.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.41 16 (Middle) Hobart National Archives 2nd visit IMG_2252 crop_resize crop 2 proc crop.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.41(Right)  IMG_5059 rot crop proc.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.42 Cordell_Expeditions_Heard_Island_2016_4.jpg
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Visitors sometimes embellished the logs with artwork: 

 

  
FIG. 4.43 Sample pages in the logbooks. (Left) Artwork from 1985. (Right) Typical page, from 1987/88. These 

pages show the typical habit in which each visitor signed the book. 

 

 
FIG. 4.44 Some particularly ornate artwork in the 1987/88 log 

  

file:///L:/PICs_Chapter_4_Events/FIG. 4.43 (Left) Sitelog HI ANARE 1985 crop.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.43 (Right) IMG_5194 rot proc.jpg
file:///L:/PICs_Chapter_4_Events/FIG. 4.44 16 Hobart National Archives 2nd visit IMG_2311-2312.jpg
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Chapter 5 Facilities 
 

The Admiralty Hut 
 

Location 
Probably the most distinctive, and certainly the most historic, building on Heard Island was the Admiralty 

Hut. The location of this modest building is shown in FIG. 5.1. This location is the most sensible place for 

shelter, and it defined the location of most facilities and operations from 1947 to the present time.  

 

 

 
FIG. 5.1 Location of the Admiralty Hut. (Upper) Satellite image of Atlas Cove. The circle indicates the remnants 
of the ANARE station. (Lower) Detail showing the position of the Admiralty Hut relative to the recreation hut, 
which is the last standing building at the ANARE station. Their center-to-center separation is about 40 m. The 

Admiralty Hut is located at 53°01’09.34”S, 73°23’34.59”E. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.1 (Upper) ANARE station GE 2006 crop proc box proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.1 (Lower) Admiralty hut 2006 proc marked 1.jpg
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The Kerguelen Sealing and Whaling Company whaler Kildalkey under the command of Captain H. O. 

Hansen was a frequent visitor to Heard Island and, in 1928, erected a hut and a navigation beacon and raised 

the British flag on the Island. It was also on the Kildalkey that the French scientist, E. Aubert de la Rüe, 

traveled to Heard Island in 1929 to undertake a geological survey of the northern part of the Island). [Source: 

P. L. Keage, The Conservation Status of Heard Island and the McDonald Islands. MS thesis, 1981, p. 15.]. 

 
 

FIG. 5.2 The four bays area at the northern end of Heard Island. (Upper) Original sketch. The sketch by D.H. 
Bullard in 1928 is surprisingly accurate. Note that “Laurens [Peninsula]” is misspelled as “Cape Laurence.” 

(Lower) Detail of the area around “THE HUT”. 

 
FIG. 5.3 through FIG. 5.22 show photographs of the Admiralty Hut at intervals from 1928 through 2016. 

The pictures show how the weather and animals took an inexorable toll. Today the hut is nothing but a few 

pitiful stakes sticking vertically from the ground.  

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.2 Bullard 1928 Keage MS thesis 1981 Bullard sketch marked crop detail 1928.jpg
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The original building (1928-1929) 

 
 

 
FIG. 5.3 The Admiralty Hut, a prefabricated wooden building erected in 1928 by the crew of a South African 

whaler/sealing ship, the Kildalkey. In this photograph from January 1928 the French geologist Edgar Aubert de 
la Rüe, his wife, and a member of his party, stand at the door to the hut. 

 
Angela McGowan provides a brief description of this hut: 

 
The only hut known to have been built in the 1920s is Admiralty Hut, built by sealers for 

the British Admiralty at Atlas Cove (Keage 1981:14). It is a small six-sided hut, built entirely of 
wood and is very different from the much larger and earlier stone-based huts. It had a stove 
and a stove-pipe chimney, which operated so inefficiently that when it was lit the door had 
to be left open for ventilation (Fletcher 1984: 95). 

– – McGowan 2000, p. 66. 

 
Janet Hughes and Estelle Lazer also provide a few details: 

 
The hexagonal "Admiralty Hut" was built in 1926 [sic] by the crew of the Kildalkey and 

appears to have been used by several expeditioners, including Aubert de la Rüe [Law &. 
Burstall 1953: 5]. The British Australian and New Zealand Antarctic Research Expedition 
(BANZARE), [under the leadership of Sir Douglas Mawson], stayed for approximately one 
week in the Admiralty Hut in 1929. 

 
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.3 Admiralty hut de aaLa Rue 1929 crop crop crop dated 1928.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.3 (inset) ANARE station.jpg
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On 26 November 1929 Douglas Mawson, leading the British, Australian, New Zealand Antarctic Research 

Expedition (BANZARE), stayed seven days in the Admiralty Hut at Atlas Cove. This expedition was to go on 

to Antarctica and resulted in Australia’s claim to a substantial portion of the Antarctic continent [Mawson 

1932; Lambeth 1948; Law 1953]. It was following this visit to Heard Island that Mawson made the claim that 

Kemp had discovered Heard Island. 

 

 
FIG. 5.4 Men of the 1929 British, Australian, New Zealand Antarctic Research Expedition (BANZARE) expedition 

at the hut. Probably the men slept in the hut, hanging their bedding outside during the day. 

 
Harold Fletcher wrote about the occupation of the hut in 1929: 

 
Sir Douglas [Mawson] was hoping the party, while ashore for two days, would occupy a 

shipwrecked mariners’ hut situated near the shore of Atlas cove. To reach the hut a run of 
about 6 miles in the motorboat was necessary and two trips had to be made. … to transport 
the remainder of the party.  

The hut was located on a nearby rise and found to be in reasonably good condition. It 
was originally built in Norway and was brought to the island in sections and erected by 
sealers at the expense of the British Government.  

The six-sided hut was fitted with upper and lower bunks around the inner walls and a 
stove in the center for heating. There was very little room to move, but in our eyes, it was a 
mansion. A small shed attached at the rear was stacked with cases of tinned fish, beef, and 
large casks of bread rusks [a hard, dry biscuit or a twice-baked bread]. Hurley, Moyes, and I 
began a general renovation: We removed a thick covering of ice from the floor and before 
long it was made habitable. … 

Four sides of the hexagon-shaped hut, each 2 m long, were occupied by two bunks one 
above the other. The remaining two sides were taken up with a window and a door. To 
decide the allocation of bunks, names of the party were placed in a hat and as a name 
appeared a bunk was selected. I finished up with a top bunk with very little headroom while 
Falla, the last name out, had the doubtful honor of sleeping on the floor.  

– – Harold Fletcher (1984), p. 91 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.4 Aust Nat Lib PIC_22 ca 1930 1929.jpg
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The ANARE period (1947-1955) 

 
When the ANARE team arrived in 1947, the Admiralty Hut was the first place they wanted to go. It 

seemed to take everyone to figure out how to open the door. Arthur Scholes described the first night ashore:  

 
Six men settled down in [the] Admiralty hut. … The whole party [nine men] gathered in 

the hut for dinner. Smoke and fumes poured from the stove. … Suffocating smoke forced the 
men to open the door … Cooked tinned sausage and peanuts completed the meal … there 
were no complaints– it was warm and smokey.  

 

 

  
FIG. 5.5 The 1947 landing party open the door of the Admiralty Hut. Note the missing board in the roof, shown 

also in FIG. 5.7, but the missing board seen in FIG. 5.9 is not the same board. 

 
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.5 (Lower left) Clip_2 crop proc marked 1947.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.5 (Lower left) Clip_2 crop proc marked 1947.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.5 (Lower right) Clip_7 crop proc marked 1947.jpg


 

Chapter 5 FACILITIES ⃝ Page 146 

 

 
FIG. 5.6 Crew members from the 1947 landing vessel pose in front of the Admiralty Hut. These men appear to 

be rough-and-ready; they do not project the aura of a technical party. Thus, we believe that these men are 
part of a ship’s crew, not the scientific team for the ANARE station. This view of the hut is from the opposite 

side compared to FIG. 5.5 and FIG. 5.7. 

 

 
FIG. 5.7 Men around the hut in 1948. Laurens Peninsula is in the distance. Note the missing board in the roof. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.6 NAA high resolution 7480637 crop marked 1947.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.7 Aust Nat Lib PIC_20 1948 marked 1948.jpg
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Post-ANARE (1956-present) 

 
FIG. 5.8 Hospital annex. In 1949, timber was obtained from the sealers hut in Corinthian Bay to contribute to 
the hospital building adjacent to the Admiralty hut. This 1956 photograph is the only one we have found that 
shows how the Admiralty Hut and the hospital building were joined. Note that there is no pile of sand around 
the water tank (cf. FIG. 5.9 and FIG. 5.10 below). This photo was digitally processed and converted black-and-

white]. 

 

 
FIG. 5.9 The last known photograph of the Admiralty Hut showing its roof intact. It was taken during the U.S. 

Satellite Tracking Expedition in 1969. Interestingly, the 1947-48 photographs (FIG. 5.5-FIG. 5.7) show the 
missing roof board is not over the door but over the wall to its right. Note also the Furphy water tank  (right 
rear), not yet extensively rusted (cf. FIG. 5.17-FIG. 5.21). Also, note that in 1956 (FIG. 5.8) there was no sand 

deposit around the Furphy, but by 1969 a sand deposit was present. The seals did considerable damage to the 
buildings. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.8 RS67335 flip horiz crop proc BW proc crop proc marked 1956.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.9 Milburn 1969 Untitled-49 color rot crop crop white clarity marked 1969.jpg
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1980 

 
FIG. 5.10 By 1980 the roof of the Admiralty Hut had been destroyed, presumably by the wind. The sand 

deposit now reaches the top of the Furphy base timbers. The Furphy retains its protective galvanized coating., 
even after 30 years. 

 
The sequence of photographs in this chapter show how the Admiralty Hut systematically disintegrated. Of 

course, the first damage was the loss of the roof, which simply blew off in a high wind. While some of the 

further damage was due to the elephant seals, which insisted on lounging in and around the wooden buildings, 

we suggest that further destruction of the Admiralty Hut was partially foreordained by its construction. 

Compare the following photographs: 

 
1928  (FIG. 5.3) A waist height row of nails secures the wall pickets to horizontal runners. 
1969  (FIG. 5.9) The wall is in good condition. 
1986  (FIG. 5.11) The row of nails is showing rust bleeding into the wood. 
1997  (FIG. 5.17) The pickets are broken just at the nail line. 

 

This sequence argues for the idea that the rusting nails weakened the wall pickets. In fact, this process is 

well-known in shipbuilding: it is termed “nail rot.” It is plainly visible in FIG. 5.11. Thus, we suggest that 

repetitive high winds and/or flying debris broke the pickets at the nail row, where they were weakened by nail 

rot. 

 

   
FIG. 5.11 Details of the nail rows. (Left) 1948. (cf. FIG. 5.7). (Right) 1986. (cf. FIG. 5.13). 

 
Thus, while the horizontally blocked picket wall served for 50 years or so, eventually the weakening due to 

the nail rot provided the preferred location for the boards to break when they were stressed. Thus, the elephant 

seals should not be blamed (entirely) for the wrecking of the Admiralty Hut! 

  

https://www.makewoodgood.co.uk/curing-nail-rot-timber-strip-built-or-strip-planked-boat/
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.10 Admiralty Hut 1980 combined image BW proc dated 1980 C+BW proc 2.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.11 (Left) Aust Nat Lib PIC_52 1948 crop crop.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.11 (Right) HIA50_05 proc crop.jpg
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1986 

 

 

 
FIG. 5.12 The Admiralty Hut at the time of the extensive archaeological inventory in 1986 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.12 (Upper) HIA50_04 proc marked 12986.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.12 (Lower) 3605-A1 clarity crop.jpg


 

Chapter 5 FACILITIES ⃝ Page 150 

 

 

 
FIG. 5.13 The Admiralty Hut at the time of the extensive archaeological inventory 1986 

 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.13 (Upper) HIA50_07 proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.13 (Lower) HIA50_05 proc.jpg
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FIG. 5.14 Portions of the ANARE station 1986 (detail below). The remains of the Admiralty Hut are at left. The 

grounds around the buildings show the effects of bulldozing done to level the ground. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.14 (Upper) MIA39_25. proc marked 1986 1986_1.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.14 (Detail) MIA39_25 crop proc.jpg
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FIG. 5.15 Portions of the ANARE station 1986  (detail below). The remains of the Admiralty Hut/Hospital are at 

left. The other two large buildings are the American Hut and Chippy’s Church.  

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.15 (Upper) MIA37_15 annotated clarity marked 1986 1986.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.15 (Detail) MIA37_15. proc crop 2.jpg
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1987 

 

 

  
FIG. 5.16 Portions of the ANARE station in 1987. (Upper) Helicopter image. (Lower left) Detail of the Admiralty 

Hut. (Lower right) Negative image of the detail. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.16 (Upper) antc1083_f283_preview proc BW marked 1986 1987.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.16 (Detail left) antc1083_f283_preview crop proc proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.16 (Detail right) antc1083_f283_preview crop proc proc BW proc neg proc.jpg
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FIG. 5.17 Ruins of the Admiralty Hut in 1987. (Upper) The side walls are still mostly intact. (Lower) The tops of 

the boards are the height at which the roof was attached.  

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.17 (Upper) 3605-A6 marked 1987.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.17 (Lower) 605-B2 proc.jpg
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Jan Senbergs is an Australian artist. From 1987 images of the Admiralty Hut he made two drawings.  

 

 

 

 
FIG. 5.18 Artwork by the Australian artist Jan Senbergs. (Top) A photograph of the southern side of the 

(ruined) Admiralty Hut taken during the comprehensive 1987 archaeological survey of Heard Island. (Middle 
and Bottom) A sketch and a painting from the photograph in the style of the artist. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.18 (Top) HIA50_06 proc marled 1987.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.18(Middle) Admiralty hut Stenbergs 1987 80.1989.1 S crop.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.18 (Bottom) Senbergs painting.jpg
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1997 

 

 

 
FIG. 5.19 The Furphy and its lumber base remain essentially intact in 1997. Comparing photographs over the 

years shows that the base has been maintained– some of the timbers have been replaced, while others are the 
originals dating back to the ANARE period. At this point, the Furphy galvanizing is about half gone, and the iron 

tank is rusting.  

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.19 (Upper) Arie_1997_part_1_IMG0047.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.19 (Lower) HIHighRes016 resaved.jpg
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FIG. 5.20 The Admiralty Hut and medical building ruins in 1997. Most of the Furphys have been removed from 

the site, but the one in front of the medical building (now completely gone) is still there, thanks to ongoing 
maintenance.  

 
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.20 (Upper) 2436-B2 crop proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.20 (Lower) David VK6DAM neg scan 80 crop.jpg
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FIG. 5.21 The slope below the Admiralty Hut (seen at the top of this photo) is strewn with windblown boards 

and other debris. 1997. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.21 2019-04-15-0025 correct crop 2.jpg
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FIG. 5.22 Volcanic sand piles up between the decaying walls of the hut 1997. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.22 (Upper) 2019-04-15-0031 correct.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.22 (Lower) 2437-D4 clarity crop.jpg
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FIG. 5.23 Ruins of the Admiralty Hut in 1997. (Upper) The wall pickets are broken close to the level where they 

were nailed to the horizontal block. (Lower) The outside wall is almost totally destroyed and the fragments 
distributed by the wind. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.23 (Upper) 2437-C5 proc crop marked 1997.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.23 (Lower) 2434-B4 rot crop proc crop.jpg
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2008 

 

FIG. 5.24 shows a 2008 helicopter view of the area around the Admiralty Hut. This area was bulldozed to 

remove rocks and plants. The lightened area shows the Admiralty hut and the flag raising, taken from 1947 

photographs. This composite image shows why the hut was placed in that location: the ANARE station, 

including the Rec Hut at right, was built around the original hut/flag location. FIG. 5.25 shows a detail of this 

area. The hospital/medical facility, originally attached to the Admiralty Hut, is now completely gone, except 

for the Furphy water tank that stood (and still stands) in front.  

 

 
FIG. 5.24 The area around the Admiralty Hut and the Rec Hut. Images of the hut and the flagpole taken from 

1947 photographs were inserted (brightened area) in this 2008 photograph of the site to show their positions 
within the ANARE station. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.24 Andy Cianchi Craig Ship Home 689 2008 highlighted.jpg
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FIG. 5.25 Detail of FIG. 5.24. The Admiralty Hut and flag-raising were inserted in this image. In reality, during 
the flag-raising there were many men standing close by. As the ANARE station  grew, the hut was completely 

surrounded by various buildings. 

 
 

 
FIG. 5.26 Only a few sticks remain of the hut in 2008, although the Furphy water tanks still stands on its 

original timbers. The galvanizing on the tank is almost gone. 

 

 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.25 Andy Cianchi Craig Ship Home 689 proc clarity crop crop crop flatten crop proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.26 Andy Cianchi Atlas Cove 08 020 proc crop crop.jpg
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FIG. 5.27 Additional views in 2008.  (Upper) The door frame was part of the hospital building, now completely 

gone. (Lower) The rusting Furphy still stands securely on its wooden stand, although as mentioned earlier, 
some of the timbers in the base have been replaced at unknown times. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.27 (Upper) Andy Cianchi 08 Heritage Narelle 110 crop.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.27 (Lower) Andy Cianchi 08 Joel 092Atlas Cove_©RMundy_17Dec2008.jpg
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2016 
 

The most recent pictures of the Admiralty Hut (taken in 2016) are shown on these two pages. FIG. 5.28 

(below) shows that the doorway, still standing in 2008, has fallen, leaving only one of the vertical frames 

(seen just to the left of the Furphy). The Furphy is still standing on its timber base, and rust covers almost all 

of its surface. The rock formation in the foreground appears to be the remnant of a lava tube. 

 

 
FIG. 5.28 Remains of the Admiralty Hut and the Rec Hut in April 2016. Note the prominent lava tube in the 

foreground. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.28 Adam_009_DSC_3840 proc crop crop crop marked 2016 CROP.jpg
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FIG. 5.29 (below) shows that the activities of the AAD have nearly completely cleaned the ANARE site. 

Over the 50 years from the end of the ANARE period in 1955 until the cleanup in 2000/2003 the wind and 

animal combined to reduce much of the structures to boards, broken glass, rusted metal equipment, and other 

fragments. What remains (by AAD decision) are the rec hut (barely held together by the large net, several 

Furphys, and the dwindling remnants of the Admiralty Hut. 

 

 

 
FIG. 5.29 Possibly the last views of the remnants of the Admiralty Hut before they are scattered by the wind. 

All pictures from the 2016 Cordell Expedition.  
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.29 (Top) Arliss_DSC_5043 rot proc clarity crop mod.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.29 (Middle) K3EL-4050064 crop 1.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.29 (Bottom) RWS_IMG_4229 proc crop 2 edit clarify.jpg
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The ANARE station plan 
 

1948 

 

 

 
FIG. 5.30 Map of the ANARE site in 1948. (Upper) The full plan. (Lower) Detail. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.30 (Upper)  ANARE 1948 station map redrawn 1.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.30 (Lower) ANARE 1948 station map redrawn crop 1.jpg
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1951 

 

 

 
FIG. 5.31 Map of the ANARE site in 1951. (Upper) The full plan. (Lower) Detail. This map shows significant 

differences from (FIG. 5.22), both in building locations and their identified functions. It is not obvious whether 
these differences represent real changes or errors. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.31 (Upper) 1951 Sketch plan from Heritage Plan.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.31 (Lower) 1951 Sketch plan from Heritage Plan crop.jpg
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1953 

 

 
 

FIG. 5.32 Sketch of the 1953 ANARE station by John Bechervaise. The Admiralty Hut with the medical building 
extension is shown in the red square and in the detail (Right). The sketch also shows radio aerials, the doggery 

(Top left); the meteorology hut and wireless hut (Left center); two round sleeping huts behind the Rec Hut 
(Left center), and Chippy’s church with a steeply pitched roof and crosses (Right center).  

 

An interesting detail in the drawing is that the boxlike extension from the rec hut appears at the right-hand 

(east) end of the building, whereas in all other extant images it appears at the left-hand (west) end. An almost 

identical sketch dated 1956 differs from this one only in that the buildings at right and lower center are 

cropped off. 
 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.32 ANARE aerial sketch 1953 from Heritage Mgmt Plan rot crop.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.32 (Detail) ANARE aerial sketch .jpg
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1987 

 
FIG. 5.33 shows a map of the ANARE site in 1987. At upper right are living quarters for 62 persons. The 

largest facility on that site was “Arbec 2.” A large team was deployed by the AAD to carry out multiple tasks 

(these temporary buildings were not part of the original ANARE station). 

The various marks in the upper-right of this map show temporary quarters for the visiting team (melons 

and apples), and tie-downs for helicopters. 

 

 
FIG. 5.33 Map of the ANARE site in 1987. The dot at the intersection of the two orthogonal lines at right center 
is listed at 35°01’08.8890”S, 73°23’35.7030”E. The fiducial point in lower right is marked NM/OS/86 (DOVERS). 

 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.33 ANARE site plan 1987 proc.jpg
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1995 

 
A copy was made of the map in FIG. 5.25 for use in 1995 (FIG. 5.34). Superposition of these two maps 

shows that, although the positions and shapes of all the buildings and objects are identical (implying that they 

were traced), the lettering was not traced, but applied to the new map independently. While it may be an 

unwarranted conclusion, this author suggests that the map in FIG. 5.26 is not (necessarily) an accurate 

representation of the objects shown in FIG. 5.25; that is, the map was not made from life but from the map 

from the previous year.  

 

 
FIG. 5.34 Map of the ANARE site in 1995. The fiducial point in lower right is marked “NM/OS/86 (DOVERS)”, 

the same as in the 1986 map (FIG. 5.25). 

 
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.34 ANARE Map 1995.jpg
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2000 

 
FIG. 5.35 shows the ANARE map in 2000. In comparing this drawing with FIG. 5.34, we can see some 

significant differences. For instance, note the replacement of some building outlines with dashed lines, 

indicating the building was destroyed or removed. The two maps (and others) used the same template, adding 

updates. Source: Heritage Management Plan; Robert Vincent with assistance from Alistair Grinbergs for the 

Australian Antarctic Division February 2000 (updated May 2002)].  

 

 
FIG. 5.35 Map of the ANARE site 2000 

 
  

file:///F:/_BOOK_Heard_Island/___Source%20material/Cultural%20Heritage%20Atlas%20Cove%20Management%20Plan/Cultural%20Heritage%20Plan%20PDF/Atlas%20Cove%20%20Heard%20Island%20Final%202002.pdf%20%5bThis%20copy%20is%20missing%20many%20PICs.%20Try%20to%20get%20a%20replacement%5d
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.35 ANAREsite plan 2000.jpg
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ANARE station photos 
 

 
FIG. 5.36 The ANARE station in 1955, the year of its abandonment 

 

 
FIG. 5.37 The ANARE station in 1969, seen from behind the cross 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.36 Aust Nat Lib PIC_02 1955 proc BW marked 1984.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.37 image8 marked 1969.jpg
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FIG. 5.38 (Upper) The ANARE station in 1986, the year of the extensive archaeological survey. The red apple 

shelters were onsite temporarily. (Lower) Closer aerial photo of the station in 1986, showing the main 
buildings. 

 
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.38 (Upper) image15 marked 1986.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.38 (Lower) MIA39_31 proc marked 1986.jpg
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FIG. 5.39 The ANARE station in 1986. (Upper) View of the entire station at the edge of Azorella Peninsula. 

Note the ephemeral creek on its east side. (Lower) Closer view emphasizing the deterioration of the buildings. 
In both photos, the Admiralty Hut and adjacent hospital are marked with a red rectangle. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.39 (Upper) Woehler AAD 13 RS67003_2595-C1 crop proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.39 (Lower) Woehler AAD 15 RS67005_2595-C4 crop proc marked.jpg
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FIG. 5.40 The ANARE station in 1997. (Upper) Ruins of the station, plus the VKØIR amateur radio expedition 
campsite and various antennas. In the background is Atlas Cove. (Lower) Detail. The Admiralty Hut, with the 

attached hospital building on its right, is marked with the box. The amateur radio station site is at right. 
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file:///L:/PICs_Chapter_5_Facilities/FIG. 5.40 (Upper) 2019-04-15-0013 clarity proc marked 1997.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.40 (Lower) HI_overview_1_page1 proc proc square crop yellow.jpg
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FIG. 5.41 The ANARE station January 1997, showing its proximity to the pool complex at the edge of Azorella 

Peninsula 

 

 
FIG. 5.42 The ANARE station January 1997. The building right center is also seen in FIG. 5.41 at far left (note 

the roof, walls, and the shed on the end wall). 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.41 Ralph Fedor 1 ADJ exp crop crop marked 1997.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.42 Heard Island 1997 scanned print 04 proc crop 2 focus marked 1997.jpg
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2016 

 
 

 

 
FIG. 5.43 The ANARE station ruins in April 2016. (Upper) The remnants of the Admiralty Hut are indicated. 

(Lower) Scattered remnants of the ANARE buildings. Looking toward Laurens Peninsula. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.43 Hans_DSCF2341 crop 1.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.43 (Lower) Carlos_IMG_8644 marked 2016.jpg
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Buildings 
 

Recreation hut 

 

 

 
FIG. 5.44 Ruins of the recreation hut. (Upper) 2008. (Lower) 2016. During the 2000 AAD site cleanup, this 

building was partially stabilized with the net. The principal change over eight years is the partial loss of the 
eastern end of the building, although the netting has clearly prevented its total destruction. Another 

photograph of this building, taken from the other side, is shown in FIG. 5.28. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.44 (Upper) Andy Cianchi 08 Joel 022Atlas Cove_RMundy_17Dec2008.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.44 (Lower) RWS_058_IMG_4452 crop marked 2016.jpg
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Sleeping hut  

 

 

 

 
FIG. 5.45 Sleeping huts. (Top) The 1969 crew of the U. S. Satellite Tracking Expedition repaired the roofs of the 

huts. The hut nearest the camera is listed as “Feature #13” on the 1986 archaeological survey. (Middle) By 
1983, wind had knocked out the roof panels, leaving the framing and crown. (Bottom) By 1986, during the 
AAD archaeology expedition, the roof of the hut was repaired, perhaps to enable the building to be used 

again. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.45 (Top) Milburn_1969_Untitled-24_512 rot.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.45 (Middle) Kirsti Heaard Island 1 proc crop BW marked 1983.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.45 (Bottom) Hia22-20 crop proc marked 1986.jpg
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Building interiors 

 

 

 
FIG. 5.46 Inside of two ANARE buildings 1986. (Upper) Interior of the sleeping hut. The archaeologist’s range 
pole and noteboard (leaning against the stool) are visible center floor. On the noteboard is written “Feature 
#13,” which refers to the key given in the site plans. (Lower) Interior of the “Clothing Store,” which later was 
used as a general store. It was identified in the archaeologist’s photographs and site plans as “Feature #4.” 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.46 (Upper) Hia22-24 proc crop marked 1986.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.46 (Lower) Hia03-11 crop  marked 1986.jpg
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Medical annex 

 

  
FIG. 5.47 Shelves in the hospital, adjacent to the Admiralty Hut. (Left) Original chemicals and medications in 

1986. (Right) By 1997, the weather had jumbled the contents and deposited a large pile of sand in the 
building. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.47 (Left) HIA50-28 crop crop proc marked 1986.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.47 (Right) VKØIR slide 45 scan clarity rot crop marked 1997.jpg
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Arbec hut 

 

 

 
FIG. 5.48 Inside the “Arbec 1” hut in January 1997. Both photos were taken from the center of the building, 

facing opposite directions. At the time these photographs were taken, this was the only building that 
contained useful items: a heater, workable tools, emergency food, and a jar of Nescafe (which was rather 

stale!). 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.48 (Upper) HI 1997 from Wes W3WL scanned slide 1 marked 1997.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.48 (Lower) HI 1997 from Wes W3WL scanned slide 2.jpg
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Powerhouse 

 

 

 
FIG. 5.49 The powerhouse. (Upper) 1997. (Lower) 2000. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.49 (Upper) HI_1997 slides scanned Aug 2019 2019-04-15-0024 marked 1997.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.49 (Lower) Woehler AAD 19 RS66997_D325 marked 2000.jpg
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Shelters 
 

1850s Excavations 

 
The first “facilities” on Heard Island were holes in the ground, dug by the sealers dug to get out of the 

wind and snow. They covered the holes with boards, providing poor, but life-sustaining, protection from the 

violent weather above them. According to Angela McGowan (2000): 

 
The first recorded group of sealers to winter at Heard Island, in 1856, are said to have 

lived in square holes dug in the ground and covered with wooden boards, moss, and snow 
(Lanman, quoted in Law & Burstall 1953:2). Moseley, from the 1874 Challenger expedition, 
also found sealers living in holes under wooden roofs (Moseley 1879). 

 
The following drawing from McGowan shows how these shelters might have looked.  

 

 
FIG. 5.50 Diagram of the sealers’ hut at Long Beach, cut away to show the construction and interior 

 

1860-1880s Rocks 

 
With an effectively inexhaustible source of carryable rocks, the sealers soon built above-ground shelters, 

and those lasted long after the sealers were dead and gone. Inevitably, the fierce winds and water on Heard 

Island ensured their systematic disintegration, so only remnants remain today. Again, according to Angela 

McGowan,  

 
These huts consisted of stone footings with wooden upright posts. The stone walls were 

between 1 and 2 m thick enclosing a rectangular wooden hut 3.5 m x 4.5 m with a single 
pitch wooden roof.  

 
The pile of rocks seen in the following set of recent photographs is well-known to visitors. Lying at the 

northern edge of Corinthian Bay, on the opposite side of the Nullarbor from Atlas Cove, they have been 

photographed by virtually everyone who comes to the island. Usually, there is a pod of elephant seals 

lounging next to this rockpile.  

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.50 Sealers dugout shelter proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.50 (inset) Sealers Hut Corinthian Bay.jpg
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FIG. 5.51 Remains of the shelter at Sealers Corner, at the northern edge of Corinthian Bay 

 
Shelters such as those shown (in ruin) above probably were used over the entire period of sealing, until 

perhaps 1880. But when Erich von Drygalski arrived in 1902, he found something different: 

 
To the left of the mouth of the stream, where the lava flow rises clear of the cinder 

rubble, there was a derelict wooden hut, built on the flow itself and surrounded by a high 
earth bank overgrown with grass (Poa cookii) and Kerguelen cabbage. It had simple board 
walls and five plank bedsteads inside, and an assortment of rusty iron boat tools and hunting 
equipment. At the front near the door, we found an inscription cut in the wood recording 
the shipwreck of an American bark, and the eventual rescue of the stranded mariners by an 
American gunboat. Around the hut, there were still many barrels full of oil, sufficient proof 
of the activities of the shipwrecked party. The house had a romantic air, and with its green 
bank looked almost habitable from the outside, but the greensward was deceptive, for 
inside it was decayed and empty. 

– – Drygalski, p. 125 

 
It is quite possible that this shelter was made and occupied by the crew of the Trinity. On one of the last 

sealing expeditions to Heard Island, the 316-ton barque, skippered by John L. Williams, arrived at Spit Bay 

on 17 Oct 1880, but was soon lost when it ran aground in a gale. The crew camped on the beach for 18 

months, until the men finally were rescued by the U.S.S. Marion. It seems likely that the crew, thrilled to 

leave, didn’t take time to dismantle their shelter. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.51 (Upper left) Arie_1997_part_2_IMG000 crop 2 trimmed 72 dpi date.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.51 (Upper right) Woehler AAD 60 RS67049_4968-D4 proc crop proc crop 1 date.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.51 (Lower left) Francis_Lynch_2002 exp24 crop proc proc date.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.51 (Lower right) RWS_IMG_4641 _crop trimmed proc 72 dpi date.jpg
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1960s-1970s Crates 

 
Before commercial shelters were available, the ANARE expeditions made use of wooden shipping crates. 

The shelters shown in FIG. 5.52 –  FIG. 5.55 are quite primitive. Originally the crates were for transporting 

aircraft engines and parts. Doors and windows had to be cut out of the walls. The Spit Bay crate was 

precariously perched on the loose cobble beach as level as possible for the comfort of occupants. 

 

 
FIG. 5.52 Shipping crate shelter. The lettering on the wall is not quite decipherable. The best this author could 

do is _RA__NI__/HEILAN_/HA__, where “_” is unreadable. The date of the crate is unknown. 

 

 
FIG. 5.53 Shipping crate shelter with rock wall 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.52 from_Budd_PPT PIC_042. proc crop.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.53 from_Budd_PPT PIC_017 proc crop proc.jpg
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FIG. 5.54 Shipping crate shelter at Spit Bay 1980 

 

 
FIG. 5.55 Shipping crate shelter at Spit Bay 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.54 Spit Bay crate hut crop clarity.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.55 from_Budd_PPT PIC_043 proc crop proc.jpg
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The shelter shown in FIG. 5.55 is from the 1960s-1970s. The 1980 AAD Expedition Report describes it: 

 
This hut is now in poor condition. The flat roof is concave and fills with water which 

leaks into the hut. The door has blown open since 1971 and both door uprights have rotted 
badly. The bottom 30 cm of the door was missing, and the floor was covered with 2 cm of 
water. 

Penguins shelter in the hut and the plastic and tarpaulins covering the stores are a mess 
of guano. Although still a refuge from the howling wind it is a leaking mess. There was no 
time for effective repair or renovation. New boards were placed on the bottom part of the 
door and the entrance wired up. No attempt was made to clean the hut out or fix the holes 
or leaks. 

In its time, it has proved to be a very important refuge, particularly in 1963 and 1971. 
Although it could still be made habitable by cladding the whole exterior of the hut in suitable 
material sheeting, changing the roof camber, and relining the inside, it really needs 
replacement. For the hut to have survived some 30 years, it must be in a suitable site. It is 
time the hut was replaced. A replacement could be landed complete or in prefabricated 
sections. 

 

1980s Pumpkins and apples 
 

FIGs. 5.56–5.58 show fiberglass shelters in use by the AAD since the mid-1980s. They are variously 

called googies, pumpkins, and apples.  

 

 
FIG. 5.56 Shelters used on Heard Island from the 1980s. After their use on Heard Island, these particular 

shelters were moved to Béchervaise Island (near Mawson). 

 
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.56 JACARA hi-base2 crop 72 dpi date.jpg
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FIG. 5.57 Apple shelters installed by the AAD in 1987. (Upper) Shelter just east of the ANARE site in 2012. 

Josephine Budd in front.(Lower) Shelter on Laurens Peninsula in April 2016. The doors of both of these 
shelters had been blown off by the wind. 

 

  
FIG. 5.58 Interior of the Laurens Peninsula shelter April 2016 

 

The notation on the wall of the Laurens shelter reads: “Lᴀᴠᴀ Tᴜʙᴇs Left Harbor – East coast. Red 

Island. NW swell, SW wind. Mick Davidson 7 November 2000.” Davidson was a member of the Australian 

Autonomous Underwater Vehicle (AAUV) project in 2019, but the reason for being on Heard Island in 2000 

is not known. Another mark elsewhere in the shelter reads “Stu & Karl. 26-28 Dec 2000.” These persons 

might be Stu Fitch and Karl Rollings (Green and Woehler, Heard Island: Southern Ocean Sentinel, 2003) 

 
  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.57 (Left) Jo Budd at ANARE apple marked 2012.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.57 (Right) Fred_100_DSC_0347 crop 72dpi dated2016.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.58 (Left) Fred_100_DSC_0349 marked 2016.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.58 (Right) Fred_100_DSC_0338 proc.jpg
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1990s Water tanks 

 
Modified water tanks were used extensively. They were towed between ship and shore. A set of five were 

left on the headland at Spit Bay and two at Atlas Cove. They are still there (2021).  

 

 

 
FIG. 5.59 Water tank shelters at Spit Bay in 2004, located near the east end of the Stephenson Lagoon barrier. 

The shelters had walk-in refrigerator-type doors and canvas windscreens. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.59 (Upper)  Andy Cianchi  Spit Bay 08 128 proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.59 (Lower) Water tank shelter 2004 proc crop date.jpg
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FIG. 5.60 shows the base for a shelter (now gone and replaced by the two water-tank shelters. The 

Admiralty Hut ruin in the background is indicated by the red rectangle. The interior of the water tank shelter 

is shown in (Bottom). During 2016 members of the team repaired the door and its rusted handle. 

 

 

 

   
FIG. 5.60 Shelters. (Top) Original platform for the “Arbec 2” shelter. The box marks the Admiralty Hut and 

medical facility.  (Middle) The twin water tank emergency shelters installed on the Arbec 2 platform. (Bottom) 
The inside of one shelter is set up for work and sleep; the other is a galley, storage, and the repository of the 

Heard Island logs. In 2016 the door on this shelter was badly in need of service, which was performed by a 
member of the Cordell Expeditions team (Alan Cheshire). 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.60 (Top) Arie_1997_part_1_IMG0063 proc crop box marked 1997.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.60 (Middle) RWS_IMG_4451 crop marked 2016.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.60 (Bottom) Water tank shelter incl door 2016.jpg
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2000s Ribcage tents 

 
Ribcage tents made by Weatherhaven were used by the AAD and also by the 1997 Cordell Expeditions. 

Although they were roomy and durable, they took precious hours to erect. Four 20-ft. tents were used to 

support 20 men in 1997 (two sleepers, a mess, and a communications facility). 

 

 

 
FIG. 5.61 Ribcage shelters. (Upper) Weatherhaven shelters used by the 1997 Cordell Expedition. (Lower) An 
extensive campsite at Spit Bay, including water tank shelters, single-pole tents, and a ribcage shelter 2004. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.61 (Upper) VKØIR slide 16 scan  clarity crop 2 dated1997.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.61 (Lower) Spit Bay antarctic crop proc marked 2004.jpg
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2010s Airbeam tents 

 
The 2016 Cordell Expedition used Airbeam shelters. As shown in FIG. 5.62, the tents are supported by 

inflated semicircular tubes. Inflation took about 15 minutes for each shelter. The shelters were connected by a 

passageway; one shelter was used for operations, the other for sleeping. 

 

 

 

 
FIG. 5.62 Airbeam shelters used by the 2016 Cordell Expedition  

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.62 (Top) Dave_070_K3EL-3310028_crop crop 72 dpi date.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.62 (Middle) lip1 marked 2016.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.62 (Bottom) ampsite_3.5_Clip_47_crop.jpg
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Foundations 

 
About 100 m to the east of the ANARE station ruins is a bare concrete foundation. The original use of this 

foundation is not known to the author. Note that some of the wooden boards in the center are still in the same 

place after 30 years. 

 

 

 
FIG. 5.63 Foundation. (Upper) Aerial image 1986. (Lower) Ground view 2016.  

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.63 (Upper) MIA39_12 crop crop crop crop exp.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.63 (Lower) Arliss_130_DSC_4897 marked 2016 exp.jpg
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Markers 
 

A   B 

C   D 

E   F 

FIG. 5.64 Various markers found in the Atlas Cove area, some within the ANARE Site. 
(A) Australian National Mapping Agency AUSLIG Geodetic Control Station AUS93. (B) AUS98. 

(C) AUSLIG GCS AUS93-RM1. (D) AUS93-RM3. (E) Australia NMOS.  
(F) Plaque left by Cordell Expeditions in 1997, now in the custody of the AAD, Kingston, Tasmania. All 

other photos were taken during the 1016 Cordell Expedition. 

  

file:///L:/PICs_Chapter_5_Facilities/FIG. 5.64A  _CE_2016_Adam_IMG_0010.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.64B Alan_036_DSC00705_proc.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.64C _CE_2016_Adam_IMG_0012.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.64D _CE_2016_Adam_IMG_0011 edit.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.64E Boimage94 perspective-corrected.jpg
file:///L:/PICs_Chapter_5_Facilities/FIG. 5.64F Arie_1997_part_2_IMG0069 crop straighten crop bkg.jpg
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Chapter 6 Debris 
 

Overview 
 

Debris is such a common word almost everyone knows what it means: “I can’t define it, but I know it 

when I see it.” In fact, it is rather well-defined, although it varies according to the field one considers 

(geology, meteorology, biology, etc.). Generally, it means “scattered pieces of waste, remains of anything 

broken down or destroyed; ruins, rubble, wreckage, litter, discarded garbage/refuse/trash, or scattered remains 

of something destroyed or discarded.  

On Heard Island, the main sources of debris are the ocean (marine waste), the ANARE station, and other 

remnants of human occupation. We do not include “geological wastes” such as landslides, volcanic 

explosions, avalanches, mudflows moraines, lahars, and lava eruptions. We do, however, include “biological 

wastes” such as dead vegetation (including marine vegetation), animal carcasses, and bones.  

The accumulation of human-made debris began as soon as the ANARE team was landed in December 

1947. Within just a few days, a windstorm caught the Walrus aircraft they brought with them and turned it 

over and over, not only wrecking it but also scattering pieces of it across the shore. The wreckage sat on the 

beach for 32 years, slowly rusting, corroding, or being buried in blowing sand. Finally, in 1980, there was a 

request (and successful effort) to salvage it.  

Few people thought that the material within the ANARE station (fuel drums, board pieces, food scraps, 

surplus containers, etc.) should be considered “debris” (it was essential, after all). It would be fifty years 

before the explosion of marine debris reached public awareness and concern. The real motivator for cleanup 

was the advanced disintegration of the ANARE site. In 1997 my team and I saw (and documented) the 

extensive shards being blown off the ANARE buildings: boards, bottles, wires, and all manner of metal parts 

were splashed everywhere within a hundred meters (and further) of the buildings, and the buildings 

themselves were pitiful wrecks appreciated only by the mountains of elephant seals that inhabited them.  

The AAD finally decided something had to be done, so in 2000/01 they sent a team to do cleanup. 

Discovering that there were items on land that weren’t brought there by people, they enlarged the task to 

include marine debris. Team member Stu Fitch walked the beaches of Heard Island daily for four months 

surveying and collecting marine-borne debris. Here is what he found (Activity report and Grit 2000-2001): 

 
 14 pieces of green nylon line 
 Black plastic tube 
 Cigarette lighter, mainly plastic 
 Clear plastic drink bottle 
 Four pieces of apparently melted 'smalls' [plastic] 
 Irregular shaped piece of blue plastic 
 Old light globe 
 Old marker pen  
 Old plastic drinking straws 
 Opaque plastic lid from a film container or similar 
 Opaque plastic salt or pepper lid 
 Piece of Styrofoam 
 Piece of white candle 
 Six pieces of broken glass 
 Small piece of blue plastic with small spheres on it  
 Spirit bottle (glass, 600 ml) 
 Square piece of white plastic with a hole in the middle 
 Three plastic line fishing floats or parts of floats 
 Two plastic pen caps 
 White plastic nasal inhaler. 

  

https://en.wikipedia.org/wiki/Litter
https://en.wikipedia.org/wiki/Waste
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A 1-page summary describes what they did: 

 
Clean up of a Former Subantarctic Research Station at Heard Island 
The station ruins are cited in the Heard Island Wilderness Reserve Management Plan as 

a potential environmental liability, as an occupational health and safety hazard to visitors, 
and a risk to wildlife and aesthetic values. Accordingly, the Australian Government 
announced in May 1998 that the Australian Antarctic Division (AAD) would be responsible 
for cleaning up the site, including demolishing ruined structures and collecting scattered 
debris in the vicinity. The AAD scheduled cleanup activities for the 2000/2001 season. This 
included developing a Cultural Heritage Plan for the site and an environmental assessment. 
A four-person cleanup team visited Heard Island in November 2000 with the objective of 
cleaning up the derelict buildings and rehabilitating the site, provided that doing so would 
not damage the environment or detract from the site’s heritage values. 

The cleanup team achieved the following: 

 
 Collected debris scattered around the site 
 Collected post-ANARE artifacts that were unlikely to survive the elements 
 Dismantled 13 buildings that posed an environmental threat 
 Disposed of combustible, non-plastic material that did not have significant 

heritage value by controlled burning on-site 
 Retained only those parts of the structures (such as floors of demolished huts, 

foundations, concrete pads, engine blocks, tanks, etc.) that were likely to 
survive for the foreseeable future, … 

 Shipped 25 tons of waste to Australia for disposal, including 1.2 tons of waste 
asbestos-cement sheet and asbestos insulation, … 

 Stabilized the former recreation hut in accordance with the Cultural Heritage 
Plan 

 Surveyed and documented buildings and artifacts at the site. 

 
The cleanup was successful in preserving a record of Australia’s activities in the 

Antarctic, removing a substantial amount of waste material, and reducing environmental 
and safety hazards. 

 
During the 2016 Cordell Expedition, one of the most startling things we noticed was the amount of plastic 

debris on the western beaches, especially around Erratic Point. Gavin Marshall recounts his observations: 

 
We were dismayed at the level and type of waste that was washing up on the island. 

One of our commitments for the trip was to conduct a survey in conjunction with Australia’s 
Tangaroa Blue Foundation, and to determine the scope of marine debris and pollution on 
the shores of Heard Island. Tangaroa Blue estimates that there are 18 pieces of plastic per 
square meter of ocean. Being south of the major Southern Ocean Currents, Heard Island 
should be free from plastic debris. Sadly, we found that this was not the case.  

I was stunned by my first glimpse of the cliff lines of Laurens Peninsula, but the most 
vivid picture I now have in my mind is of all the plastic drink bottles floating in the water at 
Erratic Point. I did not expect this simple data collection activity to have the emotional 
impact on me that it had. I felt sick. It reminded me of a rubbish dump. I now understand the 
Tangaroa Blue message: ‘If all we can do is clean-up; that is all we will ever do.’ We have to 
do more.  
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Another member of the 2016 expedition, Jim Colletto, recorded his observations: 

 
I studied the trash on the beaches. … Pareto’s 80-20 rule did apply: 80% of the beaches 

were trash free, but 20% of the beaches were trash dumps. … For example, in one 200’ 
stretch of beach I found 46 plastic soda bottles, 17 ancient glass coke bottles, 10 plastic 
detergent containers (e.g., Chlorox, Tide), and 5 large (ca. 3 ft. diameter) fishing buoys. 

 

Later in the chapter we describe in detail a coke bottle found during the 1997 Cordell Expedition. 

 

Sealers' artifacts 
 

In 1986/87, Angela McGowan and colleagues conducted an extensive (and comprehensive) documentation 

of the archaeological remains on Heard Island. Among the items they described were shelters, tools, and 

graves. In some cases, the main sites (Corinthian Bay, Spit Bay) had been occupied for years, while in others 

there was only the most meager evidence of temporary occupation. McGowan photographed and described 

the remains of a blubber press found in the Spit Bay area. FIG. 6.1 shows a sketch she made of the artifact 

(slightly rearranged). McGowan commented on the archaeology of Heard Island: “The largest and best sites 

are fast disappearing along with all their information….” 

 

 
FIG. 6.1 Sketches of blubber presses used by the sealers in the period 1855-1875 

 
  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.1 Blubber press rearranged.jpg
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Try pots 

 
Try pots were used for reducing (boiling down) seal blubber. They were made of iron, invariably an oblate 

spheroid with characteristic flats on opposite sides. They held about 50 gallons of oil. 

 

 
FIG. 6.2 Warwick Deacock examines try pots, more than a century old 1982. 

 

  

  
FIG. 6.3 The sealers try pots are among the most enduring debris. In reading order: 1997/2003/2008/2016  

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.2 Warwick Deacock 1982 HI expedition Jonathon Chester proc crop marked 1982.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.3 (Upper left) HI HighRes009 proc.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.3 (Upper right) Woehler AAD 24 RS67013_4821-A1.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.3 (Lower left) Clip reduced.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.3 (Lower right) Alan_DSC00722 proc crop.JPG
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Machinery 
 

Landing craft 

 
In 1969 the USCG Cutter Southwind lost a landing craft. The metal vessel was wrecked on the east shore 

of Laurens Peninsula and is visible in satellite images.  

 

  

 

 
FIG. 6.4 Wreck of the landing craft from the USCG Cutter Southwind. (Top) Location of the wreck on the east 
shore of Laurens Peninsula. (Middle) 1969. (Bottom) 1997. The wreck is located at 52°59’59”S 73°20’44”E. 

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.4 (Top left) Southind cutter location.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.4 (Top right) Southind cutter detail.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.4 (Middle) Milburn 1969 Untitled-47 crop marked 1969.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.4 (Bottom) David VK6DAM neg scan 58 72dpi marked 1997 (2).jpg
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Bulldozer 

 
The D-4 Caterpillar tractor/bulldozer was landed with the first party in Dec. 1947 and used to aid in 

landing the rest of the gear for the ANARE station. It found extensive use in a variety of jobs from hauling 

water to levelling terrain to erecting the 130-m wireless aerial.  

 

 

 
FIG. 6.5 The D4 Bulldozer. (Upper) 1997. (Lower) 2016. Like the try pots and the trailers, the bulldozer 

acquired a patina of rust, but it has not completely deteriorated, in contrast to fuel drums, which rusted away 
completely. 

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.5 (Upper) David_1997_scans bx10lr004 72dpi marked 1997 proc.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.5 (Lower) RWS_IMG_4253 crop proc marked 2016.jpg
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Trailers 

 
The remains of several trailers are in evidence at the ANARE station site even to the present date. They 

were two-wheelers, with a steel frame and wooden floors.  

 

   
FIG. 6.6 Two (different) utility trailers abandoned at the ANARE station. (Left) 1997. This trailer has 

mismatched tires and it lies upside down on the ground. (Right) 2016. This trailer has matching tires.  

 

 
FIG. 6.7 Detail of one of the tires on the 1997 trailer. The tires are remarkably unweathered and completely 

free of growth or deterioration, even after 70 years of being open to the weather. Because ultraviolet 
radiation is a major factor in the degradation of tires left outside, it seems likely that the pristine condition of 

the tires might be due partially to the relatively low UV exposure on Heard Island.  

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.6 (Left) Trailer image1 flip horiz proc 72dpi. marked 1997 crop.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.6 (Right) Trailer image _CE_2016_Gavin_DSC_2052 exp proc marked 2016.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.7 2435-B3 crop marked 1997.jpg
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Generators 

 
The engine room/powerhouse held the two diesel generators. They became some of the durable relicts of 

the sit– they were still in place as of 2016.  

 

 

 
FIG. 6.8 Ruins of the powerhouse, including remnants of the generators. (Upper) 1997. (Lower) 2008. 

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.8 (Upper) 2435-A4 proc marked 1997.jpg
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Fuel drums 

 
The men at the ANARE station were challenged to carry out their basic duties, much less had time for 

housekeeping. As these photographs show, as the empty fuel barrels started to accumulate, they were simply 

thrown into a dump. This messiness continued over most of the next 50 years.  

 

 

 

 
FIG. 6.9 Fuel drum accumulated around the ANARE station. (Top) 1948. (Middle) 1969. (Bottom) 1986. 
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Furphys 

 
Water at the ANARE station was generally kept in a “Furphy,” a steel tank that held 180 gallons. 

Manufactured since 1864 by the Furphy Foundry in Shepparton, Victoria, they were marketed as “Furphys 

Farm Water Cart,” to provide a safe and convenient way to hold and distribute water on a farm, including 

firefighting. Apparently, the ANARE planners were impressed– the remains of more than a dozen Furphys 

still inhabit Atlas Cove.  

 

 

 
FIG. 6.10 Furphies were scattered all over the ANARE site. (Upper) End view of the tank in front of the medical 

building in 1986. As of 2016 this tank still rests on its stand in its original location, although the hospital 
building is completely gone. (Lower) Multiple “Furphies” abandoned in front of the medical building, seen in 

2000. The remnant of the Admiralty Hut is at the rear, upper left. 

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.10 (Upper) HIA50_11 proc marked 1986.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.10 (Lower) 2436-A5 crop marked 2000.jpg
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When first manufactured, the end castings of the tanks were plain. But when the founder John Furphy 

realized the value of advertising, he introduced raised lettering to promote his company's name and a list of 

the products it made. Over the years, other phrases were added, including the slogan: 

 
GOOD. BETTER. BEST 

NEVER LET IT REST 
TILL YOUR GOOD IS BETTER 

AND YOUR BETTER BEST 
 

Later, the company added a drawing of a stork holding a baby with another shorthand message: “Produce 

and populate or perish”, which was a version of the slogan “Populate or perish”. Prime Minister Billy Hughes 

(1915 to 1923) used that phrase to try to convince Australians to have lots of children so Australia’s 

population would grow quickly.  

 

 
FIG. 6.11 (Left) The end plate on a Furphy water tank on Heard Island in 1997. This particular design, one of 

nine, was first manufactured in 1942, which accounts for the inscription just below the main title. (Right) 
Drawing of the endplate, which was designed by William Furphy. 

 
The cryptic line across the midline of the end plate was added in 1920 by William Furphy, eldest son of 

the founder. It is written in Pitman Shorthand, at one time the most-used shorthand in much of the world. The 

shorthand message was updated in 1925: 

 

 

 

Water is the Gift of God, but Beer and Whisky are concoctions of the Devil. 
Come and have a drink of Water. 

 
FIG. 6.12 The inscription in Pitman Shorthand, and the plaintext 

 
  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.11 (Left) Arie_1997_part_1_IMG0073 exp proc.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.11 (Right) Furphy end diagram.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.12 2436-B1. rot crop.jpg
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Inorganic debris 
 

Metal 

 

(A)   (B) 

(C)   (D) 

(E)   (F)  

FIG. 6.13 Various metal fragments of unkown origin. (A,B) 2004. (C,D,E,F) 2016.  

 

  
FIG. 6.14 Metal fixture (unknown purpose). (Left) 1997. (Right) 2016. 
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FIG. 6.15 Mixed debris on the ANARE grounds, both in 2008.  

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.15 (Upper) Andy Cianchi 08 Heard Island Images_Jodi Wruck0018. marked 2008ai.jpg
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Synthetics 

 

Reports of post-ANARE AAD visits (e.g., 1985, 1992, etc.) list categories and numbers of debris items 

observed: fishery floats, polypropylene and hemp rope, polystyrene, glass bottles, plastic fragments, cans, 

aerosol cans, glass bottles, cork objects, rubber, light bulbs, and miscellaneous fragments. Jim Colletto, a 

member of the 2016 Cordell Expedition, noted that about 80% of the beaches were trash-free, while 20% 

were trash dumps. Whether this is an application of Pareto’s 80/20 Rule or not is not obvious. 

 

(A)   (B) 

.(C)   (D) 

(E)   (F) 

FIG. 6.16 Synthetic material debris found on Heard Island. (A) 2008. (B,C,D,E,F) 2016. 
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Plastics 

 

Gavin Marshal (Cordell 2016): “We were dismayed at the level and type of waste that was washing up on 

the island … The most vivid picture I now have in my mind is of all the plastic drink bottles floating in the 

water at Erratic Point. I felt sick. It reminded me of a rubbish dump.” 

 

  

  
FIG. 6.17 Plastic bottles found on Heard Island 2016 

 

Glass 
During the 1997 Cordell Expedition, a clear-glass Coke bottle was found by team 

member Wes Lamboley (FIG. 6.18). The bottle is 194 mm high, 59 mm diameter at its 

base, and weighs 13.5 oz, i.e., a standard Coke bottle. The bottle had lain in the sand 

with about1/3 of it exposed to windblown sediment, which crazed that part of the 

surface. The dividing line between the clear and crazed surfaces can be seen in the 

figure at left. The clear part was protected by being buried in the sand. 

 Embossed on the bottom is “3 AG 47 / M.” It is tempting to assume that this means 

bottled in Melbourne on 3 August 1947, and possibly brought by the first ANARE 

team in Dec. 1947, but this is not certain. On the edge of the bottom also appears “5 9 

(?)” and “O” in relatively small letters. In the waist is the statement “REGISTERED 

DESIGN No Rd 17080,” which presumably refers to a Patent Office document. There 

are no other marks or indications of origin.  

 

   

FIG. 6.18  Coke bottle found 
in Jan. 1997 in the debris 

around the ANARE station. 
(Left) Showing the crazed 

surface. (Right) The bottom 
and diagram of the 

embossing. 
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FIG. 6.19 Debris scattered around the ground of the ANARE ruins 1997 

 

Organic debris 
 

Wood 

 

 
 

FIG. 6.20 Fragments of wood (about 8 and 12 cm wide respectively) that have been wind-blasted 
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FIG. 6.21 shows a set of photographs of board fragments around the sealer’s rock hut at Sealers Corner, 

Corinthian Bay. The boards, carried by the wind, came from buildings at the ANARE station, on the other 

side of the Nullarbor, almost exactly 1 km away. 

 

 
FIG. 6.21 Windblown boards 1997/2000/2002/2016 

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.21 RWS_IMG_4641 crop proc crop marked 1997 2000 2002 2016.jpg
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Kelp 

 

  

 

  
FIG. 6.22 Kelp found extensively on the shoreline at Heard Island. (Top left) 1997. (Top right)  2008. (All 

others) 2016. 

 
John Bechervaise had something capital to say about the kelp on 15 April 1953: 

 
The kelp is fascinating and terrible. Rooted just below the high tide level to the harsh, 

black rocks it streams out 15 or 20 feet in thick brown branches. lt appears alive and 
malignant sometimes, as though desperately straining to be free. And free it often is in long-
dead strands, growing yellow and stinking in decay. … lt is gross and slimy to walk over. But 
at a distance, against the light on the water, it is Medusan hair on the half-submerged heads 
of giantesses.  

– – Hince/John Bechervaise, Diary 
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Marine organisms 

 

   
FIG. 6.23 Marine invertebrates found on the shoreline around Heard Island 2016. (Left to right) Unidentified, 

Unidentified, Jellyfish. 

 

Carcasses 

 

  

  
FIG. 6.24 Penguin carcasses, presumably left from attacks by leopard seals seals 2016 
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Bones 
 

FIG. 6.25 shows an unidentified skeleton with some skin. The skull is peculiar: it is rounded and there is 

no obvious beak. The single leg appears to be penguin-like, but the jointing seems to be wrong. Overall, it 

seems most likely to be that of a penguin. 

 

 
FIG. 6.25 Unidentified carcass, probably a penguin, seen at Stephenson Lagoon 2016 

 

  
FIG. 6.26 Skeletons reduced to fragments 
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FIG. 6.27 shows the skeleton of a King Penguin. Note that, while the wings and all the flesh are missing, 

the leather feet are intact. This is, in fact, not uncommon; other examples are cited in the Bibliography.  

 

   
FIG. 6.27 Skeleton of a King Penguin 2016, showing its almost-intact feet 
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Vertebrae 

 

  

  

  

  
FIG. 6.28 Vertebrae seen during the 2016 Cordell Expedition. These are of various species. 
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Dolphin skulls 

 

  
FIG. 6.29 Dolphin skulls 2016 

 

Leopard seal skulls 

 

  

  
FIG. 6.30 Remnants of skulls and jawbones of Leopard Seals 2016. (Upper) Showing scale (30 cm). (Lower) 

Details of the teeth, unique to this species.  
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Whale bones 

 

  
FIG. 6.31 Bones from a whale found during 2016 Cordell Expedition. (Left) Forearm bone (radius). (Right) 

Forearm bone (humerus). The animal probably was an Antarctic Blue Whale (Balaenoptera musculus). Judging 
from these bones, the animal was about 6 m long at death. FIG. 6.32 provides identifications of these bones. 

 
 

 

 
FIG. 6.32 Identification of whale bones 2016. The 
skeleton illustrated is the original Antarctic Blue 

Whale specimen collected by the Western 
Australian Museum in 1898. The arm bones (at 

right) are actually from a Minke Whale Balaenoptera 
acutorostrata 

  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.31 (Left) DSC_3331_1 proc crop.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.31 (Right) Adam_015_DSC_3937 crop.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.32 (Upper) Antarctic Blue Whale Western Australia Museum rectangle.jpg
file:///L:/PICs_Chapter_6_Debris/FIG. 6.32 (Lower) Whale bones flippedot labelled.jpg
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Human bones 

 
In his book Twelve Came Back, author Peter Lancaster Brown gives us perhaps the most intriguing story of 

the sealing era. He was walking along the beach, one day in 1952, … 

 
Intent on watching the spectacle of crashing breakers swarming up the beach, I tripped 

against an obstruction almost hidden by the loose beach sand. Glancing back-purely out of 
curiosity– I could see the end of a white-looking object protruding about an inch above the 
surface. What could it be? I bent down and tried to wrench it up; but although the object 
would not yield, there was sufficient play in it to keep me interested. Using a piece of 
driftwood, I scooped away the loose sand. Six inches below the surface it became hard-
packed, almost like solid rock. Nevertheless, I persevered, and presently I was able to 
wrench it up after excavating a hole two feet deep.  

It was a very ordinary piece of board. Yet for some unknown reason, it seemed most 
significant. Why? Was it an old hut timber belonging to the era of the sealers? Why should it 
be buried almost vertically? The sea could never deposit it here in such a position. Might 
there be other objects further down? Attacking the hole once more, with my wooden tool, 
the very first scoop uncovered a grizzly object: a human skull. My interest was at a fever 
pitch now. No Egyptologist could have ever been more keyed up breaking the seal of a long-
dead Pharaoh's burial chamber. For the next thirty minutes, I carefully removed the sand 
over an area of about two square yards. Piece by piece I brought to light the remains of a 
human skeleton. 

 

  
FIG. 6.33 Exhumation of a skull 1952. (Left) Detail of the skull. Some authors have mentioned the possibility 

that the man was shot in the temple. (Right) The skull nicknamed “Yorick.” 

 
Brown continues his narrative (pp. 68-69): 

 
Gently raising the skull, I examined it closely. It had belonged to a man certainly no older 

than twenty-five years. All his teeth were still intact, and none showed the slightest trace of 
dental decay. The skull proved to be the vital evidence for my twentieth-century post-
mortem; it left no doubts in my mind as to how he had met his death: it was fractured. At 
the base of it was a hole, one inch in diameter with radiating cracks. Death must have been 
instantaneous. Except for the bare, white bones, the sealer's grave was empty; not a stitch 
of clothing, not even a button nor a rusty eyelet from a boot.  

In what circumstances had this young man met his death? What a chronicle of 
adventure he might tell if he were alive again. Had he been murdered by his mates, or had it 
been an accident? We shall never know. In the early days of the Island men often became 
demented owing to the extreme hardship and monotony of their existence. Some were 
known to have been "relieved" of their miseries for the benefit of the rest of the gang.  

file:///L:/PICs_Chapter_6_Debris/FIG. 6.33 (Left) 1947 Heard Island wild mute shots 37 proc.JPG
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As darkness was falling, I replaced the remains and covered them with sand, but I 
decided to take the skull and show it to the rest of the Expedition. "Yorick" (the skull's 
nickname was a foregone conclusion) was not too easy to carry as his teeth were loose, and 
periodically I had to retrace my steps to recover some that had fallen out. My reception was 
decidedly mixed. Some thought me a fiendish ghoul, and others just too frightfully 
"scientific." The skull was given a place of honor: on top of the piano in the mess-room. At 
the evening meal, Yorick monopolized the conversation. Gibbney couldn't resist: “Alas, poor 
Yorick! I knew him well…” 

 
Brown provides some commentary on the circumstances and adventures of the sealers: 

 
Little is known of the sealer-era on Heard Island because the old sealing ship logs 

seldom mention the daily happenings ashore. An Australian crew member of the sealer 
Offley, who landed on October 29th, 1858, so describes his first landing on the Island: 

 “…We were all ordered onshore on an island covered with ice and snow and without 
shelter or covering for our heads and bodies and amid the most intense and bitter cold, with 
snow dropping, having no fuel to make a fire to warm our numbed and frostbitten limbs. At 
length, we succeeded in finding along the beach some old portions of a wreck with which l 
managed to erect a place sufficiently large for us to crawl into. We were fully two days in 
erecting the few poles and a sail over them which was our home. In this place, you will 
hardly credit it, we had to exist for upwards of six months … Our fireplace was tussocks of 
grass and our fuel consisted of elephant blubber and penguin skins, for we could get no 
other. 

 “But worse was to follow. After they had filled 400 casks with elephant oil and loaded 
them onto the Mary Powell, the ship ran under the ice cliffs and was wrecked. But for the 
bravery of one young active American sailor, they had all lost their lives. He took a lance 

warp–and got out on the yardarm. When she rolled into the cliffs he jumped, held on, and 
with a tomahawk he cut his way to the top. When he had reached there, he passed his lance 
warp out and hauled the next lightest up. Then these two got the next heaviest, and so on 
till all were rescued. They had much privation. Many lost toes and some fingers with 
frostbite but eventually all were rescued by the Offley. £8,ooo worth of blubber and the two 
vessels were gone…” 

 

Brown’s skeleton wasn’t the only one found on Heard Island. In 1987/88, Eric Woehler found a solitary 

grave on the Nullarbor overlooking SW Bay. It was before GPS so all he could do was add a few rocks next 

to the headboard. Despite extensive searches in 2000/01 by Woehler and others, the grave was never relocated 

(it was likely covered by windblown sand). 

Woehler also re-discovered and mapped the cemetery that Max Downes had found overlooking Spit Bay 

in 1953. Downes had estimated it held 20 graves. The site was found by Woehler after a day or so searching 

the moraine. It is now officially named “Cemetery Ridge” (Eric Woehler, private communication). 
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Furphys 

 
A “Furphy”  is a metal water tank on wheels, manufactured and widely sold by the Furphy Foundry. The 

company was founded in 1864. Today the company is still operating (office: Glen Iris, Victoria 3146, 

Australia), but their product line centers on urban design products, street and park furniture, and outdoor 

structures (picnic settings, seats, benches, litter receptacles, bike racks, drinking fountains, bollards, tree 

furniture, park shelters, and custom solutions). “Furphy” became a word in Australian slang (see cartoon 

below left). 

 

  
FIG. 6.34 (Left) A cartoon explaining the slang meaning of “Furphy. (Right) A publicity photo of the Furphy.  

 
The main document describing Furphys is: 

 
History Barnes, J. and Furphy, A., 2005. Furphy: The Water Cart and the Word. Australian 

Scholarly Publishing Pty Ltd, Melbourne. 
 

Some specific aspects of Furphys are found online: 

 
Designs facebook.com/media/set/?set=a.176160975730248.45488.159896227356723&type=3 
Foundry https://www.furphyfoundry.com.au/the-story/our-history 
Gallery https://www.abc.net.au/news/2016-05-11/furphy-water-cart-finds-ironic-home-in-

press-gallery/7390970 
Pictures https://www.pinterest.com.au/marklintermans/furphy/ 
Prices https://www.kidsnews.com.au/history/prices-skyrocket-as-collectors-battle-over-iconic-

furphy-water-tanks/news-story/b347b8d2f7b10ce52f8c2c3303998946 
Slang https://www.pinterest.com.au/pin/16536723619258256/?d=t&mt=login 

 
The water tanks were the most famous of the Furphy Foundry’s products. The foundry also manufactured: 

 

“Chain yoke” Frame used to hold weights 
“Land grader” Grader used to level land 
“Plough wheel” Wheel on the front of a plow 
“Spike roller” A roller with a large number of spikes 
“Steel delver” A spike roller for digging into the ground. Also 

called a “porcupine roller” 
“Swingle tree” A wooden or metal bar used to balance the 

pull of a  draught (draft) animal when 
pulling a vehicle. It is a kind of whippletree.                           

  

FIG. 6.35 Swingle tree 
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PART 2 ROCKS 
 

 
Erosional remnant near Atlas Cove shows the results of thermo/hydro/mechanical fracturing 
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Heard Island is a huge volcanic rock edifice, but it is not solely made of volcanic materials. Having formed 

originally in deep water on top of the Kerguelen Plateau, extensive deep sediments were laid down. As the 

volcano was pushed up by the extrusion of molten lava, some of the sedimentary material was uplifted. That 

material is now found in limited beds of limestone at relatively low elevations on Heard Island.  

This volume is about the rocks of Heard Island. “Rocks” may seem completely familiar, but to be precise 

here are some definitions: 

 
A rock is any naturally occurring solid mass or aggregate of minerals or mineraloid (non-

crystalline) matter. It is categorized by the minerals included, its chemical composition, and 
the way in which it is formed. Rocks are usually grouped into three main groups: igneous, 
metamorphic and sedimentary. Rocks compose the Earth's outer solid layer, the crust. 

Igneous rocks are formed when magma cools in the Earth's crust, or lava cools on the 
ground surface or the seabed. Metamorphic rocks are formed when existing rocks are 
subjected to such large pressures and temperatures that they are transformed—something 
that occurs, for example, when continental plates collide. Sedimentary rocks are formed by 
diagenesis or lithification of sediments, which in turn are formed by the weathering, 
transport, and deposition of existing rocks. 

– – Wikipedia [Slightly edited] 

 
The severe weather of Heard Island causes a relatively rapid weathering and breakdown of the igneous 

rocks to fine sediments, which are then transported and collected by water flow. In some cases, such 

sediments have been recompressed, forming inhomogeneous outcroppings that are relatively easily 

disintegrated by the very high stresses produced by thermal cycling. As tough as they are, the rocks just can’t 

withstand the violence of the slow, but inexorable, forces of geologic process. 

 

In this VOLUME we describe the solid structures that make up the vast majority of Heard Island, the rocks 

that constitute the structure seen from its discovery in 1854 until the present. This description will be correct 

for hundreds of thousands of years into the future, but of course the rocks will not last forever. This Volume is 

divided between  

 

This VOLUME presents descriptions of the main areas of Heard Island (PART 3), the volcano Big Ben 

(PART 4), and the rocks that are found everywhere there (PART 5).  

 

PART 3 PROVINCES 
Chapter 7. Atlas Cove 

Chapter 8. Laurens Peninsula 

Chapter 9. The Spit 

PART 4 VOLCANO 
Chapter 10. Big Ben 

Chapter 11. Mawson Peak 

Chapter 12. Volcanic features 

PART 5 LITHICS 
Chapter 13. Outcroppings 

Chapter 14. Till 

Chapter 15. Sediment 
 
 

 
Facing picture: Fred Belton, Heard Island, 2016 
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SECTION 3 PROVINCES 
 

Chapter 7 Atlas Cove 
Overview 
 

Atlas Cove is as close to a Gift from God as you can get: an approach protected by a high mountain 

peninsula, opening up at its end in a spectacular semi-circular bay with a beautiful low-angle sand beach. If 

you don’t have a helicopter, you can still get onto Heard Island with a reasonable amount of comfort and 

safety by landing on this beach. All this is, of course, relative: Arthur Scholes, a member of the 1947 ANARE 

team, gave us his impressions: 

 
Atlas Cove stretched out almost in a complete [semi-]circle. The beach was stony and 

littered with hundreds of old dried bones, beaks, and animal skeletons. Here lay the 
bleached skeleton of a whale. Not a tree or shrub could be seen in the dismal landscape. 
Only the lower slopes and pressure ice ridges were visible through the hanging clouds and 
mist. 

 
Here is what he was looking at. The central feature is the magnificent crescent of Atlas Cove. To the right 

(east) is the desert-like Nullarbor and Azorella Peninsula in the distance. On the left (west) is the small green 

volcanic cone Mt. Aubert de la Rüe, and behind it the large and geologically oldest, Laurens Peninsula.  

 

 

 
FIG. 7.1 Atlas Cove from atop Mt. Drygalski 2016 
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The Cove 
 

From atop Mt. Drygalski, the beautiful panorama of Atlas Cove can be appreciated. In the photographs 

below, at left is the Laurens Peninsula. At right is the eastern tip of the Azorella Peninsula, known as Wharf 

Point, the most common landing site for visits to Heard Island. The first building erected on Heard Island (in 

1928) was just inland from Wharf Point. The ANARE station (1947-55) was built around that building.  

 

 

 
FIG. 7.2 Atlas Cove from atop Mt. Drygalski, taken during the 1930 BANZARE Expedition 

 

 
FIG. 7.3 Atlas Cove from atop Mt. Drygalski, taken during the 2016 Cordell Expedition 
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The pictures below show two views of the Cove from the sides: FIG. 7.4 is taken looking northwest, with 

Laurens Peninsula in the distance, while FIG. 7.5 is taken looking northeast, with Azorella Peninsula in the 

distance. The wide channel  leading to Atlas Cove is known as “Atlas Roads.” 

 

 
FIG. 7.4 Azorella Peninsula on 17 Dec 2008, looking west, with Laurens Peninsula in the distance 

 
 

 
FIG. 7.5 Atlas Cove and the Azorella Peninsula in winter 2012. Mt. Aubert de la Rüe is at left. 
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Flooding Atlas Cove: 
 

Not infrequently, the winds blow from the east, driving the water in Corinthian Bay up the beach and 

across the Nullarbor, flooding most of its flat plain. The penguins, of course, step aside and let the deluge 

proceed. Typically, it takes a couple of days for the flood to subside.  

 

 
FIG. 7.6 The Nullarbor in flood in April 2016, looking south toward Mt. Drygalski 

 

 
FIG. 7.7 The beachfront of Atlas Cove 2016. Elephant seals, penguins, red seaweed, and surf-rounded 

boulders. 
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Wharf Point 
 

FIG. 7.8 shows Wharf Point, at the northern tip of the cove. This image is an enhanced frame from a 1947 

video taken from the Walrus aircraft (see Chapter 4). It shows three landing craft in the cove, as well as the 

ephemeral creek draining into the cove from the flooded Nullarbor at right. At the time this photograph was 

taken the only building was the Admiralty Hut (see Chapter 5). 

 

 
FIG. 7.8 Wharf Point 1947, photo taken from the Walrus aircraft (before it was wrecked!) 

 

 
FIG. 7.9 Wharf Point 2008. The ANARE ruins are highlighted. 
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FIG. 7.10 Wharf Point and adjacent area 2016, taken by drone. The ANARE ruins (ellipse), AAD refuge shelters 
ca., 2000 (rectangle), and Cordell Expedition 2016 campsite (convex hexagon) are marked. Note the presence 

of many small ponds on Azorella Peninsula. 

 

 
FIG. 7.11 Wharf Point and adjacent area 2016, taken by drone. The ellipse highlights approximately the same 

area as in FIG. 7.10.  
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FIG. 7.12 Satellite image of Wharf Point, showing the ANARE ruins and the two AAD water tank shelters 2014. 

The green area is the “pool complex” that covers almost the entire Azorella Peninsula. 

 

 
FIG. 7.13 Ground view of Wharf Point, normally the choice for landing by visitors 2016. In the distance at left is 

Mt. Drygalski. The spaces between the clumps of Azorella are extensively used by elephant seals.  
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Azorella Peninsula 
 

Azorella Peninsula is composed of the Big Ben Series rocks, which are among the younger volcanic rocks 

of Heard Island. This series is present on all sides of the island (except Laurens Peninsula).  Unless covered 

by glaciers, it is an accessible exposure. 

 

 

 

 
FIG. 7.14 Azorella Peninsula. (Upper) View from the edge of the Nullarbor 1947-1949.  

(Middle) View from the slope of Mt. Drygalski 1969. (Lower) View across a flooded Nullarbor 1997. 
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Azorella Peninsula is named for its dominant plant, Azorella selago, the “cushion plant.” This plant is 

native to the subantarctic islands of the Southern Ocean, including the Crozet Islands, the Possession Islands, 

Heard and McDonald Islands, Kerguelen Islands, and Prince Edward Islands.  

 
 

 

 

 
FIG. 7.15 Azorella Peninsula.  (Top) Helicopter aerial view 5 Mar 2008. This spectacular view includes the 

Rogers Head (right-center) and Corinth Head (left). (Middle) View from shipboard in the Atlas Roads 2012. This 
photograph has been retouched, enhanced, and converted to black-and-white. (Bottom) View from Mt. 

Drygalski 2016. This photograph shows Wharf Point right of center. The locations of the 1947-1955 ANARE 
station, the modern AAD shelters, and the 2016 Cordell Expedition site are shown. 
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Rogers Head 

 
FIG. 7.16 Rogers Head 1930 

 
This spectacular feature was named for the Rogers family, including Captain Erasmus 

Darwin Rogers, who in 1855 made the first landing on Heard Island in the ship Corinthian; 
Captain James H. Rogers, master of the brig Zoe; and Henry Rogers, first mate of the Zoe, 
who in 1856 was the leader of the first party to winter on the island. 

– – Wikipedia 
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The stability of rock piles can be appreciated in FIG. 7.17. These two pictures were taken from almost 

identical viewpoints. One might have expected that, due to the unconsolidated nature of the rock pile, after 

more than 70 years it would have been significantly changed, but close examination reveals that almost every 

identifiable rock is still in essentially the same place. The author estimates that there are about 800 penguins 

apparent in each of the two photographs (each dot in the details is an individual penguin). 

 
 

 
FIG. 7.17 The foot of Rogers Head. Photo Nov. 1929/Nov. 2000 
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FIG. 7.18 Rogers Head 1953 

 

 
FIG. 7.19 Rogers Head 1997 
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FIG. 7.20 Rogers Head 2008 

 

 
FIG. 7.21 Rogers Head and Dovers Crater 2002/2016 
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FIG. 7.22 Rogers Head. Shipboard photo 20 Nov 2012. 

 

 
FIG. 7.23 Rogers Head. View from Windy City (west end of Atlas Cove beach) 2016. 
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Mt. Drygalski 
 

Mt. Drygalski stands a little over 1 km southeast of Atlas Cove, at 53°2′S, 73°23′E. It is ice-free and 210 m 

high. According to Wikipedia: 

 
The feature appears to have been roughly charted on an 1882 sketch map compiled by 

Ensign Washington Irving Chambers aboard the USS Marion during the rescue of the 
shipwrecked crew of the American sealing bark Trinity. It was more accurately charted and 
named by Professor Erich von Drygalski, the leader of the 1902 German Expedition. Drygalski 
was a member of the landing party which investigated the area between Rogers Head and 
the summit of this feature.  

 

For visitors to Atlas Cove, it is an irresistible attraction: it can be reached and summited in one day. The 

view from the top is stunning–you can see  the entire Atlas Cove.  

 

 
FIG. 7.24 Mt. Drygalski 1947 
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The next two pairs of photographs (FIG. 7.25 and FIG. 7.26) were taken from very nearly the same spot. 

Like many photo sets in this book, it may be difficult to find differences between these But like the popular 

cartoon game that challenges the viewer to find differences between two pictures, there are differences, seen 

only by enlarging the images. The two photographs in each Figure can be viewed as a stereoscopic pair (put 

the 2008 photo at left, 1997 photo at right). Instructions for viewing stereo images can be found here: 

https://www.instructables.com/How-to-view-stereo-graphic-images/ 

 

 
FIG. 7.25 Mt. Drygalski 1997/2008. These two views above were separated by 11 years.  

  

https://www.instructables.com/How-to-view-stereo-graphic-images/
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FIG. 7.26 shows another pair of corresponding views of Mt. Drygalski. The camera positions were almost, 

but not exactly, the same (try to ignore the antennas that are present in the upper photo). Minute, but clear, 

differences exist in the shadows behind rocks and hills. Like FIG. 7.25, these two photographs can be 

arranged as a stereo pair (put the upper photo to the left, lower photo to the right).  

 
 

 
FIG. 7.26 Mt. Drygalski 2016. The two views above were separated by 18 hours and a few meters.  
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Mt. Aubert de la Rüe 
 

The French geologist Edgar Aubert de la Rüe and his party arrived at Atlas Cove in 1928 (see Chapter 5). 

They used a small building that had been constructed within the past year by the crew from a South African 

whaler, the Kildalky. His stay at Heard Island was very brief; it is commemorated by the volcanic remnant Mt. 

Aubert de la Rüe, just south of Laurens Peninsula. An early sketch of this scene is shown in FIG. 4.9. 

 

 

 
FIG. 7.27 Mt. Aubert de la Rüe 1947-49/1948. This small highly eroded volcanic cone lies at the southern tip of 

the Laurens Peninsula. 
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The lush green Mt. Aubert de la Rüe contrasts clearly with Laurens Peninsula (in the distance).  

 

 

 
FIG. 7.28 Mt. Aubert de la Rüe and Laurens Peninsula 2004/2016 
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Chapter 8 Laurens Peninsula 
 

Overview 
 

Laurens Peninsula was named by the ANARE in 1948. It derives from the existing name Cape Laurens, 

applied to the northwestern extremity of this peninsula after the American bark Laurens which, under Captain 

Franklin F. Smith, visited Heard Island in 1855–56 and assisted in initiating sealing operations there.  

 

 

 
FIG. 8.1 Laurens Peninsula. Satellite images. (Upper) Looking west. The tip of the peninsula to the right is 

known as Red Island. (Lower) Looking southeast, with Big Ben at rear. Red Island is at the far left.  

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.1 Laurens Peninsula GE full length.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.1 Laurens Peninsula GE 2008. proc.jpg
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FIG. 8.2 Laurens Peninsula seen from the ANARE station 1930/1947-49/2016. 

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.2 Aust Nat Lib PIC_47 ca 1930 crop proc dated1930.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.2 16 Arthur Scholes slides 03 crop proc proc dated1947 proc.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.2 FRED_102_DSC_069 crop proc dated2016.jpg
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Mt. Olsen 
 

This is the tallest peak (2080 m) on the Laurens Peninsula. It was surveyed in 1948 by the ANARE crew, 

who named it for Bjarne Olsen, first mate on the whale catcher Kidalkey, which visited the island in January 

1929. Note the weather station in the center foreground of the 1947 photo. 

 

 

 
FIG. 8.3 Mt. Olsen, seen from the ANARE station 1947/1997 

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.3 15 Arthur Scholes slides 18 crop proc marked 1947.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.3 Mike K9AJ slide 16 scan marked 1997.jpg
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FIG. 8.4 The peak of Mt. Olsen 2008/2016 

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.4 Andy Cianchi HI 08 General PICs_ 060 proc crop dated2008.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.4 Bill_CR4_8J6A2283 dateed2016.jpg
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Mt. Dixon 
 

The mountain was surveyed in 1948 by the ANARE and named by them for Lieutenant Commander 

George M. Dixon, RANVR (Royal Australian Naval Volunteer Reserve), Commanding Officer of HMAS 

Labuan which landed and relieved the 1948 and 1949 ANARE parties. It reaches an elevation of 705 m. 

(Wikipedia).  

 

 

 
FIG. 8.5 Mt. Dixon (peak) 2016. (Upper) Widefield view. (Lower) Telephoto view. The dashed rectangle in 

these two photos is (approximately) in common.  

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.5 FRED_102_DSC_0708 marked 2016.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.5 FRED_102_DSC_0709 marked 2016.jpg
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Charles Carrol Bluff 
 

FIG. 8.6 shows that the snow cover below the crest of the bluff decreased significantly from 1948 to 2016. 

 

 
FIG. 8.6 Charles Carrol Bluff 1948/2008/2016 

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.6 Charles Carrol Bluff 1948 2008 2016.jpg


 

Chapter 8 LAURENS PENINSULA ⃝ Page 253 

West Cape 

 
FIG. 8.7 shows that the snowline above the West Cape on Laurens Peninsula retreated significantly from 

1987 to 2006.  

 

 
FIG. 8.7 (Upper) Map of the West Cape (Laurens Peninsula), including the penguin colonies. The map was 
made by the 1987 AAD team, using aerial photos. (Lower) Satellite image of Laurens Peninsula West Cape 

2006, and showing the 1987 snow line.  

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.7 West Cape map 1987.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.7 Laurens Peninsula West Cape with 1987 snowline dated 2006 marked snowline.jpg
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Woehler Rock 
 

At the far end of Sydney Cove, on Laurens Peninsula, 1.35 km south of Red Island, is a most unlikely 

chunk of rock. It’s approximately elliptical (25x45 m), about 25 m high. It is some 55 m from the shoreline 

and is a nesting site for Blue-eyed cormorants.  

 

 

 
FIG. 8.8 Woehler Rock 2016. View to the northeast. These pictures show a lava flow overlying hexagonal 

bedding. The cylindrical structures on the top face of the rock are cormorant nests.  
 

Although it is not permitted to name features for living persons, the author wishes to apply the name 

“Woehler Rock” to this feature to honor Eric Woehler, adjunct to the University of Tasmania, for his 

extensive and sustained high-quality research and documentation of Heard Island. 

 

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.8 Gavin_DSC_5101_exposure crop proc.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.8 Gavin_DSC_5087_adj crop.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.8 (inset) Woehler Rock.jpg
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FIG. 8.9 Woehler Rock. (Top) View toward the east 2016. (Middle) View toward the west 2008. (Lower) 

Satellite view [Goiogle Earth 2006] 

 

Although it seems almost irresistible to infer that the rock broke loose from the shore and drifted out to 

sea, geologists opine that such drift is “very unlikely.” More likely is that weakness in the strata enabled 

erosion to remove the material from the shoreline and the rock, creating nearly congruent surfaces. Still, the 

match of surfaces is startling.  

  

file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.9 Gavin_Laurens_161_DSC_5030_adj_adj_adj crop edit.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.9 Andy Cianchi  Red Island 08 223 proc crop 1 proc.jpg
file:///L:/PICs_Chapter_8_Laurens_Peninsula/FIG. 8.9 Islet_04.jpg
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Chapter 9 The Spit 
 

Spit Bay 
 

 
FIG. 9.1 Spit Bay region, the easternmost point on Heard Island. The spit was created from sediment created 

glaciers and transported by streams and oceanic currents. Multiple sediment sources are visible in this satellite 
image of the Spit Bay region, particularly within Stephenson Lagoon. When the sediment-laden water reaches 

the ocean, westerly currents move it along the coastline, creating the spit. 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.1 5_Feb_2014 crop clarity.jpg
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FIG. 9.2 The Spit, seen in a photo taken from the flight of the Walrus in 1947. Shortly after this flight, the 

aircraft was destroyed in a windstorm at Atlas Cove. 

 

 
FIG. 9.3 The Spit 1986. This picture shows that the middle of the Spit has been eroded severely, leaving an 

isolated sandbar. 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.2 from_Budd_PPT PIC_024 1947 dated1947.jpg
file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.3 Hia03-26 proc crop proc proc dated1986.jpg
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FIG. 9.4 Map of the Spit Bay region 2000. This is AAD Map #3 of a series of five. In addition to the elevation 

contours, this map shows wildlife and the permitted fly paths.  

 

 
FIG. 9.5 Map of the Spit Bay region 2002. By this time Stephenson Lagoon had advanced inland about 1.5 km. 

Note also the presence of Sholes Lagoon, which does not show in FIG. 9.4, nor after about 2005. 
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file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.4 AADC Map 3 of 5 2000 proc.jpg
file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.5 spit_bay_zones.jpg
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Elephant Spit 
 

A spit or sandspit is a deposition bar or beach landform off coasts or lakeshores. It develops in places 

where re-entrance occurs, such as at a cove's headlands, by the process of longshore drift by longshore 

currents. The drift occurs due to waves meeting the beach at an oblique angle, moving sediment down the 

beach in a zigzag pattern. This is complemented by longshore currents, which further transport sediment 

through the water alongside the beach. These currents are caused by the same waves that cause the drift.  

 

 
FIG. 9.6 Elephant Spit, off the eastern tip of Heard Island 2008 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.6 Elephant Spit 17 Dec 2008.jpg
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FIG. 9.7 The Spit, looking northwest 2008 

 

 
FIG. 9.8 Map of Elephant Spit and the Scholes Lagoon area 1987. Note the max and min contours of the 
lagoon, emphasizing the variation in the extent of the lake over time. In addition, a “temporary lake” is 

indicated. The spit is shown with a large break, and the track of the sandbar is consistent with the track seen 
20-30 years later. 

 
  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.7 HI Spit from AAD website dated2008.jpg
file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.8 Scholes Lagoon 1987 Expedition Report.jpg
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Shape changes  
 

 
FIG. 9.9 Elephant Spit 2006/2011/2014/2016. To the left is Dovers Moraine, to the right is the Spit. 

 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.9 Spit Bay 2006 2011 2014 2016.jpg
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FIG. 9.10 The sandbar break in Elephant Spit 2004/2008/2011/2014/2016. Note both the development of the 
break and also the development of bends near the stem and detached segment. These bends are due to the 

diffraction of the waves as well as prevailing winds. 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.10 The Spit 2016_exposure crop dated 2004 2008 2011 2014 2016.jpg
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FIG. 9.11 Details of the eastern end of the break. (Top) 23 Nov 2011. (Middle) 5 Feb 2014. (Bottom). 20 Feb 

2016. There is essentially no evidence of vortices in this area. 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.11 The spit inside end 2011 2014 2016.jpg
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The Spit is a long sediment deposit that responds to the flow of the oceanic currents. In some sense, it is a 

beach, and the sand making up the beach is in constant motion. Big Ben supplies the raw material, the surf 

breaks it down to sand–size particles, and the currents carry it away from the island.  

One of the interesting results of this process is that the Spit is sometimes continuous, from its attachment 

to the island, and sometimes has one or more breaks in which the sand is washed away. Drawings of the Spit 

(FIG. 9.12) in several years show the changes in the Spit.  

 

 
FIG. 9.12 Three silhouettes of the Spit in different years 

 
From satellite images of the Spit, we can see an “oscillation” in the Spit. FIG. 9.13 shows periods when 

the Spit was intact (+) and periods when it was broken (O). Models of such instabilities were investigated by 

Ashton and Murray (2006), and others.  

 

 

 
 

FIG. 9.13 Oscillation of the Spit between being intact and being broken 

 
  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.12 Kiernan McConnell redrawn.jpg
file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.13 Spit break vs time.jpg
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Hydrodynamics  
 

In this section, we show several satellite images of the flow of oceanic water around the edges of Heard 

Island. These are satellite images; no field measurements were made; hence the actual cause of the flow 

structure remains to be determined. The author believes it is due to sediment loading. 

FIG. 9.14-9.19 shows the flow of water around the Spit. These images were digitally processed to make 

the water channel more visible, but they were not otherwise altered. 

FIG. 9.14 shows an image of Elephant Spit, taken by satellite on 29 Nov 2002. This image shows the flow 

of coastal water eastward along the southern side of the Spit, and its abrupt turn northwestward near the tip. 

(The white area is a cloud). Note that the Spit itself is intact– there is no breakthrough which the contrasting 

flow passes. The intersection of the flow and the Spit seems to indicate that the channelled water passed over 

the Spit, presumably driven by wind. This image remains an enigma.  

 

 
FIG. 9.14 Flow of coastal water past the Spit. This satellite image was taken on 29 Nov 2002. It was digitally 

enhanced to make the water flow visible, but it was not otherwise altered. 

 
  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.14 The Spit enhanced proc rotate dated 2002.jpg
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FIG. 9.15 shows the flow of coastal water to and beyond the Spit on 29 Jan 2006. It appears to be a regular 

feature of this flow that it moves along the southern coast of Heard Island and turns abruptly north as it passes 

the Spit. Note that the flow maintains its sharp boundary– there is no apparent turbulent mixing or extensive 

diffusion.  

 

 
FIG. 9.15 Flow of coastal water across the Spit, which induces the formation of eddies. This satellite image was 

taken on 29 Jan 2006. It was digitally enhanced to make the water flow visible, but it was not otherwise 
altered. 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.15 Spit nearshore flow 2006 proc.jpg
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FIG. 9.16 is a digitally enhanced image, taken on 23 Nov 2011, of the water flowing past the spit and into 

the open ocean. After passing over the spit, the flow breaks up into several large-scale eddies (vortices) that 

propagate almost 4 km before diffusing into structureless regions. These vortices are almost certainly the 

result of the Kelvin-Helmholtz instability, in which there is a velocity difference across the interface between 

two fluids. The K-H instability is seen in many fluid situations, including waves on water over which a wind 

blows, moving clouds, and planetary atmospheres. 

 

 
FIG. 9.16 Flow of water passed the spit, taken on 23 Nov 2011. This image was digitally enhanced to make the 

water flow visible, but it was not otherwise altered. 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.16 Spit flow 2011 1 burned dated2011 mod 4.jpg
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FIG. 9.17 is similar to the previous image, but it was taken on 20 Feb 2016. In this case, there is a series of 

scallops, i.e., vortices. These are produced by the Kelvin-Helmholtz (K-H) instability. This instability 

produces similar scalloped vortices in many fluids, including clouds, planetary atmospheres, and the sun. 

Such a pattern was seen in the clouds on Heard Island in 2016.  

 

 
FIG. 9.17 Motion of the shore water past the spit on 20 Feb 2016. This image was digitally enhanced to make 

the water flow visible, but it was not otherwise altered. 

 
While the K-H instability dominates the formation of the vortices, we are aware that other factors may be 

contributing. Thus, there will be differences between in the temperature, salinity, and sediment loading of the 

water flowing along the shoreline and water flowing in the open ocean. This difference will create density 

differences between the jet flowing off the spit and the open ocean. If this occurs, it likely would generate the 

Rayleigh-Taylor (R-T) instability, which occurs when a fluid of one density flows into a fluid of different 

density. Like the K-H instability, the R-T instability can generate vortices, which are often seen in 

atmospheric, astrophysical, and electrodynamic systems. With the limited information about the spit flow, we 

cannot know for sure the balance of processes that occurred when this image was taken. However, it is 

certainly obvious that the flow near and around Heard Island produces vortices and therefore the mixing of 

different types of water.  

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.17 Spit 2016 vortex train rot crop proc 1 proc 2 crop 1 dated2016.jpg
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FIG. 9.18 shows two more images of the spit instability. These are the same image as in FIG. 9.17 but 

digitally processed differently. 

 

  
FIG. 9.18 Different digitally enhanced versions of FIG. 9.17 

 
FIG. 9.19 shows that the Spit changes the relatively laminar flow into fine-scale turbulent flow superposed 

on the large-scale vortices. Careful inspection of the images in FIG. 9.9-FIG 9.11 shows similar structures in 

other years, although not as clearly as this example. 

 

 
FIG. 9.19 Detail of the passage of the jet (moving upward) across the sandbar 20 Feb 2016 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.18 Spit 2016 vortex train rot crop proc 1 proc 2 crop 1 color 1.jpg
file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.18 Spit 2016 vortex train rot crop proc 1 proc 2 crop 1 color 2 inverted proc vcrop.jpg
file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.19 The Spit current proc.jpg
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Worldwide, there are many sand spits that appear almost identical to that on Heard Island. FIG. 9.20 

shows one such spit, for the years 2004 and 2016. These images are rotated 90° CCW; that is, the spit actually 

extends toward the south. In the 2004 image, the flow of seawater, seen in the lighter color, is along the east 

side of the spit and then hooks around the tip toward the west. In the 2016 image, the flow is to the west; it is 

driven into incipient vortices as it passes over and beside the spit. 

 

 

 
FIG. 9.20 Spit at Fish Point Nature Reserve, Pelee Island, Ontario, Canada. (Upper) 2004. (Lower) 2016. 

  

file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.20 Fish Point Nature Reserve 2004.jpg
file:///L:/PICs_Chapter_9_The_Spit/FIG. 9.20 Fish Point Nature Reserve Fish Point Nature Reserve 2016. proc proc marked 2016.jpg
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SECTION 4 VOLCANO 
 

Chapter 10 Big Ben 
 

 

 
FIG. 10.1 Big Ben 1999. View of the east side of Big Ben. 

 

  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.1 Woehler AAD 6 RS66998_D1030 color adj crop 1 Marked 1999.jpg
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Views 
 

 

 
FIG. 10.2 Big Ben 1947. The exact locations of the camera are not known. 

  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.2 Scholes slides a1813018h proc  clarity 72dpi marked 1947.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.2 Scholes slides a1813033h proc proc clarity 72dpi repaired proc.jpg
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FIG. 10.3 Big Ben seen from the ANARE station 1969/1997 

  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.3 Milburn_1969_19 72dpi marked 1969.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.3 David VK6DAM neg scan 05 clarity 72dpi marked 1997.jpg
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FIG. 10.4 Big Ben 2003/2004 

 

 

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.4 Kate Kiefer RS3888 crop marked 2003.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.4 Woehler AAD 8 RS24943_IA32522 marked 2004 crop.jpg
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FIG. 10.5 Big Ben from the ANARE station 2012/2016 

  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.5 Margaret Whitelaw clarity marked 2012.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.5 _from Jodi Fox 2016. marked 2016.jpg
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High ridges 
 
 

 

  
FIG. 10.6 Big Ben seen from Stephenson Lagoon (near Spit Bay).  

(Upper) Looking northwest. (Lower) Two dikes on the upper slope.  

  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.6 RWS_IMG_5381_rot_crop_4.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.6 094_IMG_5371_dehaze crop.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.6 093_IMG_5370_dehaze crop proc.jpg
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FIG. 10.7 A high glacier as seen from Stephenson Lagoon.  

(Upper) Wide-field. (Lower) Telephoto. 

  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.7 110_IMG_5494_proc_crop_proc.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.7 111_IMG_5476_proc_crop+proc_proc_crop_vignette.jpg
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Columns 
 

 

 
FIG. 10.8 Remnant erosional column on a high ridge, seen from Stephenson Lagoon. (Upper) Wide-field. 

(Lower) Telephoto. 

 
  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.8 RWS_IMG_5360_crop_crop_proc_proc_adj.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.8 RWS_IMG_5293_proc_vignette crop proc.jpg
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FIG. 10.9 Remnant column on a high ridge, seen from Stephenson Lagoon. (Upper) Wide-field. (Lower) 

Telephoto. Compare this with Charles Carrol Bluff, at the entrance to Atlas Cove (cf. Chapter 8). 

  

file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.9 RWS_IMG_5484_crop_proc proc.jpg
file:///L:/PICs_Chapter_10_Big_Ben/FIG. 10.9 112_IMG_5486_proc_vignette.jpg
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Chapter 11 Mawson Peak 
 

 
FIG. 11.1 Mawson Peak is often shrouded in low clouds and fog. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.1 Bill_8J6A3257_proc_best marked 2016.jpg
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Mawson Peak was photographed from the air only once during the ANARE years, from the single flight of 

the Walrus aircraft. The aircraft was transported to Heard Island on Labuan in 1947 with the first ANARE 

team, but within a few days of the flight, a hurricane-level storm made a total wreck of the plane (Chapter 4). 

FIG. 11.2 shows that Big Ben has a rather flat top, surmounted by a rather symmetrical cone.  

 

 
FIG. 11.2 Mawson Peak 1947. This view, looking east, reveals the steepness of the ice fields, crumpled glaciers, 

and the rock buttresses that are generally bare in summer. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.2 Big Ben PIC by P. K .Law 1958_resize_2 crop.jpg
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FIG. 11.3 shows two views of Mawson Peak in 1947. These pictures can be used as a stereo pair (upper 

photo to the left, lower photo to the right). The caption for the upper photo is from the original.  

 

 

 
FIG. 11.3 Two views of Mawson Peak 1947. (Upper) [Original caption] Big Ben from the southeast in December 

1947, with Fiftyone Glacier and South Barrier in the foreground. Budd Pass (center) leads from the western 
edge of Fiftyone Glacier to Gotley Glacier beyond. The 1963 climb from Long Beach reached the pass from the 
left side of the photo, below the orientation cross. The 1965 climb from Capsize Beach reached the pass from 

the right side, via South Barrier. (Lower) Very similar picture, taken shortly after the previous one. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.3 Big Ben from the East Tim Bowden 1947  PIC 1 marked 1947.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.3 Big Ben from the East Tim Bowden 1947  PIC 2 marked 1947.jpg
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FIG. 11.4 Mawson Peak and surrounding high cliffs. (Upper) 1986. This photograph was taken from 

approximately the same orientation (facing west) as FIG. 11.3, but closer to the peak. (Lower) 2000. This 
photograph was taken facing more southerly. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.4 Hia03-27 proc crop proc crop black marked 1986.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.4 Clip_9 proc marked 2000.jpg
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The summit edifice 
 

FIG. 11.5 shows the view of the tip of Mawson Peak commonly seen by visitors to the ANARE station.  

 

 

 
FIG. 11.5 The tip of Mawson Peak in 2016 from the ANARE station. From this vantage point, the full extent of 

the edifice cannot be seen or appreciated. These photos show an eruption (smoking) in progress. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.5 Bill_8J6A3584 proc crop marked 2016.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.5 4 - RWS_proc proc.jpg
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FIG. 11.6  Mawson Peak. (Upper) As seen from the air 2000. The crater smokes far more often than it erupts. 

(Lower) As seen from Atlas Cove 2016. The summit shows considerable lumpiness, the result of multiple 
eruptions.  

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.6 Mawson Peak 01 clarity marked 2000.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.6 8J6A3304_crop_proc crop marked 2016.jpg
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 In FIG. 11.7, to the left of the summit, is the image of a man. This was added for scale– there was no one 

on the mountain when the picture was taken. 

 

 
FIG. 11.7 Mawson Peak 2016. The simulated figure of a man near the top (arrow) was added for scale. The 

smoke is sometimes white and sometimes black. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.7 Bill_181_8J6A3304_crop_proc_crop_proc_auto_man marked 2016 crop reduced man arrow.jpg
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The Crater 
 

Grahame Budd was part of the first team to summit Mawson Peak (in 1965). Afterwards, he wrote:  

 
The actual summit was a sort of pile of snow and ice, and the crater was off to one side 

and we could dimly see it. There was an ice-cliff going down and sounds of fizzings and 
hissings and billowing clouds of steam, and there were brown deposits on the ice and the 
exposed rock. And as soon as we’d done the essentials of waving flags and taking photos and 
shaking hands and so on, we tried to get down into the crater, but as soon as we got near it 
we realised it was very dicey because the ice was all weakened by the steam …  

 

In 1986/87 a major survey of Heard Island was done by the AAD. Some members of the group were able 

to fly by helicopter over Mawson Peak and record the crater. Angela McGowan’s handwritten log reads: 

 
…the weather cleared sufficiently to see the top of Big Ben. John Robertson with Dave 

[Cooney] as passenger flew up to the top and found steady air by circling over South Barrier. 
Budd Peak, and across the plateau to the summit cone. At 9040’ they were level with the 
cone and flew ‘round it, looking down into a 100’ (30m) wide 50’ (20m) deep vertical-sided 
pipe of lava. … Molten lava spurted occasionally with puffs of blue smoke and a fine layer of 
ash could be seen strewn on the east side of the crater. The wind was 50 kts with a 
temperature of 4° [C], relatively mild of that height. They described the liquid lava as streaky 
red and the pipe as shear-walled. An exciting event for all… 

 

Later, McGowan herself was able to fly to the crater, and wrote this: 
 
Vent tube showing layers of progressive rise and fall of the lava. The wells of the vent 

are quite a bright yellow with Sulphur flowers and a strong Sulphur smell can be caught near 
the summit. The height was again marked at 9240 ft. ASL [Above Sea Level], … The molten 
lava was 50-60 m down the hole completely flat with a cracked black surface. The red rock 
showed between and occasionally spurted red with a cloud of pale blue-grey smoke. A V-
notch in the edge facing west above Cape Pillar appeared to be the east point for the lava 
flow which ran down to the coast. A trench through the ice could be seen almost all the way 
down the glacier and cliff face. One large steam vent could be seen on the SE corner–
 towards the Gotley Glacier. Continuous ice could also be seen on the face with a few 
boulders to the south. 

 

McGowan made sketches (FIG. 11.8) and took multiple photographs of the peak.  

 

   
FIG. 11.8 Mawson Peak crater 1987 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.8 16 Hobart National Archives 2nd visit IMG_2213 crop proc w1024.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.8 16 Hobart National Archives 2nd visit IMG_2216 proc (2).jpg


 

Chapter 11 MAWSON PEAK ⃝ Page 291 

During the 1987 flights, Graeme Wheller took some spectacular photographs of the crater (FIG. 11.9). 

 

 

 
FIG. 11.9 Mawson Peak crater 1987 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.9 heard-volcano 72dpi marked 1987.JPG
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.9 Mawson Peak graeme wheller2 crop proc marked 1987.jpg
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FIG. 11.10 shows clearly how tiny the crater is, relative to the apron of Mawson Peak. The satellite image 

shows a nearly perfect cone, slightly over 4 km in diameter. The crater itself is about 180 m in diameter.  

 

 

 
FIG. 11.10 Mawson Peak 2009 

 
  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.10 Mawson Peak NASA crop close. crop proc marked 2009.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.10 Mawson Peak 2009 proc crop crop proc marked 2012.jpg
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FIG. 11.11 shows details of Mawson Peak in 2009.  

 

 

 
FIG. 11.11 Details of the crater 3 Feb 2009. The crosshairs intersect at 53°06’05.40”S, 73°31’22.99”E. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.11 Marson from GE 2009 crop proc proc marked 3 Feb 2009 crosshairs.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.11 Marson from GE 2009 crop proc proc crop marked 100m 2009.jpg
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Lava flow 
 

The crater maintained its diameter for several years; FIG. 11.12 shows it in 2012. But now and then, it 

reminds you that it is alive. Eric Woehler and the AAD team were on the island during the 2003/04 expedition 

when Mawson Peak erupted with a very loud explosion. Lava flowed to the southwest rather than southeast 

where the team was encamped. The volcano is so old, it doesn’t seem to have the wherewithal to blow its top 

and make a real mess of the island. Most visitors who time it right are treated to wispy smoking of Mawson 

Peak, perhaps akin to a furtive spotting of a rare bird in the forest. Of course, it sometimes spews out real 

liquid lava, which reminds us that it’s a real volcano! When it does erupt, Mawson Peak usually pours lava 

down the southwest side of Big Ben, alongside Gotley Glacier and Deacock Glacier. It leaves a fierce black 

trace.  

 

 
FIG. 11.12 (Upper) Mawson Peak 2012. (Lower) Mawson Peak 5 Feb 2014. The crater has produced a lava flow 

down the peak of some 4 km. The fall is from 2715 m to 845 m, a descent of some 1870 m. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.12 Lava flow from Mawson Peak 5 Feb 2014 proc crop marked 5 Feb 2014.jpg
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In 2017, the presence of dark streams in both directions away from the crater center suggests that there is 

no longer any open crater, but only a fissure that allows the lava to flow away from the peak. We do not have 

any satellite images of the crater later than 2009; Mawson Peak is almost always covered in snow/ice.  

 

 

 
FIG. 11.13 Mawson Peak 23 Jul 2017. The crosshairs intersect at 53°06’05.40”S, 73°31’22.99”E. 

 
  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.13 Mawson Peak Google Earth 2017 BW proc clarity circle.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.13 Mawson Peak sat 2017 crosshairs marked 23 Jul 2017 BW color circle.jpg
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FIG. 11.14 Lava flow on the southern slope. (Upper) View through the Gotley Glacier 2003. (Lower) View of 

the southeast side 2004. 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.14 Lava in Gotley Glacier Woehler 2003 Proc marked 2003.jpg
file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.14 from_Budd_PPT PIC_055 crop marked 2004.jpg
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FIG. 11.15 Lava flow from Mawson Peak 2015/2015/2016 

  

file:///L:/PICs_Chapter_11_Mawsen_Peak/FIG. 11.15 2015_Photo_Richard_Arculus crop marked 2015.jpg
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Chapter 12 Volcanic features 
 

Cinder cones 
 

There is a delightful assortment of small cinder cones on Heard Island. Some of these (e.g., Red Island (the 

tip of Laurens Peninsula), Saddle Point and Cape Bidlingmaier (the northern limit coast), and Scarlet Hill 

(near Spit Bay) are eroded and asymmetric. Others, e.g., Macey Cone (on Laurens Peninsula) and Dovers 

Crater (on Azorella Peninsula), are just what a cinder cone should look like. Many more such eruption centers 

are smaller, eroded, and/or buried, and are more difficult to recognize.  

In 2018 a previously unnamed small cone got a name: “Quilty Cone”. Its namesake was Prof. Patrick 

Quilty, long a faculty member at the University of Tasmania, and an expert on the Kerguelen Plateau and 

Heard Island geology. Quilty Cone lies at 52°58’54.3”S, 73°15’50.0”E, some 325 m at 245° from the much 

larger Macey Cone at 52°58'58.8"S, 73°15'34.7"E. The latter has a crater 90 m diameter; Quilty Cone would 

just fit inside the Macey Cone crater. These are shown in FIG. 12.1. 

Nearby, a group of small cones appear among complex lava flows, covered with vegetation. These cones 

are about 30-40 m in diameter but only a few m high. We give them designations L1…L4, where “L” stands 

for Laurens. Fred Belton, a 2016 team member, indicates that these might be “rootless cones,” meaning that 

they were not created by lava eruptions but by steam explosions.  

 

 
FIG. 12.1 Small cones on Laurens Peninsula. These cones are 30-40 m in diameter, but only a few meters high. 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.1 Laurens cones crop proc L1-L2-L3-L4.jpg
file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.1 (inset) Quilty Cone.jpg
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Red Island 
 

For most of the past two centuries, Red Island was considered an island because it seemed to be an island. 

Eventually, it was widely accepted that it was not an island– it stood at the very end of a causeway on the 

northern tip of Laurens Peninsula. A small lake stood in the middle of the causeway. In 2015 the barriers 

around the lake were breached by the pounding surf, cutting Red Island off from the causeway and making it, 

literally, an island. See additional images in Chapter 22/Red Island Lagoon. 

 

 

 

 

 
FIG. 12.2 Red Island, at the entrance to Atlas Roads. 1930/2008/2016. Just on the other side of the crater is a 

large colony of Rockhopper Penguins. This colony is shown in Chapter 26. 
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FIG. 12.3 Red Island (Laurens Peninsula). The entire side of the cone has been lost to erosion. 

 

Corinth Head 
 

Like Red Island, Corinth Head built out on the edge of the peninsula, but it is not erosion-truncated. Quilty 

and Wheller describe it as follows: 

 
This unnamed flat-topped cone possesses a partly infilled summit crater about 30-40 m 

wide and there are several small subsidiary craters on the western side. Thins layers of scoria 
and lava are exposed in the summit crater walls. 

 

 
FIG. 12.4 Corinth Head, on the east side of Azorella Peninsula 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.3 Andy Cianchi 08 Garys Presentation 58-Red Island with penguins on top crop.jpg
file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.4 Clip_4.jpg
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Dovers Crater 
 

Quilty and Wheller say this about Dovers Crater: 

 
[It is] a small basaltic scoria cone in the western part of the peninsula. The deposit 

contains abundant basaltic lava blocks up to about 0.3 m across. Many of these lie in deep 
sags in the underlying tuff, indicating that they were deposited as ejecta coevally with the 
tuff. Small limestone clasts are also present but less abundant than the basaltic blocks. 

 

 

 
FIG. 12.5 Dovers Crater Google Earth 2014 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.5 Clip.jpg
file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.5 Crater Azorella 2014 proc crop.jpg
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Saddle Point 
 

Saddle Point looks a lot like Red Island: a cone at the end of a causeway extending off-island. It would be 

a perfect place to install remote sensing instrumentation to watch Big Ben.  

 

 

 
FIG. 12.6 Saddle Point 2008. (Upper) Helicopter images looking toward Atlas Cove. (Lower) Challenger Glacier 

in the background. 

 
  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.6 Andy Cianchi HI 08 General PICs_ 205 crop proc marked 2008 proc.jpg
file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.6 Andy Cianchi heard island 08 209 crop proc proc marked 2008.jpg
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South Barrier cones 
 

On the south side of Heard Island is a terrace known as the South Barrier. The terrace ends at Cape 

Lockyer, a jutting promontory that appears to have accumulated from channelled flow from the terrace. On 

the terrace, there are (at least) five small cones, typically 250-350 m in diameter. We give them designations 

SB1…SB5, where “SB” stands for South Barrier. These resemble lava cones, but it is also possible they are 

rootless cones. Rootless cones are found in Iceland , on Mars, among other places. 

 

 
FIG. 12.7 Small cones on the South Barrier. These cones are 250-350 m in diameter, nearly ten times the 

diameter of the Laurens Craters L1-L4. SB1 is about 300 m in diameter and 40 m high. 
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Long Beach 
 

Long Beach lies on the extreme southwest corner of Heard Island. The permanent body of water is called 

Manning Lagoon. 

 

 
FIG. 12.8 The Long Beach area 2009/2014 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.8 Long Beach 2009 2014 marked 3072.jpg
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FIG. 12.9. Manning Lagoon at Long Beach. (Upper) High-elevation view, looking northeast 2008. Deacock 

Glacier is in the distance. (Lower) Low-elevation view, looking southwest 2008. 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.9 Andy Cianchi 08 JoelJNG_0177 proc proc marked 2008.jpg
file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.9 Andy Cianchi Long Beach 713 proc marked 2008.jpg
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The Lied Sketches 
It was not easy to reach Long Beach, and it wasn’t until 1951 that N. Lied succeeded in hiking there. These 

drawings (FIG. 12.10), in the Australian National Archives in Hobart, Tasmania, show great detail, and his 

annotations provide identifications that mere photographs could not. The comments in the captions are by 

Lied. The blue color was added to indicate water as depicted by Lied. 

 

 (A)  

 (B) 

FIG. 12.10 Sketches of Long Beach 1951. (A) From low bluff overlooking beach below and to the East. Glacier 
crevassed, main sealers hut on Azorella just over the rise, scree & rock, boat landing, Azorella, large lagoon, 

tussocks, steep Azorella bluff overlooking the beach about 30-40 ft. high. Geological specimens collected. (B) 
Breakers offshore, narrow, rocky, pebbly beach, western end of lagoon, Azorella-covered bluff. 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.10 Long Beach 1951 IMG_2164 reshape BW blue.jpg
file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.10 Long Beach 1951 IMG_2165 reshape BW blue.jpg
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 (C) 

 (D) 

FIG. 12.10 (con’t) Sketches of Long Beach 1951. (C) Western section. Heavy surf, sandy flat, Gentoo rookery, 
slab rock, bare moraine, very large macaroni rookery, large rookery of giant petrels, Azorella bluff, glacial 

stream. (D) Embayment, Azorella on high mountains, continuation of macaroni rookery from Sketch. 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.10 Long Beach 1951 IMG_2166 reshape BW blue.jpg
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 (E) 

 (F) 

FIG. 12.10 (con’t) Sketches of Long Beach 1951. (E). Tussocks and rocks, top of steep cliffs approx. 50 ft. down 
to narrow beach. (F) Moraine, heavy surf, offshore rocks, top of steep cliffs approx. 100 ft. high. Western end 

of beach, Gotley Glacier, floating brash and growlers, soil-covered ice & moraine, heavy surf, narrow stony 
beach, rocky moraine 50-75 ft. high. Geological specimens collected from cliff and foot of moraine.  

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.10 Long Beach 1951 IMG_2168 reshape BW blue.jpg
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Morgan Island Rocks 
 

Small offshore rocks are common all around Heard Island. Those at Morgan Island (FIG. 12.11) are 

persistent in satellite images over at least the past 20 years. The longest rock in these images measures 75 m.  

 

 

 

 
FIG. 12.11 Morgan Island Rocks 2003/2006/2014 

  

file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.11 Morgan Island rocks 2003 proc alt 2003.jpg
file:///L:/PICs_Chapter_12_Volcanic_features/FIG. 12.11 Morgan Island rocks 2006 proc alt 2006 dated2006.jpg
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McDonald Islands 
 

The McDonald Islands are still at it– spewing out lava. In 34 years (1980-2014), Meyer Rock doubled in 

size.  

 

 

  
FIG. 12.12 McDonald Islands. (Upper) 1971. In the foreground is Meyer Rock, with Flat Island and the larger 
McDonald Island behind. (Lower) The islands in 1980/2014. In about 30 years the island has doubled in area. 
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FIG. 12.13 shows elevation photographs of McDonald Island.  

 

 

 

 

 
FIG. 12.13 McDonald Island 1997/2006/2008. Big Ben is in the distance, about 62 km away. 
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Shag Island 
 

This islet sits 21 km from Mawson Peak. It is visible on the horizon from Mt. Drygalski (FIG. 12.14 

(Upper)). The large island (bracket) measures 650 m north-south and 400 m east-west.  

 

 

 
FIG. 12.14 Shag Island. (Upper) 1947-49. Seen from the Nullarbor on Heard Island.  

(Lower) The island in 2003/2014. 
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SECTION 5 LITHICS 
 

Chapter 13 Outcroppings 
 

Lava flows 
 

 

 
FIG. 13.1 Lava flows 1997/2016 
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Lava layers 
 

 

 
FIG. 13.2 Layered lava flows 2016 
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Lava bedding 
 

The bedded deposit seen in FIG. 13.3 is igneous rock, not sedimentary deposits. See also Chapter 

7/Rogers Head.  

 

 

 
FIG. 13.3 Bedded lava flows 1997. (Upper) Prominent bedding, indicating multiple lava or ash deposits. 

(Lower) A very prominent intrusion and a subspherical xenolith (at right). The vertical streaks are stains, not 
bedding. 
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Lava tube caves 
 

Lava tube caves are common on Azorella Peninsula. Typically, they are nearly filled with snow and ice, 

and sometimes provide shelter for penguins. These natural shelters are used by birds and sometimes by 

people. The longest accessible tube is ca. 200 m long and up to 8 m in diameter (Kiernan and McConnell, 

2000). 

 

 

 
FIG. 13.4 Lava tubes on Azorella Peninsula 1997. Note the penguins inside the lower cave. 
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Kevin Kiernan, et al. (2009) described the geology of the lava tubes: 

 
The volcanic landforms of the peninsula include highly degraded volcano remnants and 

undissected scoria cones, pahoehoe flows, lava rises, tumuli, open vertical volcanic conduits, 
and lava tubes. Features produced by lava inflation are widespread but are generally of low 
topographic relief. Many detailed lava-flow features are preserved in dramatically fresh 
condition within the protected environment of lava tubes. They highlight the efficacy of the 
lava tubes in maintaining high temperatures and low viscosity of the flowing lava. The lava 
tubes on Heard Island are the only features of their kind recorded from Antarctic and 
subantarctic latitudes.  

 
Peter Lancaster Brown, a participant in the 1952 ANARE, wrote this description of the penguins in a lava 

tube (Twelve Came Back, p. 176, slightly edited): 

 
The nearest penguin rookery was half-a-mile away towards Rogers Head. A colony of 

Rockhoppers established themselves in a labyrinth of mysterious underground caves that led 
up from the sea to the laval [?] plateau. The caves were a geological curiosity, formed in 
prehistoric times during the period of intense volcanic activity on the Island. … The penguins 
discovered a natural rookery– safe from the attacks of sea birds and inclement weather. In 
some places only a small hole would show at the surface, hardly large enough for a man to 
crawl down, but a few feet below the hole opened up into a large cavern. … Narrow 
passages led down from the main cavern to the bottom of the sea cliffs; these were the 
routes used by penguins that arrived from the sea. The Rockhoppers must have discovered 
the narrow passages thousands of years ago, for thick accretions of guano and feathers 
plastered the rocks. During the breeding season the noise underground was deafening, 
especially when the chicks chirruped their objection at my intrusions.  

 

 
FIG. 13.5 The ice floor inside a lava tube on Azorella Peninsula 1997 
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Columnar jointing 
 

The base of Woehler Rock (see Chapter 8) and some of the outcrops on Mt. Drygalski show extensive 

columnar jointing. These structures are formed as the lava cools from the outside. Shrinkage cracks form, 

often in a hexagonal pattern. The joints are mostly five-sided columns, with a few 4- and 6-sided columns.  

 

 

 
FIG. 13.6 Columnar jointing 2016. (Upper) Woehler Rock, Sydney Cove, Laurens Peninsula. (Lower) Near the 

base of Mt. Drygalski. 
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Tessellating fracture 
 

FIG. 13.7 shows subpolygonal jointing of a pavement. Unlike the columnar jointing seen on Woehler 

Rock, this formation was probably simple thermal stress on the thin laminar rock layer.  

 

 
FIG. 13.7 Tesselating fractures near the base of Mt. Drygalski 2016. The boot is included for scale. 

 

Glacial scour 
 

The pattern on the rock face in FIG. 13.8 likely was created by glacial scouring.  

 

 
FIG. 13.8 Rock scour at Windy City, Atlas Cove 2016 
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Chapter 14 Till 
 

Till generally describes an unsorted, unstratified, and unconsolidated heterogeneous mixture of clay, silt, 

sand, gravel, and boulders. Typically, it is deposited by a glacier without subsequent reworking. It may be 

deposited underneath the glacier or carried forward with the moving glacier and released at the terminus, 

where it forms a “terminal moraine.” Till can also be deposited along either side of the glacier to form “lateral 

moraines.” If the glacier retreats, these moraines become unprotected rockpiles, and erosional processes 

slowly cause their disintegration. 

 

 
FIG. 14.1 Till accumulated in moraines at Stephenson Lagoon, on the east side of Heard Island 2016 
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Tidewater moraines 

 
On Heard Island, most of the major glaciers were originally tidewater (i.e., they terminated at the ocean). 

With the retreat of the glaciers, many moraines were left all over the island.  

 
 

 

 
FIG. 14.2 Tidewater moraines 2003/04 
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Lowland moraines 

 
Generally, moraines near the shoreline are subjected to vigorous washing; fines are winnowed away. This 

makes it unlikely that soil would develop, and therefore the moraines often are completely bare. 

 

 

 
FIG. 14.3 Typical loose moraines left by the retreat of formerly tidewater glaciers 1997 
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FIG. 14.4 Typical large boulders in moraine deposits 2016 
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Highland moraines 

 
At higher elevations, plants have created soil and established communities covered in Azorella and other 

grasses. In addition, with the smaller rocks removed by erosion, only large boulders are present, and these are 

interlocked, providing a stable bed for the plant community.  

 

 

 
FIG. 14.5 Pageos Moraine (south of Atlas Cove) 2016. This is typical of elevated deposits. 
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Surf erosion 
 

Frank Rock 
An eroded volcanic rock showing sedimentary ash layers, situated between Rogers Head 

and Corinth Head on Heard Island. Named after the schooner Frank that was wrecked on 
Heard Island in 1859. Named after the schooner Frank which was wrecked on Heard Island in 
1859. – – Wikipedia 

 

 
FIG. 14.6 Locations of Frank Rock and Erratic Point 

Erratic Point 

 
Erratic Point is a small, moss-covered point at the head of South West Bay, 2.4 km 

northeast of Cape Gazert, on the west side of Heard Island in the southern Indian Ocean. The 
First German Antarctica Expedition in 1902 charted a cape in this vicinity, from the summit 
of Mount Drygalski, and applied the name "Kap Lerche." In November 1929 the British 
Australian and New Zealand Antarctic Research Expedition (BANZARE) under Douglas 
Mawson charted a small point in this position and applied the name "Erratic Point" because 
of the large number of massive erratic boulders encountered there. The Australian National 
Antarctic Research Expedition was unable to find any significant feature in this immediate 
area during their 1948 survey of the island; hence the name Erratic Point was retained by 
them for this small point. – – Wikipedia 

 

 

FIG. 14.7  (Next page) → 

(Upper) Frank Rock (near Rogers Head). (Left) Nov. 1929. (Right) Nov. 2000. The right picture was taken from 
the position of the arrow in the left photo, i.e., near the water. The symbols mark the corresponding rocks in 

both pictures. Location 53° 00' 11.7", 73° 24' 42.3" E.   
(Lower) A large rock off Erratic Point (near Cape Gazert). (Left) Nov. 1929. (Right) Nov. 2000. These 

photographs were taken from nearly the same point. Both photos have been enhanced by digital processing.  
Location 53° 03' 24.3", 73° 22' 57.6" E.  
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Chapter 14 TILL ⃝ Page 329 

 

 

 
 
  

file:///L:/PICs_Chapter_14_Till/FIG. 14.7 Erratic Point Woehler 1929 2000.jpg
file:///L:/PICs_Chapter_14_Till/FIG. 14.7 Frank Rock 1929 2000 marked.jpg


 

Chapter 14 TILL ⃝ Page 330 

Rock disintegration 
 

Spalling 

 
Spall refers to flakes of material broken off the surface of a larger solid body. Spall can be produced by a 

variety of mechanisms, including projectile impact, corrosion, weathering, and cavitation, among others. 

Although there are several mechanisms for spalling, it is likely that on Heard Island the freeze-thaw cycle is 

most effective in opening and enlarging water-filled cracks, eventually releasing the spalls. On Heard Island, 

thermal cycling produces internal stress greater than the strength of the rock, which then breaks. 

 

 

 
FIG. 14.8 Rock reduction. These photographs were taken in 2003 and 2016 in the vicinity of Mt. Drygalski. 
Arrows point to a particular feature (roughly a letter “F”) on the face of the outcropping, which provides a 

fiucial for comparing the pictures. 
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Spalling often removes thin flakes, but it can also break off substantial chunks. Large boulders usually will 

be divided into chunks separated by weak joints. These joints are enlarged by water freezing. Over time many 

cycles will break loose flakes and smaller rocks.  

 

 

 
FIG. 14.9 Rock reduction by bulk spalling, near Mt. Drygalski 2016. (Upper) A very large boulder, already 

showing the fault lines (highlighted) along which it will spall. (Lower) The inexorable result of cyclic 
hydrothermal shattering. The small rocks, in turn, will be reduced to even smaller pieces, although small rocks 

are more able to withstand the internal stresses that the parent boulder cannot. 
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Spall pavement 

 
The release of spalls and plates is cumulative– once released they are distributed by flooding. There is no 

mechanism for them to collect in any preferential location, or to cluster, hence they spread out, forming a 

“pavement.” Another kind of pavement can be produced by the distribution of rounded boulders. The two 

photographs in FIG. 14.10 show examples of spall pavement and boulder pavement. These pavements were 

seen near Windy City on the edge of the Nullarbor.  

 

 

 
FIG. 14.10 Pavements on the Nullarbor 5 Apr 2016. (Upper) Spalls. (Lower) Rounded small boulders.  
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Plate shattering 

 
The boulders seen in FIG. 14.11, already water-worn rounded and smooth, were deposited on the 

Nullarbor, where they experienced repeated freeze-melt cycles as the temperature oscillated above and below 

the freezing temperature of water. The expansion of the freezing water expands minute cracks, eventually 

resulting in complete separation along weak planes. The resulting laminae are then separated progressively as 

the moist sediment between them freezes and melts. The fact that these laminae are so flat and parallel attests 

to the intrinsic crystalline structure of the rocks.  

 

  

  

  
FIG. 14.11 Plate shattering. All photos 2016, except upper left 1997. 
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Pictures such as those in FIG. 14.11 beg a simple question: How long does it take for the freeze/thaw 

(F/T) cycle to fracture and separate rock plates? We suggest here a simple model to estimate the time needed 

to convert a solid rock into a stacked set of laminae. For this model, we envision two steps: 

 

1. Thermal fracture on an internal plane. This takes a long time, perhaps thousands of years.  

2. Expansion of the initial crack by repeated precipitation-freeze-thaw cycles.  

 

It is relatively straightforward to calculate the time needed to expand an initial crack into a good-sized 

space between slabs. Pure thermal stress (as the temperature rises and falls) could create a microscopic crack 

into which water could seep (there’s plenty of water there!). Water expands 9% when it freezes, so during 

every freeze/thaw cycle the water fills the crack and expands another 9%, expanding yet another 9% in the 

next cycle. Suppose we assume that the freeze/thaw cycles occur once per year. If we assume the initial crack 

is 0.01 cm wide, we find that to expand to 1 cm will take about 53 years.  

One potential limitation of this model is that water can’t fill a crack once the separation is more than 

perhaps 1 mm, unless, of course, it accumulates from rain. But we find most of the plate-shattered rocks on 

Heard Island are separated by several cm, far greater than could be produced by water expansion alone. We 

therefore hypothesize that once the separation is of the order of 1 mm, fine sediment fills the crack, at least 

the lower part of it. That sediment will hold water (it is equivalent to a porous solid), and the water will 

expand the normal 9%, driving the plates apart by this amount with each thermal cycle. That said, it is 

possible that rainwater could fill a crack and freeze before it has time to evaporate, resulting in the 9% 

expansion without the need for sediment. Either way, the crack is widened every time it freezes, and the 

damage to the rock is cumulative.  

This process is shown schematically in FIG. 14.12. From left to right: Initially, there is a microcrack in the 

rock. Water seeps in, freezes, and expands, pushing the plates apart (only 9%). This process is repeated until 

the crack is about 1 mm. Fine sediment then washes or is blown into the crack and is wetted, expanding 9% 

each time it freezes. As the plates get further apart, sediment fills in between the plates, and the wetted 

sediment repeatedly expands 9% on each cycle. In principle, this process will continue until the plates fall 

over.  

 
 

 
FIG. 14.12 Proposed mechanism for plate shattering. The color represents water. 

  

file:///L:/PICs_Chapter_14_Till/FIG. 14.12 Plateshattering mechanism 1.jpg
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On Heard Island, plate-shattered rocks are very common near Windy City (west side of Atlas Cove). This 

may be because the wind there is more violent than elsewhere. If this implies that the temperature cycles 

faster in that area than in other areas, the process described above might run significantly faster. Thus, if the 

rocks experience three freeze/thaw cycles annually (in contrast to one), the total time necessary to reach 1 cm 

separation is reduced to 17 years. Admittedly, these estimates do seem rather short. Of course, the model is 

extremely simple, and it may well be grossly inadequate.  

FIG. 14.13 is a schematic of the model process by which a boulder (rectangular in this case) is reduced to 

a set of plates by freeze-thaw cycles. This diagram does not represent the creation of the initial microcracks; 

only the expansion driven by the freeze/thaw cycles of the wet sediment is assumed.  

 

 
FIG. 14.13 Proposed evolution of a boulder being shattered by freeze-thaw cycles, in the presence of wet 

sediment. The color represents water on the surfaces and in the sediment. 
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Conglomerates 
 

Generically we could call the material in FIG. 14.14 a “conglomerate,” but the geologists prefer “lava 

flow-top breccia.” On Heard Island, this is the Drygalski Formation (Stephenson, et al., p. 16, Plate 8). It was 

produced when relatively light and gaseous lava flowed over a deposit of till and hardened into a 

heterogeneous matrix.  

 

 
FIG. 14.14 Conglomerate, formed by a lava flow gathering up loose (“floating”) till. Photographed on the 

Nullarbor in 2016. (Upper) A “boulder” of the conglomerate. The field notebook measures 12 cm x 19 cm. 
(Lower) Close-up photograph showing the vesicular nature of the lava matrix.  
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Cobbles and pebbles 
 

 

On the west shore of Stephenson Lagoon is an extensive deposit of cobbles and pebbles. It comprises rocks 

of many sizes, colors, and textures. Washing has long since removed any small particles, so this is coarse till.  

 

 

 
FIG. 14.15 Cobble/pebble beach, regularly washed by surf and rain, photographed at Stephenson Lagoon 

2016. (Upper) A relatively wide distribution of sizes. (Lower) A roughly bimodal distribution of sizes (hand-
sized and finger-sized). 
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An interesting conglomerate cobble (FIG. 14.16) was found at Stephenson Lagoon in 2016. From its 

structure, we might infer that it is a fine conglomerate that has been rounded and weathered. It is not obvious 

whether the “skin” is the result of weathering or has been cemented to the core.  

 

 
FIG. 14.16 (Upper) A cobble with an exposed area showing a pinkish color inside. Photographed on the shore 

at Stephenson Lagoon 2016. (Lower left) Detail of showing one of the vesicular basalt inclusions, and including 
other igneous rocks. (Lower right) Detail showing a mixture of many kinds of materials in a wide range of sizes. 

  

file:///L:/PICs_Chapter_14_Till/FIG. 14.16 Clip marked 2016.jpg
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A similar cobble (but with clearly distinctive clasts) is shown in FIG. 14.17. This cobble was 

photographed near that in FIG. 14.16, emphasizing the heterogeneity of the materials deposited by the 

glacier. 

 

 

 
FIG. 14.17 A complex conglomerate cobble photographed on the shore at Stephenson Lagoon 2016 

  

file:///L:/PICs_Chapter_14_Till/FIG. 14.17 _CE_2016_Gavin_DSC_5473 2016.jpg


 

Chapter 14 TILL ⃝ Page 340 

 
The samples shown in FIG. 14.18 are representative of the cobble field at Stephenson Lagoon. No 

identifications have been made, and these rocks were not collected. Photographed 2016. 

 

 

  

  

  
FIG. 14.18 Typical hand-samples (mostly surf-rounded cobbles) 
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The rock samples shown in FIG. 14.19 were part of a larger collection made during the 2016 Cordell 

Expedition. The entire collection is shown in FIG. 14.20.  

 
 

  

  

  

  
 

FIG. 14.19 Rock samples obtained in 2016. The key to these samples is given in Table 14.1. These are only a 
few samples from the 2016 collection. Sample numbers, corresponding to the images: 

008,009/026,032/045,050/069,078 

 
  

file:///L:/PICs_Chapter_14_Till/FIG. 14.19 008 bare.jpg
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Chapter 14 TILL ⃝ Page 342 

 
FIG. 14.20 shows the rock samples collected in 2016. The eight samples marked with a rectangle are those 

shown enlarged in FIG. 14.19.  

 

 
FIG. 14.20 Rock samples from Heard Island 2016 

  

file:///L:/PICs_Chapter_14_Till/FIG. 14.20 Rocks_All_proc proc marked.jpg
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Table 14.1 Key to selected rock samples (Jodi Fox 2016) 

# Width [cm] Material Description Location 

008 9 Limestone 
Limestone/carbonate (Laurens Peninsula 
Limestone) 

West coast of Laurens Peninsula 
(float sample) 

009 16 Basalt Oxidized red basalt Atlas Cove (float Sample) 

026 8 Basalt Oxidized plagioclase-phyric basalt 
Start of a’a’ flow on the western 
flank of Mt Dixon (outcrop sample) 

032 10 Basalt (?) 
Strongly weathered vesicular basalt altered to 
clay 

Stephenson Lagoon (float sample) 

045 11 Basaltic breccia Basaltic breccia with orange clay matrix Slope of Mt Drygalski 

050 6 Pumice Rounded pumice. Trachyte or phonolite 
Beach at South West Bay. May 
actually be from McDonald Island. 

069 11 Limestone 
Vesicular glassy basalt; vesicles elongate in 
flow direction 

Laurens Peninsula 

078 15 Basalt Fresh, glassy, aphanitic basalt. Stephenson Lagoon (float sample) 

 
 

The entire collection of rock samples obtained in 2016 was delivered to Jodi Fox, Department of Earth 

Sciences, University of Tasmania. Fox provided the following preliminary description of these samples 

(private correspondence). 

 
Preliminary Summary of Heard Island Rock Samples 2016 
This collection of rocks is important as it represents the first dedicated geological 

sampling project on Heard Island since the early 1990s and will provide valuable data for 
future work. 

The geology sampling team of Fred Belton and Gavin Marshall collected the majority of 
the geology samples with other team members collecting samples of interest as they went 
about other activities on the island. A total of 36 sample bags of rocks was collected. Some 
samples were collected in situ at outcrops and others from moraines, erratics, and 
unconsolidated deposits. The samples are now housed at the University of Tasmania, School 
of Physical Sciences, Earth Sciences, and are undergoing the process of cataloging for entry 
into the rock store (library). 

Brief descriptions of the hand specimens have been made and are presented here along 
with photographs of the samples. Some samples will be selected for thin section, 
geochemistry and, if suitable, geochronology. This work will be completed over the next 12 
months and will be a valuable contribution to a broader ongoing project which aims to 
unravel the temporal and spatial history of volcanism on Heard Island. This project is being 
conducted by myself and Dr. Rebecca Carey at the University of Tasmania and is partially 
funded by an Australian Antarctic Science Program Grant. All samples will be available for 
others to access for research purposes via the rock store. 

 

Recently, Jodi Fox and colleagues published a paper on the geology of Heard Island (Fox, et al., 2021). 

The rock samples described above were included in that paper. 
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Chapter 15 Sediment 
 

Deposits 
 

The Nullarbor 

 

 

 
FIG. 15.1 Sediment deposits on the Nullarbor 1997/2016 
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The Nullarbor is a flat, sandy plain slightly over 1 km
2
 in area. Typically, the frequent high winds drive 

water from Atlas Cove, up the beach, flowing down and away across the Nullarbor. This flooding moves 

loose sediment, which is redeposited in in channels. These channels are relatively stable: FIG. 15.2 show 

practically the same channels over at least an 8-year interval.  

 

 
FIG. 15.2 Flow patterns on the Nullarbor, lying between Atlas Cove on the left and Corinthian Bay on the right 

2006/2014 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.2 Nullarbor 29 Mar 2006  5 Feb 2014 dated.jpg


 

Chapter 15 Sediment  ⃝ Page 347 

FIG 15.3 shows a detail of a portion of the channels. While they are clearly visible in these satellite 

images, the channels arer actually rather shallow; they are practically unrecognizable to a visitor on Heard 

Island. 

 

 
FIG. 15.3 Detail of the flow pattern 2014. The indicated details are shown in FIG. 15.4. 

 

Flow in channels is discussed in detail by Julien (2002). He describes (pp. 177-178) streams with 

“alternate bars,” sequences of shallow bars on the left and right banks, producing a channel with very small 

meanders. He states that the wavelength L of the alternating bars is approximately related to the channel 

width W as L=2πW, i.e., a ratio L/W=6.28. The average wavelengths and widths of the meanders 

measured for two channels shown in these images are listed in Table 15.1, from which it is seen that 

the observed L/W values are only about 1/3 of the prediction according to the Julien formula.  
 
Table 15.1 - Wavelength and width [in m] of channels 

Year Dimensons 2006 Ratio L/W 2014 Ratio L/W 

Channel B Wavelength 57 
1.7 

50 
2.5 

 Width 33 20 

Channel C Wavelength 45 
2.3 

44 
2.2 

 Width 20 20 

 
Change in the structures of alternate bars is discussed Charlton (2008). On p. 128, she presents a plot of 

time scales vs length scales for various changes in channels. For wavelengths about 50 m, the time scale is 

about 100 years. Presumably the cause of these alternating bars is essentially incipient meander formation; in 

this case, however, the flow is only occasional, and is insufficient to generate sensible meanders. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.3 Nullarbor B 2 May 2014 crop 2 proc marked.jpg
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It is worthwhile to emphasize the complexity of the channel flow. FIG. 15.4 shows two details of the 

previous image. In the upper detail, note the existence of various extremely narrow channels. These measure a 

few meters in width, and some are surprisingly straight (or segmented). In the lower detail, the large light area 

is of unknown nature; perhaps it is a lrelatively high area. 

 

 

   
FIG. 15.4 Details of the 2014 images of the Nullarbor. Note that Detail 1 is enlarged more than Detail 2.  

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.4 Nullarbor 5 Feb 2014 dated crop 3 marked 2014.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.4 Nullarbor B 2 May 2014 crop 1 proc marked 2014.jpg
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Flow patterns 

 
The sediment of the Nullarbor is sufficiently fine to respond to the movements of the periodic floodwaters, 

normally driven by the east winds. As the waters subside, the patterns of the grains settle onto the solid 

ground and are there until the next flood. Typical of most unstable hydrodynamic flow, these patterns are 

chaotic– too complex for predictive analysis, but like any system, susceptible to statistical analysis. This kind 

of patterning is common in fluid systems.  

 

 

 
FIG. 15.5. Flow patterns on the Nullarbor 2016. (Upper) A clear pattern, probably produced by higher-speed 

flow. (Lower) A less coherent pattern, suggesting the flood velocity was lower than the previous picture. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.5 Bill_085_8J6A4078 proc.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.5 Bill_8J6A4101 proc.jpg
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Animal tracks 

 
The Nullarbor is an ideal medium for capturing footprints (or body drags!). The tracks are unique 

signatures of the species of animal that made them. FIG. 15.6 shows some tracks seen in 2016.  

 

 

 
FIG. 15.6 Animal tracks on the Nullarbor 2016. (Upper) Penguin. (Lower) Elephant seal. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.6 Bill_8J6A4283 proc crop marked 2016 proc.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.6 Carlos_IMG_8800 crop marked 2016 proc.jpg
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Transport 
 

Almost every stream carries a large sediment load. When the stream enters the ocean, the sediment is 

distributed by oceanic currents. Because glacial sediment (“rock flour” or “glacial flour”) is extremely fine 

(0.002-0.06 mm), it has a very low sink rate, effectively staying in the surface water until it is carried away by 

wind-driven currents. The plumes are easy to see, particularly in images that are electronically enhanced. 

 

Scarlet Hill → Stephenson Lagoon North 

 
The two images below are the same view, but they were taken two years apart. Both images were digitally 

enhanced. The stream undergoes significant changes in its meandering, with consequent changes in the water 

flowing into Stephenson Lagoon. The curvature in the 2016 image could be due to tidal flow into the north 

end of the lagoon.  

 

 
FIG. 15.7 Sediment flow from Scarlet Hill into the north end of Stephenson Lagoon 2014/2016. These images 

were digitally processed to show the fine structure of the flows. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.7 Scarlet HIll  into Stephenson Lagoon 2014 2016 linked.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.7 (inset) Stephenson Lagoon north shore.jpg
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AU1141 → Stephenson Lagoon 

 
The subglacial streams on Heard Island carry very large sediment loads, which are ultimately dumped into 

lakes or the ocean. The images in FIG. 15.8 show the stream exiting from the AU1141 glacier into the 

Stephenson Lagoon. The red-brown sediment spreads out from the delta where it is released, to be carried off 

by gradient diffusion and currents in the lagoon. Enhancing the image reveals the structure in the plume, 

which includes fans generated for each of the two major delta branches, and collision with the small peninsula 

upper left center. The original image was taken in 2014.  

 

 
FIG. 15.8 The main stream entering Stephenson Lagoon 5 Feb 2014.  
(Upper) Original image. (Lower) The same image, digitally enhanced. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.8 Stephenson_Lagoon 2014 2014 linked.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.8 (inset) Stephenson Lagoon deposition.jpg
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FIG. 15.9 shows the same pair of images as FIG. 15.8, but taken in 2016. Two interesting dynamic 

behaviors are revealed by the digital enhancement: (1) The flow from the left branch of the delta initially 

moves north as expected, but unlike 2014, it turns and moves west (left), toward the stub end of the 

Stephenson Glacier. (2) At lower right, the flow starts to form a series of vortices, probably due to the Kelvin-

Helmholtz instability. One implication is that meltwater from the glacier makes little contribution to the flow 

of the stream water after it enters the lagoon. Some spectacular images of the K-H instability in the water are 

seen in Chapter 28.  

 

 
FIG. 15.9 The main stream entering Stephenson Lagoon 20 Feb 2016.  

(Upper) Natural light. (Lower) Digitally enhanced. 
 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.9 Stephenson_Lagoon 2016 2016 linked.jpg
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Cape Bidlingmaier 

 

 
FIG. 15.10 Sediment-laden flows off the coast toward Cape Bidlingmaier 16 Jan 2003. Saddle Point is out of the 

image to the left. (Upper) Natural light. (Lower) Digitally enhanced. A large plume is generated on Gilchrist 
Beach and flows northwest along the coast. Another plume emanates midway between Cape Bidlingmaier and 

Morgan Island (in the center). Multiple independent flows are easily identified.  

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.10 Cape Bidlingmaier east proc crop marked 2003 2003.jpg
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FIG. 15.11 Sediment-laden flows off the coast between Cape Bidlingmaier and Morgan Island. 2014/2016. A 
large plume emanates in Mechanics Bay and flows eastward past Cape Bidlingmaier. Another plume starts at 

the same place as in 2003 (cf. FIG. 15.10), and flows eastward. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.11 East from Saddle Point 2014 adj marked 2014.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.11 Flow into the ocean 2016 marked 2016 proc.jpg
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Saddle Point 

 

 

 
FIG. 15.12 Sediment plumes produced by streams entering Mechanics Bay 2014. (Upper) Plumes around 

Saddle Point; Mechanics Bay at right. (Lower) Detail of the previous picture, showing the streams entering the 
ocean. These images have been enhanced to make the plumes more visible. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.12 Saddle Point 2014 2 exp proc marked 2014.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.12 Saddle Point 2014 exp proc marked 2014.jpg
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Corinthian Bay 

 

 

 
FIG. 15.13 Sediment plumes produced by a stream entering Corinthian Bay. (Upper) 2006. The sediment from 
the stream appears to be dumped in “packets” that move offshore. (Lower) 2014. The stream has undergone 
major movement before reaching the shore, although it enters in about the same place as 2006. The plume 

appears to spread out along the shore before drifting outward (northward). These images have been 
enhanced to make the plumes more visible. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.13 Corinthian Bay 2006 proc proc crop proc marked 2006 proc.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.13 Corinthian Bay 2014 proc proc crop marked 2014 proc.jpg
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Long Beach 

 
Several tidewater streams emerge from Fiftyone Glacier, carrying a large sediment load. FIG. 15.14 shows 

how one of these drops sediment up and down the shoreline. As it is carried west, away from the coast, the 

currents squeeze it into a narrower plume. The currents produce relatively complex patterns in the plume.  

 

 

 
FIG. 15.14 Sediment plumes produced by streams from Lavett Bluff 2014. (Upper) Wide-field view shows at 

least four sediment sources, all of which move westward/shoreward. (Lower) Detail showing the plume 
moving with almost constant width to the southwest. Eventually, it narrows as it rounds Cape Labuan. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.14 Long Beach sediment outflow marked 2014.jpg
file:///L:/PICs_Chapter_15_Sediment/FIG. 15.14 Long Beach sediment outflow close marked 2014.jpg
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Sediment samples 
 

About 100 samples of sediment were collected during the 2016 Cordell Expedition. The samples were 

washed, dried, and passed through a standard set of screens of meshes #230 (0.063 mm), #125 (0.125 mm), 

#60 0.25 mm), #35 (0.50 mm), #10 (2.00 mm), and #5 (4 mm). A dissecting microscope (AmScope SM-2TZ-

LED-5M) was used at various magnifications, and AmScope software was used to capture digital images. The 

grid in all cases presented in this work is 1 mm.  

FIG. 15.15 through FIG. 15.19 show exemplary photomicrographs of some of these grains.  

 

 

 
FIG. 15.15 Sediment samples collected in 2016, arranged in the order of decreasing fineness of the screens. 

(Upper set) Sample Ø54. (Lower set) Sample Ø115. In all cases, the grid is 1 mm. All samples 2016. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.15 Phi_054.jpg
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FIG. 15.16 Sediment grains from Sample Ø56, collected in 2016. All these grains are between 1 and 2 mm 

across. This collection of images was assembled to show the typical variation among the grains in the 
sediment. All specimens 2016.  

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.16 Sediment grains 1.jpg
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FIG. 15.17 Sediment grains, found commonly in the 2016 Heard Island samples. Note the prominent open 

vesicles. (Top) Sample Ø54. (Middle and Bottom) Sample Ø79. The vesicles resulted from gas bubbles in the 
lava, probably being frozen into the rock when it cooled. Subsequent fracture left these vesicles open, typically 

as a concave hemisphere. Grid 1 mm in all images.  All specimens 2016. 

  

file:///L:/PICs_Chapter_15_Sediment/FIG. 15.17 Sediment grains 2.jpg
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Volcanic sand and ash 

 

 
FIG. 15.18 Sediment grains showing intense colors 2016. (Top row) Sample Ø79/ Sample Ø54. (Middle row) 

Sample Ø115/ Sample Ø79. (Bottom row) Sample Ø5/ Sample Ø5. Grid 1 mm. All specimens 2016. 
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FIG. 15.19 Examples of colorful constituents of the sand collected in 2016. (Upper) Olivine crystals. These are 

subhedral, although in some specimens nearly straight edges and nearly flat faces are seen. (Lower) Mixed 
grains from multiple samples. Grid 1 mm. All specimens 2016. 
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PART 3 WATER 
 

 
The forms of water most important on Heard Island: ice, streams, and pools 

  

file:///L:/PICs_B_Frontispieces/FIG. B.3 Volume_3_Water.jpg
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This volume describes water resources found on Heard Island. We take “water” to be: 

 
An inorganic, transparent, tasteless, odorless, and nearly colorless chemical 

substance. It is the main constituent of Earth's hydrosphere and the fluids of all 

living organisms. Although it provides no calories or organic nutrients, it is vital 
for all known forms of life. 

It covers 71% of the Earth's surface, mostly in seas and oceans. Small portions 

of the Earth’s water occur as groundwater (1.7%), in the glaciers and the ice caps 

of Antarctica and Greenland (1.7%), and in the air as vapor, clouds (formed of 
ice and liquid water suspended in air), and precipitation (0.001%). 

– – Wikipedia [Edited slightly] 

 
On Heard Island, water exists as glaciers, streams, lagoons, lakes, tarns, interstitially in sediment, in plants 

and animals, and in the atmosphere.  

There is a continuous conversion of water from one form to another; the water system is, indeed, complex. 

It moves continually through the cycle of evaporation, transpiration (evapotranspiration), condensation, 

precipitation, and runoff, usually reaching the sea. 

In addition to fresh water on the island, seawater flows around the edge of the island, and in some cases 

(e.g., lagoons partially open to the sea) it mixes with freshwater bodies, making them brackish. This in turn 

will partially determine the biota that are resident in these bodies, possibly adding species that would 

otherwise not be listed as endemic to Heard Island.  

Driven principally by global climate change, the water on Heard Island is currently undergoing a 

geologically historic shift: glacial ice is being converted to lagoons, streams are etching away deposits of 

sediment and rock and carrying it into the sea, land covered for millennia is suddenly being uncovered and 

exposed to the rest of the environment, and barriers are being breached, allowing seawater to flood into 

formerly freshwater lakes. Subglacial streams are travelling longer distances as the glaciers retreat. In 

addition, water assists in the shattering of boulders, accelerating the conversion from massive outcroppings to 

sediments.  

 

This VOLUME presents descriptions of the three main forms of water on Heard Island: ice (PART 6), 

streams (PART 7), and pools (PART 8). The emphasis is on standout examples.  

 

PART 6 GLACIERS 
Chapter 16. Stephenson Glacier 

Chapter 17. AU1141 Glacier 

Chapter 18. Glacial features 

PART 7 STREAMS 
Chapter 19. Inland streams 

Chapter 20. Tidewater streams 

PART 8 LAKES 
Chapter 21. Stephenson Lagoon 

Chapter 22. Large lakes 

Chapter 23. Small lakes 
 
 

Facing picture: Robert Schmieder, Heard Island, 2016 
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SECTION 6 GLACIERS  
 

Chapter 16 Stephenson Glacier 
 

Overview 
 

Retreat of Stephenson Glacier  
 

Stephenson Glacier loomed large in this 1949 photo by Tim Ealey. Stephenson Glacier honors Dr. Jon 

Stephenson, explorer, scientist, and educator. Together with Grahame Budd and Warwick Deacock (and 

others), he explored and documented many of the remote parts of Heard Island. “Behind Stephenson Glacier 

is Brown Glacier and behind Brown is Compton Glacier.” In the following 70 years, these and numerous 

other glaciers on Heard Island have retreated by 1 km or more, leaving large lagoons.  

 

 

  
FIG. 16.1 (Upper) Establishment of Spit Camp in 1949, looking north at the Stephenson Glacier. (Lower) Two 
details of the operations. The vehicle is a DUKW (“Duck”), a six-wheel-drive amphibious vehicle derived from 

WW II military trucks produced by General Motors. 
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A little over 50 years after the previous camp was made, an ambitious encampment was established in 

2003 at nearly the same point as in 1949. Stephenson Glacier has long since disappeared from this view 

behind the moraine.  

 
 

 

 
FIG. 16.2 (Upper) Almost the same view as FIG. 16.1. (Lower) Detail, showing two kinds of shelters used for 
the 2003/2004 fieldwork (water tanks and tents). Another photograph of this encampment from a different 

viewpoint is shown in FIG. 5.61.  
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FIG. 16.3 The terminus of the northeast branch of Stephenson Glacier, photographed from a helicopter in 

1997. The terminus at the relatively uniform central part is about 50 m high. The glacier flows into the lagoon 
area from the valley at right. 

 

 
FIG. 16.4 Cross-section of a glacier (from Adem Candas) 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.3 Andy Cianchi RS37920 proc proc crop proc proc marked 1997.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.4 Adem Cadas.jpg
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FIG. 16.5 Chronological views of Stephenson Glacier 1988/1997/2000 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.5 HI Glaciology Program 2003-04 ASAC_2363 Photo_A3.4a-Scott redo proc marked 1988.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.5 Cianchi 1997 crop marked 1997.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.5 HI Glaciology Program 2003-04 ASAC_2363 Photo_A3.4b redo proc proc marked 2000.jpg
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FIG. 16.5 (con’t) 2000/2004 

 
From the top of Scarlet Hill, the Spit and the northeast branch of Stephenson Lagoon are visible. Pictures 

taken over more than 30 years show how the glacier has systematically retreated, leaving a lagoon confined 

between the stub end of the glacier (out of the picture to the right) and the terminal moraine barrier (to the 

left).  

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.5 Stephenson Glacier AUST govt PIC unkn source proc marked 2000.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.5 HI Glaciology Program 2003-04 ASAC_2363 Photo_A3.4c redo proc. proc marked 2004.jpg
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Satellite images 
 

2002 Radarsat image 

 

 
FIG. 16.6 Satellite images of eastern Heard Island. (Upper) Radarsat 2002. (Lower) Apple Map 2006. 

 
  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.6 Apple map Apple map image 13 neg resized marked 2002 2006.jpg
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Digital aerial images 
 

The images on this page were taken from Google Earth. The camera position and orientation can be set to 

produce an “aerial image,” as seen here.  

 

 

 
FIG. 16.7 Digital aerial images of Stephenson Glacier 2006/2007 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.7 image16 marked 2006.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.7 image17 marked 2007.jpg
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FIG. 16.8 Satellite image of Stephenson Glacier in 2007. The glacier is reduced to a stub, roughly resembling a 
three-fingered left hand, while the brash ice floats on the glacially-sculpted valley that eventually will hold the 

lagoon. Eventually, both the northeast and south barriers will be destroyed by the surf, leaving the lagoon 
open to the sea. 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.8 Stephenson Lagoon 2007 alt proc proc marked 2007.jpg
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Disappearance of the glacier 

 

 
FIG. 16.9 Two views of a 2.00x1.18 km

2
 area centered on 53°06’41”S, 73°40’20”E. (Upper) Detail of FIG. 16.8 

2007. In these images, Stephenson Glacier flows eastward (to the right) in a relatively coherent mass. 
Fracturing shows transverse crevasses at left, the result of tensile stress, and longitudinal crevasses at right, 

the result of compressive stress. The region in between shows a roughly circular area 0.5 km in diameter 
within which the crevasses are seracs, the result of the intersection of transverse and longitudinal crevassing. 
(Lower) The same detail as 2007 but in 2016. The glacier has retreated out of the picture to the left. The white 

specks are (small) icebergs. 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.9 Stephenson Glacier 2007 2016 Linked2x.jpg
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Retreat 

 

 
FIG. 16.10 Retreat of Stephenson Glacier 2012/2014/2016 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.10 Stevenson Glacier 2012 2014 2016 crop proc lines 3 reversed.jpg
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Terminus 

 

 

 
FIG. 16.11 Oblique satellite views of Stephenson Glacier 2014.  

(Upper) Looking northwest. (Lower) Looking southeast. 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.11 Stephenson_Glacier proc marked 2014.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.11 Stephenson Glacier from Big Ben marked 2014.jpg
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Live images 2016  
 

 

 
FIG. 16.12 Two views of the cliff above the foot of Stephenson Glacier April 2016.. The streams are blown to 

the side by the strong winds coming over the ridge.  

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.12 RWS_IMG_5534 proc marked 2016.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.12 RWS_IMG_5488 proc marked 2016.jpg
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FIG. 16.13 Two views of the terminus of Stephenson Glacier April 2016. Both pictures were taken from a 

distance of about 1 km. The terminus face is about 40 m high. (Upper) Wide-angle view showing the descent 
of the glacier into Stephenson Lagoon. (Lower) Telephoto view showing two distinctive features: (1) The 

vertical and very flat terminus, and (2) sub-circular patterns in the cross-section. The latter shows that the 
glacier not only slides down the valley but also rolls up from the sides. 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.13 RWS_IMG_5603 proc proc marked 2016.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.13 RWS_IMG_5556 rot proc 1 72dpi marked 2014.jpg


 

Chapter 16 STEPHENSON GLACIER ⃝ Page 380 

Maps 
 

 
 

 
FIG. 16.14 Maps of the Spit Bay/Stephenson region. (Upper) 1963. (Lower) 1987. 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.14 Dovers Moraine 1963 Budd crop color lake MOD arrow.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.14 1987 Expedition Stephenson Glacier map color lake.jpg
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FIG. 16.15 Maps of the Spit Bay/Stephenson region 1987. The lower map is rotated 90° to orient the north-

arrow vertically. 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.15 1987 Expedition Report Spit map color lakes crop.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.15 1987 Expedition Stephenson Glacier map 2 color lake rot.jpg
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1947-2000 Stephenson Glacier 

 

 
FIG. 16.16 Reduction of Stephenson Glacier and the growth of various lagoons 1947-2000. This illustration has 
been rearranged to be chronological in reading mode. Clearly, the dominant pattern over these five decades is 

the creation and consolidation of lakes into lagoons at the expense of the Stephenson Glacier. 

 
  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.16 image4 72dpi dated 1947-2000.jpg
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FIG. 16.17 Detail of the Spit area 2000. Other maps of the Spit area are in Chapter 21. 

 
 

 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.17 Spit Bay Lagoons Stephenson Glacier.jpg
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FIG. 16.18 Retreat of Stephenson Glacier. (Upper) 1947-2003. (Lower) 1947-2016. 

  

file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.18 glacier_retreat_Stephenson 1.jpg
file:///L:/PICs_Chapter_16_Stephenson_Glacier/FIG. 16.18 image46 3000.jpg
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Chapter 17 AU1141 Glacier 
 

Overview 
 

[Unless otherwise noted, all pictures in this chapter are from the 2016 Cordell Expedition.] 

 
One of the most prominent glaciers on the east side of Heard Island has, thus far, failed to attract a 

permanent name. Provisionally, it’s called AU1141, but that’s from a generic list of all glaciers of the world 

(AU=Australia). It’s about 1 km wide at its terminal moraine.  

 

 
FIG. 17.1 Glacier AU1141, photographed by the author from outside Stephenson Lagoon in 2016. The western 
coastline is seen at left (dark profile). The entrance to the Stephenson Lagoon appears as the water horizon to 

the right. Above the glacier, multiple very large dikes are visible. 

 
Closer examination of FIG. 17.1 shows several features that are elaborated in this chapter: 

 

 Radial flow lines 

 A series of nested terminal and lateral moraines 

 Ice slumps on the slopes of the moraines 

 Numerous very smooth pool-like ice slicks. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.1 RWS_IMG_5252 crop marked 2016.jpg
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FIG. 17.2 Glacier AU1141. It lies between Stephenson Glacier/Lagoon (to the north) and Winston 

Glacier/Lagoon (to the south). The dashed rectangle is detailed in FIG. 17.3. 

 
  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.2 AU1141 30 Dec 2007.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.2 (inset) AU1141 Glacier.jpg
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FIG. 17.3 Detail of FIG. 17.2 showing the moraine rampart right of center. The glacier is moving from left to 
right (eastward), but multiple retreats have created a series of nested terminal moraines (at least eight are 

evident, but undoubtedly there are more). The dashed rectangle is detailed in FIG. 17.4. 

 

 
FIG. 17.4 Detail of FIG. 17.3 showing some of the exposed area of AU1141 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.3 AU1141 close marked for detail.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.4 AU1141 sat close proc marked 2007.jpg
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Ice slumps 
 

An aerial view of AU1141 shows multiple “cracks” on the outside of the terminal moraine and both lateral 

moraines. These are exposures of fresh glacial ice. The exposures occur when a portion of the covering of till 

on the surface of the glacier reaches the edge of the moraine and suddenly slides down the ice slope, piling up 

at the bottom of the slope. The competition between the rates of addition of till from above and removal of till 

from the bottom determines the width of the opening.  

 

 
FIG. 17.5 AU1141 glacier in 2016, showing that it is bounded on three sides by a large moraine. (Upper) The 
flow of the glacier is seen in the pattern of the streaks. (Lower) Diagram of the main features of the AU1141 

glacier moraine. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.5 Glacier_features_diagram marked 2016 rev.jpg
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Right lateral (south) moraine 

 
A spectacular ice slump is seen on the outside of the right lateral (south) moraine (FIG. 17.6). The ice is 

layered and blue, typical of old glacial ice. The blue color is produced by the absence of air bubbles due to the 

compression of snow to form the ice.  

 

 

 
FIG. 17.6 (Upper) The right lateral (south) moraine of AU1141 2014. Clearly, this moraine has been building for 

a long time. (Lower) A prominent ice slump on the outside of the moraine, seen in a satellite image. This 
feature is about 200 m long and 33 m (max) high. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.6 image10 marked 2014.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.6 image23 marked 2014.jpg
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FIG. 17.7 Changes in the ice slump on the right lateral moraine of AU1141. (Upper) 3 Feb 2009. (Middle) 5 Feb 

2014. This slump measures 460 m overall length. A detail of the longest section of the slump (ca. 200 m) is 
shown in FIG. 17.6 (Lower).  

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.7 Ice slump AU1141 2009 2014 2015 no links.jpg
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Central terminal (east) moraine 

 
FIG. 17.8–17.11 show large ice slumps on the outside of the terminal moraines of AU1141, photographed 

by the author in 2016. These slumps are some 30-50 m high.  

 

 

 
FIG. 17.8 Large slumps on the outside of the central terminal moraine of AU1141 2016. (Upper) Large chunks 

of till that slide down the slump, while breaking up, do not totally disintegrate. (Lower) Till from the glacier has 
created a substantial moraine at the foot of the slump. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.8 _CE_2016_RWS_IMG_5516.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.8 _CE_2016_RWS_IMG_5460_rot_proc_crop.jpg


 

Chapter 17 AU1141 GLACIER ⃝ Page 394 

 

 

 
FIG. 17.9 Ice slumps and till. (Upper) A large chunk of surface till as the ice is wasted from underneath. (Lower) 

Fine layering on the face of the slump is indicative of the alternation between fresh snow and blowing 
sediment. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.9 RWS_IMG_5421 proc.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.9 RWS_IMG_5408 proc 1.jpg
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FIG. 17.10 A long ice slump on the central terminal moraine of AU1141 2016. This slump is readily apparent in 

satellite images, although foreshortening due to the satellite view makes it difficult to recognize. 

 

 
FIG. 17.11 Another view of the ice slump on the central terminal moraine of Glacier AU1141. This photograph 

has been digitally retouched to enhance the clarity of the terminal ice slumps. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.10 IMG_5697 crop proc proc 2.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.11 RWS_IMG_5738_rot_adj. crop proc proc proc.jpg
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Left lateral (north) moraine 

 

 

 
FIG. 17.12 The left-lateral (north) moraine of AU1141 2016. (Upper) The turn between the left-lateral moraine 
and the central terminal moraine. At least a dozen ice slumps are visible, most on the outside of the moraine. 

(Lower) The slumps are very similar to those on the right-lateral (south) moraine. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.12 RWS_IMG_5323 crop proc.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.12 RWS_IMG_5328 crop proc.jpg
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Ice slump mechanism 

 
A slump is a form of mass wasting that occurs when a coherent mass of loosely consolidated materials or a 

rock layer moves a short distance down a slope. A reasonable analogy is that of a conveyer belt that carries 

material to a dump.  

On the slope of a moraine of an active glacier, a chunk of loosely compacted till is overhanging an open 

ice surface. With warming, it eventually breaks free and slides down the ice, piling up at the other side 

(“bottom”) of the ice. The net result is that the ice exposure appears to move upward. If the till at the bottom 

is removed, say by a stream or other fluvial action, the ice is cleared, while more till on the glacier surface is 

moved into position to be released. If, however, the bottom till cannot be removed but the glacier is retreating, 

the ice slope can be maintained, and the glacier lays down a relatively low deposit.  

 

 
FIG. 17.13 Diagram of an ice slumps (cf. Fig. 17.8 (Upper)) 

 
A spectacular example of an ice slump, almost identical to those on Heard Island AU1141, was 

photographed in 2011 on the Black Rapids (Alaska) Glacier (FIG. 17.14).  

 

 
FIG. 17.14 An ice slump on the Black Rapids Glacier 2011 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.13 Ice slump diagram.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.14 Clip_16_crop_crop marked 2011.jpg
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Ice slicks 
 

In 2016, numerous ice slicks (shown in FIGs.17.15–17.21) were photographed by the author on the upper 

surface of Glacier AU1141. These are not slumps but appear to be areas flooded by liquid water and then 

frozen, in the manner of an artificial ice rink. The largest of these was about 75 m in diameter. The 

photographic evidence strongly indicates that the ice is deposited in successive layers, fed by an inland 

stream. It is unknown whether the streams are produced by geothermal heating or by normal runoff from 

glaciers above them. The author believes these are properly described as “periglacial.” 

 

 

 
FIG. 17.15 Locations of the ice slicks on Glacier AU1141 2016. (Upper) Slicks on the main part of the glacier. 

(Lower) An additional slick (#9) away from the glacier but of the same nature as slicks #1-#8. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.15 RWS_IMG_5252 crop 72dpi 8 boxes rev 1.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.15 RWS_IMG_5250 crop 72dpi Slick-9.jpg
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Slick #1 

 

 

 
FIG. 17.16  Ice slick #1, the largest on AU1141 2016. (Upper) Location on AU1141. (Lower) Detail. 

  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.16 RWS_IMG_5345 marked dated2016.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.16 RWS_IMG_5324 crop proc.jpg
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FIG. 17.17 Enhanced processing of the image of slick #1. (Left) Emphasizing separation from the surrounding 

glacier surface. (Right) Emphasizing layering and the apparent “inlet” (arrow). 

 
The following is a possible mechanism for the formation of these ice slicks. We assume that there is a 

source of liquid water upslope that supplies a stream that is channelled downslope to a relatively flat and level 

area. The source might be a subglacial stream that exits the glacier, or it could be geothermal heat due to a 

local hot spot. When the stream reaches the more level area it spreads and freezes into an ice fan. The 

repetitive flooding/freezing cycle will keep the surface of the fan smooth. We refer to this mechanism as 

“flood/freeze,” or “f/f.” FIG. 17.18 is a diagram of this process. 

 
FIG. 17.18 Proposed mechanism (f/f≡“flood/freeze”) of the formation of the ice slick. 

 

 
FIG. 17.19 Tentative location for the “hot spring” that feeds the ice slick. It is not unreasonable to assume that 

each ice slick has its own “hot” spring source.  

file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.17 RWS_IMG_5324_adj_adj_rot_crop proc.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.17 RWS_IMG_5324_adj_adj_rot_crop_overlay.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.18 image51 rev 1.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.18 image52.jpg
file:///L:/PICs_Chapter_17_AU1141_Glacier/FIG. 17.19 RWS_IMG_5324_adj_adj_rot_crop proc crop 1 marked arrow.jpg
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Slick #3 

 

 

 
FIG. 17.20 Ice slick #3, photographed in 2016. (Upper) The slick is located just below right-center. Other slicks 

are also seen in this photograph (#2, #4, #5). (Lower) Like slick #1, this slick also appears to have multiple 
layers. 
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Slick #9 

 
This slick is located near the center of FIG. 17.21. It appears to be a flat, circular formation with a “stem” 

(see sketch), similar to slicks #1 and #3. Thus, it seems reasonable that water is generated above the slick, 

runs down a groove or channel, spreads out, and freezes to form the circular ice area (the “flood/freeze” 

mechanism). 

 

 
FIG. 17.21 Ice slick #9, photographed in 2016. (Upper) The slick near the center of the picture. Above the 

“pool”, there appears to be a region that is erupted; this could be generated by hydrothermal activity. (Lower) 
Detail and diagram of the area around the slick. 
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Chapter 18 Glacial features 
 
Tidewater glaciers 
 

Tidewater glaciers have termini at the ocean. Generally, the terminus calves nearly vertically, so the 

glacier stops abruptly at the coastline. Clearly, the terminus is a dangerous place to walk.  

 

Baudissin Glacier 

 

 
FIG. 18.1 Nares Glacier (at left), Baudissin Glacier (at right) 1954/2012. The photographs were taken from the 

south end of Corinthian Beach, at 53°01.597’S, 73°24.796’E. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.1 Baudissin and Nares Glaciers 2012_resize 72dpi dated2012 Linked2x.jpg
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FIG. 18.2 Photographs of the terminus of the Baudissin Glacier. The glacier effectively blocks the eastern limit 

of Corinthian Bay making it necessary to travel over the glacier to go east from Atlas Cove. (Upper) 2012. 
(Lower) 2016. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.2 Glacier Budd_DSC0672 proc rot crop marked 2012.jpg
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Ealey Glacier 

 

 

 
FIG. 18.3 Satellite images of Ealey Glacier, on the northern coast, to the southeast of Morgan Island 2003. 

(Upper) The sediment plume comes off Gilchrist Beach and moves northwest. (Lower) Detail of the previous 
image. Large transverse crevasses are forming near the edge of the glacier. Note the different colors of 

sediment being deposited in the ocean. The offshore rocks are a semi-permanent feature.  

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.3 Ealey Glacier GE 2003 crop enhanced sediment proc marked 2003.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.3 Morgan Island 2003 wide crop proc proc marked 2003.jpg
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FIG. 18.4 S Ealey Glacier. (Upper) 2006. (Lower) 2006/2007. Remark: The offshore rocks in the 2007 Google 
Earth image are exactly the same as the 2006 image, apparently the result of a cut/paste operation before 

posting on Google Earth. We have indicated this by dividing and labeling the two areas. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.4 Morgan Island 2006 recrop proc marked 2006.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.4 Morgan Island 2006 2007 hybrid.jpg
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FIG. 18.5 A major mass loss from the Ealey Glacier observed in 2014 (cf. FIG. 18.4). (Upper) Wide view of the 
coastline, showing (box) that a large chunk has been removed from the glacier. The chunk was about 100 m x 

850 m, an area of about 8.5 km
2
. (Lower) Detail of the previous image. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.5 Morgan Island 2014 wide crop proc dated2014 leaders.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.5 Morgan Island 2014 oblique proc dashed boundary.jpg
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Vahsel Glacier 

 
The following pictures of Vashel Glacier span almost 60 years.  

 

 
FIG. 18.6 Vahsel Glacier from Southwest Beach. Erratic Boulder on left, Cape Gazert on right, just south of the 

Nullarbor. (Upper) Winter, 1954. (Lower) November 2012. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.6 Vahsel Glacier Budd 1954 2012.jpg
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FIG. 18.7 Vahsel Glacier from the southern edge of vegetated Vahsel Moraine, ca. 100 m south of Erratic 

Boulder, at 53°03.351’S, 73°22.887’E. (Upper) March 1971. (Lower) November 2012. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.7 Vahsel Glacier Budd March 1971 proc marked 1986 1971.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.7 Vahsel Glacier Budd November 2112 marked 1986 2012.jpg
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Gotley Glacier 

 
The south side of Big Ben is covered with steep glaciers, which exhibit extensive fracture zones. The 

zones typically consist of a group of roughly parallel crevasses. This image, of Gotley Glacier, shows a 

spectacular parade of crevasses, in groups of tens to hundreds, from simple transverse crevasses to marginal, 

splaying, and en echelon (characterized by an approximately parallel formation at an oblique angle to a 

particular direction). Rarely does the number of crevasses in a group exceed 10, although some groups may 

include dozens. Typically, a crevasse is 100-200 m long and 10-20 m wide, although crevasses of all 

dimensions are present.  

 

 
FIG. 18.8 Satellite image of a fracture field on the south side of the slope of Big Ben. The center of the image is 

at 53°06’57.60”S, 73°28’38.23”E, about halfway up the slope of Big Ben. The area is 2.635 km x 3.226 km = 
8.500 km

2
. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.8 Big Ben cravass field south side 5 Feb 2014 proc marked 5 Feb 2014.jpg
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The following two satellite images (2009, 2014) show the complex fracture patterns of steep glaciers, in 

this case, Gotley Glacier. Overall, they appear very similar, and it is tempting to compare the images 

quantitatively to infer the speed of movement of the glacier. Unfortunately, this is very likely to fail: it is 

nearly impossible to identify individual features that appear in both images. Even in cases for which there 

appears to be the same feature, other nearby features spoil the certainty that one is looking at the same feature 

in two places. Even superposing the images fails to show corresponding features, hence there is no clear way 

to determine the movement. In other words, the glacier evolution is like turbulence, in which there is a 

macroscopic similarity but microscopic incoherence.  

 

 
FIG. 18.9 Stress cracking (crevasses) in Gotley Glacier. (Upper) 2009. (Lower) 2014. The centers of the pictures 

are at 53°07’18”S, 73°28’02”E, about halfway up the south side of Big Ben. The area is about 684 m x 401
 
m 

(0.274 km
2
). While the patterns look superficially alike, there are significant differences. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.9 Gotley Glacier 2009 2014 Linked2x BW crop proc.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.9 (inset) Gotley Glacier.jpg
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Deacock Glacier 

 

 
FIG. 18.10 Detailed structures in the upper part of the Deacock Glacier. The centers of the pictures are at 

53°08’54.51”S, 73°30’38.70”E, about halfway up the south side of Big Ben. (Left column) Details of a particular 
area, 2009/2014. (Right column) Detail showing nearly the entire length of the glacier 2009/2014.  

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.10 Glacier fall 2009 2014 Linked 4x.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.10 (inset) Deacock Glacier.jpg
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Lakewater glaciers 
 

Lakewater glaciers have their termini in a lagoon, which typically was created by the melting of the glacier 

itself. Like tidewater glaciers, they calve when the water is sufficiently deep, hence the terminus is generally 

vertical. 

 

Compton Glacier 

 

 
FIG. 18.11 Compton Glacier and Compton Lagoon 2014. (Upper) Widefield view. The lagoon is about 1.8 km in 

diameter. Originally the glacier was a single flow, but the reduction of mass has caused it to split into two 
branches that diverge, then converge again to enter the lagoon. (Lower) Detail. A stream normally flows along 
the northern edge of this glacier, but near the point at which the glacier meets the lagoon, it disappears and 

reappears about 130 m later (upper center). 
  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.11 Compton_underground_1_exposure proc box.jpg
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Brown Glacier 

 
During the ANARE period, 1947-2003, a 29% reduction in the area of the Brown Glacier was observed 

[Wikipedia]. In 1947 the glacier stretched all the way to the ocean and ended in a 20-meter-high ice cliff, but 

now it has retreated by nearly 600 m [Doug Thost]. 

  

 
FIG. 18.12 Brown Glacier 2014 

 

In 2000, and again in 2003-2004, Brown Glacier was the object of a very detailed study. The study showed 

that the glacier is rapidly retreating, suggesting that local climatic conditions are continuing to change rather 

than stabilize the glacier. In a 2004 article in the Australian Antarctic Magazine, Doug Thost writes: 

 
Compared with 1950 (the earliest record from which physical boundaries of the glacier 

can be defined), the glacier has lost 38% of its volume and retreated 1.17 km at an average 
rate of 21 m per year. This retreat is attributed to an increase in average annual 
temperatures of about one degree Celsius. … 

Brown Glacier has been changing for the last 50 years, and the changes appear to be 
ongoing at an accelerated rate. Since 2000, Brown Glacier has retreated 60 m. But the 
greatest changes were noted using Global Positioning System surveying techniques to 
measure the ice surface elevation. The lower slopes of the glacier have lost as much as 11 m 
in thickness, while higher up (where it is colder and changes were expected to be minor), the 
surface has dropped by up to four m. This translates to a loss of about 8 million cubic meters 
of ice per year, compared with the 50-year average of 3 million cubic meters per year. 

Other glaciers on the island also display marked changes with time. A comparison of the 
ice front of Stephenson Glacier (which terminates in a 113 m deep lagoon) using a high-
resolution satellite image taken in January 2003, showed a retreat of nearly 200 m, a 
dramatic change for one year. 

7 
 
  

https://en.wikipedia.org/wiki/Brown_Glacier
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.12 Brown Lagoon Clip_10 mod marked 2014.jpg
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FIG. 18.13 Brown Glacier retreating to form Brown Lagoon 1947/1963/2007 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.13 Brown Glacier 1947 1963 2007 Linked3x.jpg
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FIG. 18.14 Two representations of the terminus positions of Brown Glacier. (Upper) 1947-2004. The terminus 

curves came from multiple sources, including oblique terrestrial and vertical aerial photographs and digital 
GPS. The background image is from the Quickbird satellite (2003). (Lower) 1947-2016. Contours of the retreat 
of Brown Glacier 1947-2016. Brown Glacier stands out as retreating rapidly and accelerating. The average rate 

of the retreat was 18-30 m/yr. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.14 Brown Glacier retreat crop proc.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.14 Brown Glacier b dated 1947-2016.jpg
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Glacier dynamics 
 

Lagoon formation: Winston and Stephenson Glaciers 

 

 
FIG. 18.15 Two locations of glaciers: confined in valleys and spread out on a broad ridge 

 

Terminus ice slumping of Fiftyone Glacier 

 

 
FIG. 18.16 Ice slumps on the terminus. These slumps are common on Heard Island. (cf. Ch. 17 Glacier AU1141). 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.15 Clip_5_exp crop labelled.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.16 Clip_4 crop proc crop.jpg
file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.16 (inset) FiftyOne Glacier.jpg
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Self-repair of Downes Glacier 

 
In 2003 an unusual process occurred on Downes Glacier, adjacent to Cape Bidlingmaier. A large chunk of 

the glacier was missing, leaving a gap of roughly 250 m x 400 m. The fracture likely occurred some years 

before, judging by the presence of two sediment tongues that built outward from runoff. By 2007, the gap had 

been filled in by the glacier, an advance of 230 m in 39 months (average speed 70 m/yr). 

 

 
FIG. 18.17 Repair of Downes Glacier. (Upper) On 16 Jan 2003, a large piece of the glacier was missing. (Lower) 

By 12 May 2007, this void had been filled, and the glacier was building outward. 

  

file:///L:/PICs_Chapter_18_Glacial_features/FIG. 18.17 Cape Bidlingmaier 2003 2007 proc crop markeed 2003 2007.jpg
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Retreat of Heard Island glaciers 

 
One of the best expositions of glacial retreat on Heard Island is by the AAD. It appears in Wikipedia, but it 

is based on the work presented by Ruddell (in Green and Woehler, 2006). It is reproduced here in full. 

 
Some eighty percent of Heard Island is covered in ice, with glaciers descending from 

2400 m to sea level. Due to the steep topography of Heard Island, most of its glaciers are 
relatively thin (averaging only about 55 meters in depth).  

Available records show no apparent change in glacier mass balance between 1874 and 
1929. Between 1949 and 1954, marked changes were observed to have occurred in the ice 
formations above 5000 feet on the southwestern slopes of Big Ben, possibly as a result of 
volcanic activity. By 1963, major recession was obvious below 2000 feet on almost all 
glaciers, and minor recession was evident as high as 5000 feet. 

The coastal ice cliffs of Brown and Stephenson Glaciers, which in 1954 were over 50 feet 
high, had disappeared by 1963 when the glaciers terminated as much as 100 m inland. 
Baudissin Glacier on the north coast, and Vahsel Glacier on the west coast, lost at least 30 
and 60 vertical meters of ice, respectively. Winston Glacier, which retreated approximately 
one mile between 1947 and 1963, appears to be a very sensitive indicator of glacier change 
on the island. The young moraines flanking Winston Lagoon show that Winston Glacier has 
lost at least 100 vertical meters of ice within a recent period. Jacka Glacier on the east coast 
of Laurens Peninsula has also demonstrated marked recession since 1955. 

Retreat of glacier fronts across Heard Island is evident when comparing aerial 
photographs taken in December 1947 with those taken on a return visit in early 1980. 
Retreat of Heard Island glaciers is most dramatic on the eastern section of the island, where 
the termini of former tidewater glaciers are now located inland. Glaciers on the northern 
and western coasts have narrowed significantly, while the area of glaciers and ice caps on 
Laurens Peninsula have shrunk by 30–  65 percent.  

During the period between 1947 and 1988, the total area of Heard Island's glaciers 
decreased by 11%, from 288 km

2
 (roughly 79% of the total area of Heard Island) to only 257 

km
2
 (70%). A visit to the island in the spring of 2000 found that the Stephenson, Brown, and 

Baudissin glaciers, among others, had retreated even further. The terminus of Brown Glacier 
has retreated approximately 1.1 km since 1950. The total ice-covered area of Brown Glacier 
is estimated to have decreased by roughly 29% between 1947 and 2004. This degree of loss 
of glacier mass is consistent with the measured increase in temperature of +0.9°C during 
that time span.  

The Australian Antarctic Division conducted an expedition to Heard Island during the 
austral summer of 2003-04. A small team of scientists spent two months on the island, 
conducting studies on avian and terrestrial biology and glaciology. Glaciologists conducted 
further research on the Brown Glacier, to determine whether the glacial retreat is rapid or 
punctuated. Using a portable echo sounder, the team took measurements of the volume of 
the glacier. Monitoring of climatic conditions continued, with an emphasis on the impact of 
Foehn winds [a type of dry, warm, down-slope wind that occurs in the lee (downwind side) 
of a mountain range] on glacier mass balance. Based on the findings of that expedition, the 
rate of loss of glacier ice on Heard Island appears to be accelerating. Between 2000 and 
2003, repeat GPS surface surveys revealed that the rate of loss of ice in both the ablation 
zone and the accumulation zone of Brown Glacier was more than double the average rate 
measured from 1947 to 2003. The increase in the rate of ice loss suggests that the glaciers of 
Heard Island are reacting to ongoing climate change, rather than approaching dynamic 
equilibrium. The retreat of Heard Island's glaciers is expected to continue for the foreseeable 
future.  
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FIG. 18.18 Changes in glaciation from before 1947 to 2003. (Upper) Heard Island. (Lower) Detail of Laurens 

Peninsula. The irregular red curves in both maps trace the extent of glaciation in 2003. The maps include data 
from 1947, 1980, 1987, 1988, and 2003.  
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Chapter 18 GLACIAL FEATURES ⃝ Page 423 

 
The GIS (Geographic Information System) is a very powerful procedure for plotting large amounts of 

detailed geographic data. The system accesses a database, from which the user can select any of the 

parameters to plot. For instance, in the upper image below, only the pre-1947 outlines have been plotted, 

while in the lower image five outlines are plotted. The advantage is speed and versatility in generating 2D 

plots of geographical data, enabling the presentation of information that illustrate particular data. 

 

 

 
FIG. 18.19 GIS maps showing the extent of glaciers. (Upper) Pre-1947. (Lower) 2008.  
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Statistics 

 
Dimensions of selected Heard Island glaciers from 1947 to 2000 are show in FIG. 18.20. In this group, 

3/11 glaciers lose area rad 8/11 lose area slowly. Interestingly, area correlates well with volume, but very 

poorly with length. Ruddell give the following relation between volume V[km
3
] and area A[km

2
]: 

V=0.0393A
1.124

. The equivalent depth is D=V/A=0.0393A
0.124

, which implies a depth of about 50 m for the 

glaciers on Heard Island. 

 

 
FIG. 18.20 Statistics of selected Heard Island Glaciers. (Upper) Length [km]. (Middle) Area [km2]. (Lower) 

Volume [km3]. Note that the minima of the ordinates are suppressed. Data from Andrew Ruddell, in Green 
and Woehler, Heard Island: Southern Ocean Sentinel. 
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SECTION 7 STREAMS 
 

Chapter 19 Inland streams 
 

In this chapter, we show examples of “inland streams,” by which we mean streams that do not empty 

directly into the ocean. We include streams that empty into a lake, lagoon, or tarn, and streams that flow under 

a glacier and locally disappear (termed reentrant streams). We will use the notation X ⫸ Y to mean that the 

flow of the stream is from X to Y.  

 

Stephenson Lagoon 
 

Stephenson Lagoon is bordered by Glacier AU1141, Stephenson Glacier, and Scarlet Hill. These bodies 

supply several streams that empty into Stephenson Lagoon and Marion Tarn. These streams are shown in 

FIG. 19.1.  

 
FIG. 19.1 Locations where the mouths of subglacial streams flow into Stephenson Lagoon [S1-S6] and Marion 

Tarn [M1-M2]. 2014. The arrows indicate the approximate direction of the stream at its mouth. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.1 Stephenson Lagoon streams S1-S6 M1-M2 2014 crop.jpg
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Stream [S1] (Glacier AU1141 ⫸Stephenson Lagoon) 

 

 
FIG. 19.2 The largest inlet [S1] into Stephenson Lagoon 2014. (Upper) Moderate enhancement, showing the 
rippling of the lagoon caused by the influx of the stream water. (Lower) Extreme enhancement of the image, 

emphasizing that the water coming from the two branches of the delta extends for perhaps 200 m. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.2 Stream S1 proc 1 proc 2 Linked2x marked 2014.jpg
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FIG. 19.3 shows stream [S1] for 2014 and 2016, and details of the deltas. The reason for the great 

difference is, of course, that it runs through a sediment deposit with very low gradient. The stream itself 

meanders more than its width in only two years. The deltas are of the bird foot type, built where waves and 

tides are weak.  

 

 
FIG. 19.3 The delta of stream [S1], shown in two different years: (Left column) 2014. (Right column) 2016. The 

stream is 180 m long. The geometry of the delta shifts continuously since the loose sediment presents an 
unstable bed for the flow. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.3 Stream S1 2014 2016 full close Linked2x2x.jpg
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FIG. 19.4 Flow of the stream [S1] from the foot of the AU1141 glacier 2016. (Top) Emergence from the glacier. 

(Middle) Flow through the coarse till. (Bottom) The stream flows to the delta and then into Stephenson 
Lagoon. The length of the flow from emergence to the mouth is 185 m. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.4 IMG_5423.JPG
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.4 Gavin_DSC_5462_proc.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.4 IMG_5432_proc.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.4 Stephenson Lagoon deposition.jpg
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Stream [S2] (Glacier AU1141 ⫸ Stephenson Lagoon) 

 

 

 
FIG. 19.5 Stream [S2] flowing from an ice slump on the Lower part of the AU1141 terminus into the west side 

of Stephenson Lagoon 2016.  

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.5 IMG_5549 rot crop proc.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.5 RWS_IMG_5542 crop proc marked 2016.jpg
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Stream [S3] (Stephenson Glacier ⫸ Stephenson Lagoon 

 
The following is not technically a “stream,” but it does have the property of water flowing from a localized 

location into the lagoon, hence we include it in this section.  

As with many glaciers, Stephenson Glacier comprises multiple flows. In the image below, we can discern 

at least four different colors/textures at the terminus. The rightmost flow (glacier right), about three-fourths of 

the total width (about 50 m), is noticeably lighter and bluer in color. By digitally enhancing the color of the 

lagoon water, it becomes apparent that this part of the glacier produces a sharply delineated region of lagoon 

water that propagates 300-500 m out into the lagoon. The different regions are due to different sediment 

loading. The most obvious aspect of images such as this is the extremely small amount of mixing. We might 

have expected some turbulence or instability-driven mixing at the boundary, say by the Kelvin-Helmholtz 

instability, but even down to the pixel resolution of the satellite image, there is none.  

 

 
FIG. 19.6 Flow of water [S3] from the terminus of Stephenson Glacier into Stephenson Lagoon 20 Feb 2016. 
The colors have been digitally enhanced for visualization, but the boundaries between colors have not been 

edited. At least five different types of water are seen, although we do not know what the differences between 
these waters are. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.6 Stephenson Glacier stream proc proc marked 20 Feb 2016.jpg
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Stream [S4] (Scarlet Hill ⫸ Stephenson Lagoon 

 

 
FIG. 19.7 Stream [S4] carries a load of sediment into Stephenson Lagoon. Like other streams, this one 

meanders and evolves its delta. A digitally enhanced version of these images is shown in FIG. 15.7.  

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.7 Scarlet Hill into Stephenson Lagoon 2014 2016.jpg
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Stream [S5] (Dovers Moraine ⫸ Stephenson Lagoon East shore)  

 
FIG. 19.8 Stream [S5] flowing from Dovers Moraine into the east side of Stephenson Lagoon 2016. This stream 

is little more than a shallow creek. Looking upstream. 

 

Stream [S6] (Dovers Moraine ⫸ Stephenson Lagoon East shore)  

 

  
FIG. 19.9 Stream [S6] flowing from Dovers Moraine into the east side of Stephenson Lagoon 2016. This stream 

also is little more than a shallow creek. Looking downstream. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.8 RWS_IMG_5676 crop proc.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.9 RWS_IMG_5749 combined.jpg
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Marion Tarn 
 

Two streams, [M1] and [M2], flow into Marion Tarn, both as subsurface streams from Glacier AU1141. 

Both streams enter the tarn on the upper west side, and both have created sediment deposits that extend about 

30 m into the tarn. In FIG. 19.10, note also the curved ice slump at upper left, numerous remnants of previous 

stream channels, and the green plants on the west (left) side.  

 

 
FIG. 19.10 Marion Tarn, including two inlet streams [M1] and [M2]. 2014. The distance from the northern tip 

of the tarn to the southern tip is 1.1 km. The width of the tarn at the bend is 275 m. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.10 Marion Tarn 2014 marked 2014.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.10 (inset) Marion Tarn.jpg
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Changes over 2006-2016 of the northern part of Marion Tarn are shown in FIG. 19.11. Note that in 2006 

there was a large ice exposure above the tarn, whereas in 2007 this exposure had collapsed. In 2014 a single 

stream had built a sediment dam penetrated by the stream, whereas in 2016 the dam was altered and there is a 

considerable increase in sediment deposits on the shoreline both north and south of the dam.  

 

 
FIG. 19.11 Change of the northern end of the tarn, showing the buildout of stream [M1]. 

2006/2007/2014/2016. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.11 Marion Tarn 2006 2007 2014 2016 Linked4x.jpg
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FIG. 19.12 The northern end of Marion Tarn. 2016. (Upper) Features identified in the lower photograph. The 
position and view of the camera is shown in white. (Lower) View looking southwest. (1) the collapsed ice fall 

over stream [M1] seen in FIG. 19.16. The scar in the ice face left by the chunk of till as it fell is readily 
apparent. (2) The long pile of till just beyond the platform (but mostly obscured in this photo). Its total length 

is 116 m. (3) The flat platform, which measures 17 m on the edge nearest the camera. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.12 Marion Tarn top 2016. proc crop.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.12 Gavin_DSC_5357_adj proc 72dpi dated 2016 marked123 proc.jpg
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Stream [M2] is visible on the surface for about 300 m. One of the large ice slumps above Marion Tarn is 

visible in 2014 and 2016, but not in 2006. The upper run of the stream is about the same in 2014 and 2016, 

but the delta has changed significantly. Major deposits of till lie to the north of the stream, obviously the 

result of ice slumps.  

 

 
FIG. 19.13 Details of stream [M2] into the Marion Tarn 2014/2016. This stream appears just below stream 

[M1]. It is a completely surface stream that has constructed a bulging deposit 20 m x 60 m. The width of the 
tarn at the bend is 285 m. Details of the inlet are shown in FIG. 19.16. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.13 Stream M2 2014 2016 Linked2x marked M2.jpg
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This inlet is built by the continuous transport of sediment from the slope above. The stream creates a delta 

that changes on a yearly time scale.  

 

 
FIG. 19.14 Details of stream [M2] into the Marion Tarn 2014/2016. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.14 Stream M2 delta 2014 2016 Linked2x 1.jpg
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FIG. 19.15  Details of stream [M1] and its sediment dam 2014/2016. The shoreline width of the dam in 2014 
was 45 m; in 2016 it grew to more than 100 m. Note also the ice slump above this feature (to the left): the 

satellite view makes it appear relatively narrow but it is some 100 m high. 

 

 
FIG. 19.16 The collapsed ice fall shown in FIG. 19.15, from which the subglacial stream [M1] emanates. The 

carpet of till on the top is largely intact, indicating that the chunk slid down more-or-less intact. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.15 Marion Tarn stream M1 2014 2016 Linked 2x marked M1.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.16 Gavin_DSC_5364_crop_blur_tilt proc crop 72dpi marked M1 2016.jpg
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Brown Lagoon 
 
 

 
FIG. 19.17 Elevated view of the delta in Brown Lagoon 2003. Clearly, the flow is far more complex than shown 

in the previous figures. 

 

 
FIG. 19.18 The stream complex feeding into Brown Lagoon, including streams [B1,B2,B3] 2016. Note the very 

large sediment platform that has been deposited by these streams, which meander around the platform in 
time. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.18 HI Glaciology Program 2003-04 ASAC_2363 Photo_A3 3. crop crop crop 72dpi markeed 2003.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.17 Broawn Lagoon 2016 streams B1 B2 B3.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.18 (inset) Brown Lagoon.jpg
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Like most other inland streams, the inflow of streams [B1,B2,B3] into Brown Lagoon has built a 

substantial delta within which the streams continuously meander. The sediment load is readily seen in the 

satellite images.  

 

 
FIG. 19.19 Variation of the Brown Lagoon streams [B1,B2,B3] 2006/2014/2016. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.19 Brown Lagoon 2006 2014 2016 Linked3x arrows.jpg
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Typical meandering stream channels flow through broad flood plains full of alluvial sediment. However, in 

some situations, meanders may cut directly into bedrock. A meander that has cut into bedrock is known as an 

incised or entrenched meander. In contrast to meanders in alluvium that erode and migrate rapidly or get cut 

off at the neck abruptly, entrenched meanders are relatively fixed. This is because entrenched meanders are 

walled in by bedrock on both sides and have little floodplain to easily erode and redeposit. Entrenched 

meanders form as a result of tectonic uplift of the stream drainage area. The uplift increases the gravity-driven 

energy of the stream causing it to incise rapidly down through the flood plain alluvium into the bedrock 

beneath. Entrenched meanders are striking landscape features because they are unusual, and they provide 

strong evidence of tectonic activity in a region.  

The rocky shore around Brown Lagoon shows some entrenched meanders. FIG. 19.20 shows a stream in 

the process of cutting a series of meanders, as well as a fully cut meander series that has been abandoned.  

 

  
FIG. 19.20 Entrenched meanders on the slope above Brown Glacier 2008. (Left) Active cutting of channel. 

(Right) A channel that was deeply cut and subsequently abandoned. 

 
  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.20 Andy Cianchi Brown Glacier 08 159 crop proc marked 2008.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.20 Andy Cianchi Brown Glacier 08 161 crop proc.jpg
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Compton Lagoon  
 

 

 
FIG. 19.21 (Upper) Compton Lagoon, taken from 2008 helicopter video. (Lower) Three streams [C1,C2,C3] 

feed into Compton Lagoon 2014. 

 
Streams C1, C2 are described below. Stream [C3] is described in Chapter 22. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.21 Andy Cianchi 2008 helicopter video frames 04 marked 2008.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.21 Compton Lagoon 2014 marked B1 B2 B3.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.21 (inset) Compton Lagoon.jpg
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Streams [C1,C2] 

 

 
FIG. 19.22 Streams [C1,C2] flowing into Compton Lagoon. Like most of the other deltas seen on Heard Island, 

these change completely on a yearly time scale. The length of the streams is about 100 m. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.22 Compton Lagoon Streams C1 C2 C3 2003 2006 2014 Linked3x.jpg
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FIG. 19.23 Details of streams [C1,C2] seen in FIG. 19.22 2014. Like most of the other deltas seen on Heard 

Island, these change almost completely on a yearly time scale. The overall length of the streams seen in these 
images is about 100 m. The lower image shows stream [C2] emerging from Compton Glacier. This is very 

similar to the stream from Glacier AU1141 into Stephenson Lagoon (see above). 

 
  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.23 Compton Lagoon  C1 2014.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.23 Compton Lagoon  C2 2014.jpg
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Winston Lagoon 
 

 

  
FIG. 19.24 The stream complex input to the Winston Glacier 2014. (Upper) The streams are runoff from the 

Winston Glacier. (Lower left) Two main streams cascade down the rocks (falls of about 40 m) but converge as 
they enter the lagoon. (Lower right) It is not clear whether the large outflow reaching the lagoon is part of the 
Upper runoff or an independent subsurface stream. The apparent high volume of this flow suggests the latter. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.24 Clip_4 proc clarity marked 2014.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.24 Winston Lagoon inlet stream 2014 proc.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.24 Winston stream 2_exposure proc crop.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.24 (inset) Winston Lagoon.jpg
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Re-entrant streams  
 

Scarlet Hill 

 

 
FIG. 19.25 A re-entrant stream on Scarlet Hill, at the north end of Stephenson Lagoon. (Upper) 2014. (Lower) 

2016. The stream originates in a small tarn, runs for not quite 400 m, and then passes into an ice tunnel, finally 
flowing under the glacier. After about 500 m, the subglacial stream re-emerges, then flows about one km, 

ending in the delta at the northern shoreline of Stephenson Lagoon (cf., FIG. 19.7).  

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.25 Scarlet HIll stream 2014 2016.jpg
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Some streams completely disappear under glaciers, rather than flow into a lagoon, and they might emerge 

again. Several such streams are seen on Heard Island in various years. 

 

Fiftyone Glacier 

 

  
FIG. 19.26 Three re-entrant streams on the slopes of Fiftyone Glacier (south shore) 2014. All streams are 

moving down ↓ in these images. (Left) Length 120 m. Location 53°10’59”S, 73°32’58”E. (Middle) Length 120 
m. Location 53°10’27”S, 73°32’59”E. (Right) Length 100 m. Location 53°11’04”S, 73°35’55”E. 

 

Saddle Point 

 

 
FIG. 19.27 Re-entrant stream in Desperation Gully near Saddle Point (north shore). Its length is 365 m. The 

water flows from right to left, dropping from 103 m elevation to 64 m. Location 53°01’32”S, 73°40’31”E. 

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.26 Clip_21_exposure crop.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.26 Clip_20_exposure crop.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.27 Desperation Gully near Saddle Point proc crop 1 proc marked 2014.jpg
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Meadow streams 
 

Much of the vegetated area of Heard Island is comprised of the “pool complex” a swamp/meadow. In this 

complex, we often find local streams, deriving the water from runoff and transporting it to pools.  

 

 

 
FIG. 19.28 Anastomosing meadow streams 2016, good examples of the “Pool Complex”. The view is looking 
across the isthmus toward Red Island, Laurens Peninsula. The original Red Island Lake (now with breached 

barriers) is seen in the distance.  

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.28 Gavin_DSC_4735 crop.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.28 Gavin_DSC_4722 proc.jpg
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FIG. 19.29 A lovely meadow stream on the Red Island isthmus 2016. (Above) Looking east. (Below) Looking 

west. The vegetation suggests that this is a persistent stream.  

  

file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.29 Fred_100_DSC_0019.jpg
file:///L:/PICs_Chapter_19_Inland_streams/FIG. 19.29 Gavin_DSC_2821.jpg
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Chapter 20 Tidewater streams 
 

Overview 
 

In this chapter, we show examples of “tidewater streams,” by which we mean a stream that flows to the 

ocean rather than into an inland body of water such as a lagoon. The streams occur around the entire edge of 

Big Ben. They emanate from the aprons of glaciers, hence as the glaciers retreat, the streams lengthen. The 

longest of these streams flows more than 3.5 km, but most are 1-2 km long. 

 

 
FIG. 20.1 Satellite aerial images of streams on the south side of Heard Island, looking north, with the main 

tidewater streams highlighted 

 
FIG. 20.2 Tidewater streams are distributed around the entire coastline of Heard Island 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.1 HI looking north 1 crop.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.2 HD_full_BW_proc proc.jpg
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FIG. 20.3 shows a QGIS (Quantum GIS) plot of all streams (and major lagoons) on the east side of Heard 

Island. The data was obtained by download from the AADC website. These data were obtained in 2004; 

considering the ephemeral nature of many of the streams, the plot is certainly inaccurate in its details as of 

this writing (2021).  

 

 
FIG. 20.3 Planimetric map of streams and major lagoons on the eastern part of Heard Island 

 
 

 
FIG. 20.4 The tidewater stream from Schmidt Glacier to South West Bay, a distance of about 2 km 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.3 Watercourses 1 crop clue thicker marked 2014.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.4 Schmidt Glacier tidal stream 2014 marked.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.4 (inset) Southwest Bay.jpg


 

Chapter 20 TIDEWATER STREAMS ⃝ Page 455 

Statistics 
 

We might ask whether there is any correlation between the number of tidewater streams and the geologic 

material over which they pass. The geologic material is taken as either “moraine/coastal deposits” or “Big 

Ben Series” (volcanic rock). Data generated by simple counting of the steams in the four quadrants (NESW) 

shown in FIG. 20.5 are listed in Table 20.1. On average, there is one tidewater stream every 3.2 km in the 

moraine/coastal deposits, and every 2.04 km in the Big Ben Series. Thus, while we might have expected the 

unconsolidated moraine/coastal deposits to allow denser generation of streams, in fact, the “Big Ben series” 

has about 57% more streams.  

 
FIG. 20.5. Geologic map with the major tidewater streams overlaid. The map is divided into four compass 

quadrants; the length of the shoreline and the number of steams in each quadrant are listed in Table 20.1. 

 
 

Table 20.1 Statistics of streams and streambeds 
Quadrant Moraine/coastal deposits Big Ben Series 

 km # streams km # streams 

N 9.6 1 2.4 1 
E 12 4 12 3 
S 4.8 2 7.2 9 

W 12 2 19.2 7 

Totals 38.4 12 40.8 20 

# streams/km 
 

0.3 
 

0.5 
km/stream 

 
3.2 

 
2.0 

Ratio 
  

(3.2/2.0)=1.6 
   

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.5 Barling_streams_01 proc NESW.jpg
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Lavett Bluff 
 

FIG. 20.6 shows Lavett Bluff, on the extreme southern coast of Heard Island, adjacent to Fiftyone Glacier. 

The long stream was about 1.5 km long in 2009 and 2014. The main change between these years was in its 

source (cf. FIG. 20.7).  

 

 
FIG. 20.6 Tidewater stream draining the Lavett Bluff 3 Feb 2009/5 Feb 2014. These images seem to indicate 
that there was significantly more runoff in 2014 than in 2009. Note the reentrant stream in the 2014 image. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.6 Lavett Bluff 2009 2014 Linked 2x.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.6 (inset) Lavett Bluff.jpg
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In 2009 the Lavett stream was a drain from an ephemeral tarn about 100 m in diameter. By 2014 the tarn 

had given way to an extensive drainage basin about 130 m across, plus a dendritic drainage area. 

 

 
FIG. 20.7 Details of the sources of the stream at Lavett Bluff 3 Feb 2009/5 Feb 2014. These two satellite 

images show the same view. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.7 Lavett Bluff stream source 2009 2014 Linked 2x.jpg
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Little Beach 
 

Little Beach is on the northern coastline of Heard Island, just west of Saddle Point at the east end of 

Corinthian Bay. In 2007 a tidewater stream about 0.5 km long originated in an ephemeral tarn. By 2014 the 

tarn had given way to an extensive drainage basin about 30 m across, plus a dendritic drainage area. 

 

 
FIG. 20.8 The tidewater stream draining across Little Beach 12 May 2007/5 Feb 2014. The details of the boxed 

areas are shown in FIG. 20.9. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.8 Saddle Point 2007 2014 crop linked 2x.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.8 (inset) Little Beach.jpg
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FIG. 20.9 Details from the previous image of the Little Beach area in 2014. These patterns change quite 

rapidly, due to unstable meandering. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.9 Saddle Point 2014 6 crop proc marked 2014.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.9 Saddle Point 2014 4 crop proc marked 2014.jpg
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Hoseason Beach 
 

 
FIG. 20.10 Two tidewater streams flowing into Corinthian Bay 2014. (Top) The mouths of the two streams are 
1.2 km apart. This picture has been rotated about 5° counterclockwise to orient the beach to the horizontal. 

(Middle) The western stream. Entry into the Bay is at 53°01’505”S, 73°26’16”E. (Bottom). The eastern stream. 
Entry into the Bay is at 53°01’47”S, 73°27’21”E. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.10 HoseasonBeach B 2014 crop proc details 1 2 marked 2014.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.10 (inset) Corinthian Bay.jpg


 

Chapter 20 TIDEWATER STREAMS ⃝ Page 461 

Fiftyone Glacier 
 

 

  
FIG. 20.11 Tidewater stream complexes below Fiftyone Glacier on the southern coast 2014. (Upper) The 

terminus of the glacier showing the streams crossing to the ocean (arrows). (Lower) Two details of the stream 
complexes. Compare the complex lower right with that in FIG. 20.9. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.11 Fiftyone Glacier 2014 72dpi marked 2014.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.11 Fiftyone Glacier streams 2014 proc crop 1.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.11 Fiftyone Glacier streams 2014 proc crop 2.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.11 (inset) FiftyOne Glacier.jpg
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AU1141 Glacier 
 

 

   
FIG. 20.12 The drainage area from the right-lateral moraine of Glacier AU1141 on 5 Feb 2014. (Upper) View of 
entire stream, about 3.0 km long. (Lower left) Detail showing the dendritic drainage network. (Lower right) An 
approximate topology of the drainage network. The presence of the loop means that simple tree topology will 

be inadequate for characterizing this structure. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.12 AU1141 right lateral ice slump drainnnage proc markeed 2014 detailed.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.12 Clip_4.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.12 Stream network diagram.jpg
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Long Beach 
 

The margin of the broad plain at Long Beach provides a path for one of the longest tidewater streams 

(more than 3.5 km).  

 

 
FIG. 20.13 The tidewater stream flowing just east of Long Beach 3 Feb 2009/5 Feb 2014. The circles in these 

two images mark the location of an AAD emergency shelter (an Apple). 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.13 Stream past Long Beach 2009 2014 Linked2x marked AAD shelter.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.13 (inset) Long Beach.jpg
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When the stream flows, it meanders, as expected.  

 

 
FIG. 20.14 Details of FIG. 20.13 showing the stream mouth at Long Beach 2009/2014. The red circles highlight 

the apple shelter placed there by the AAD. 

 
  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.14 Long Beach stream mouth 2009 2014 Linked2x.jpg
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Western Glaciers 
 

 
FIG. 20.15 Streams on the unglaciated area between Abbotsmith and Lied Glaciers. 2009/2014. 

 
  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.15 Lied Abbotsmith 2009 2014 Linked2x2x.jpg
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FIG. 20.16 One of the streams between Lied and Gotley Glaciers 2009/2014. The stream runs about 2.5 km. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.16 Lied Gotley 2009 2014 Linked2x.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.16 (inset) Lied Glacier.jpg
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Meandering streams 
 

Meandering streams seem to resemble lightning, especially if they have a dendritic network of tributaries. 

Several long, meandering tidewater streams on the west side of Heard Island, imaged in 2012 and shown in 

FIG. 20.17, have this character. They have lengths of 1.8 km, 0.8 km, 0.8 km. The images have been rotated 

so the water flows from right to left in these images. Below these is an image of a typical lightning bolt, 

which also shows a meandering dendritic geometry. The bolt is from the sky on the left to the ground on the 

right. The analogy is incomplete, however: the streams collect water from the tributaries and grow in strength, 

whereas lightning creates the tributaries and loses strength.  

 

 

 

 
FIG. 20.17 Comparison of two drainage basins with a lightning bolt. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.17 image17.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.17 image18.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.17 Lightning Getty Images.jpg
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Baudissin Glacier  
 

 

 
FIG. 20.18 Sub-glacial tidewater stream exposed by a surface opening on the west side of Baudissin Glacier 

2016. (Upper) The stream runs from right to left, eventually dumping into Corinthian Bay. (Lower) View inside 
the upstream tunnel, including the flow direction. 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.18 Gavin_DSC_3146_1 marked 2016.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.18 Gavin_DSC_3140 proc marked 2016.jpg
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FIG. 20.19 The Baudissin Glacier stream shown in the previous picture, flowing from the glacier, across the 

beach, and into Corinthian Bay 

  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.19 Bill_8J6A4264 crop arrow marked 2016.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.19 Bill_8J6A4268 crop arrow 2.jpg
file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.19 Bill_8J6A4272 crop arrow 2.jpg
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FIG. 20.20 Subsurface stream partially exposed by loss of cover 2016. Located near the left terminal moraine 

of the Bausissin Glacier. 
 

Ephemeral streams 
 

 
2FIG. 20.21 Ephemeral stream flowing toward South West Bay (west side) 2016 

 
 
  

file:///L:/PICs_Chapter_20_Tidewater_streams/FIG. 20.21 Gavin_05_020_Day_trip_3_DSC_3152_1 marked 2016.jpg
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Cascades 
 

  
FIG. 20.22 Cascades on the east side of Laurens Peninsula 1997. These streams empty into Atlas Roads, which 

is open to the sea.  

 

 
FIG. 20.23 Cascades on the west rib of Schmidt Glacier 1997. These streams empty into South West Bay, which 

is open to the sea west. 
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SECTION 8 LAKES 
 

Chapter 21 Stephenson Lagoon 
 

Overview 
 

Stephenson Lagoon, like Winston Lagoon, Compton Lagoon, and Brown Lagoon, was formed by the 

melting of its namesake glacier. It took most of 50 years to accomplish this. As the glaciers retreated, they left 

piles of till that formed a blockage that effectively enclosed the growing lagoons. Streams that formerly were 

carried completely to the ocean increasingly flowed into the lagoon, creating flow patterns and a lagoon of 

salinity intermediate between the fresh glacier water and the open seawater. Unfortunately, to date, there has 

been little investigation of the ecosystems supported by these high-gradient bodies of water.  

 
 

 
FIG. 21.1 The Stephenson Lagoon as seen in 2016 from outside the south entrance. Formerly a barrier closed 
this entrance and there was a similar barrier on the northeast corner of the lagoon, but by 2021 both of them 

have been largely destroyed by surf attack. The high cliffs in the left rear, partially visible, are above the 
Stephenson Glacier. 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.1 _CE_2016_RWS_IMG_5355_adj marked 2016.jpg
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FIG. 21.2 Disappearance of Stephenson Glacier and appearance of Stephenson Lagoon 200 7/2014 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.2 Stephenson Lagoon 2007 2014 Linked 2x.jpg
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FIG. 21.3 Floating ice in Stephenson Lagoon 2008. (Left) View of the brash ice in the northern branch of the 

lagoon. In the distance behind is the south branch. (Right) Detail, showing the ice chunks shed by the glacier. 
In both pictures, the glacier is seen upper right. 

 

  
FIG. 21.4 Two views of the ice in Stephenson Lagoon 2012. (Left) Icebergs are more sparse than in 2008. 

(Right) Only a few large icebergs are present. The glacier in the mid-distance is AU1141. 

 

  
FIG. 21.5 Small chunks of floating ice 2016. (Left) A small iceberg, about 1 m in length. (Right) A hand sample 

of the glacier ice. It is filled with bubbles, probably locked in when the ice was formed in the glacier. 
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South shore 
 

In the distance is a break, the south entrance into Stephenson Lagoon. Until about 2010, this was a barrier 

left by the terminal moraines of the glacier, impassable by boat, except under unusual conditions. After fierce 

surf attacks, the barrier has been reduced to mostly submerged rocks; with a favorable tide, it is barely 

passable in a small and strong boat.  

 

 

 
FIG. 21.6 Two views of the south shoreline of Stephenson Lagoon. (Upper) The south entrance. (Lower) 

Colonies of King Penguins and Elephant Seals on the south bar. Both pictures 2016. 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.6 Gavin_DSC_5663 proc marked 2016.jpg
file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.6 Gavin_DSC_5664 proc 1 marked 2016.jpg
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Once Stephenson Glacier started backing away from the ocean, it left a huge pile of till that formed a 

barrier, effectively blocking access to the sea. Two things then happened: the glacier continued melting, 

creating Stephenson Lagoon, and the surf began the inexorable process of destroying the barrier. All this 

happened in ten years.  

 

 
FIG. 21.7 Degradation of the south barrier of Stephenson Lagoon 2006/2011/2014/2016 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.7 Stephenson Lagoon south breakwater 2006 2011 2014 2016 Linked4x.jpg
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FIG. 21.8 and FIG. 21.9 show satellite images only five years of erosion of the inside of the south 

shoreline of Stephenson Lagoon. It is remarkable that so much erosion occurs inside the lagoon, presumably 

protected from high surf.  

 
 

 
FIG. 21.8 Change in the west side of the south shoreline of Stephenson Lagoon 2006/2011 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.8 Stepehenson Lagoon south shore 2007 2011 Linked2x crop.jpg
file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.8 Stephenson Lagtoon SW erosion.jpg
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FIG. 21.9 Sequential erosion of the shoreline on the inside of the south barrier 2006/2011/2014/2016. (Upper) 

Location. (Lower) Detail. The individual shorelines are shown in FIG. 21.10. 

 
 

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.9 2006-2016 Stephenson Lagoon SW corner detail marked 2014.jpg
file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.9 Stephenson Lagoon inside erosion 2006 2011 2014 2016 overlay.jpg


 

Chapter 21 STEPHENSON LAGOON ⃝ Page 480 

 
FIG. 21.10 Shorelines in four separate years. (Top) 29 Jan 2006. (Upper Middle) 23 Nov 2011. (Lower Middle) 

5 Feb 2014. (Bottom) 20 Feb 2016. 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.10 Stephenson Lagoon SW corner 2006 2011 2014 2016 Linked4x.jpg
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Northeast shore 
 

The northeast barrier is similar to the south barrier, but the former is wider: 1.25 km compared to 0.9 km. 

Both were constructed from terminal moraines of Stephenson Glacier, both were abandoned when the glacier 

retreated, and both were subsequently destroyed by the violent surf. Probably by 2050 all the major lagoons 

on Heard Island will be completely open to the sea.  

 

 

 
FIG. 21.11 Northeast shore Stephenson Lagoon. (Upper) The rocky shore has only a few penguins and seals. 
(Lower) The northern barrier. Until about 2010, this was impassable by boat. It is unknown whether in 2016 

there was enough water at high tide for a landing craft to pass. Both pictures 2016. 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.11 RWS_IMG_5794 marked 2016 proc.jpg
file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.11 Gavin_DSC_5525 crop proc.jpg
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FIG. 21.12 Degradation of the northeast barrier 2006/2011/2014/2016. The left column shows the overall 

barrier, while the right column shows details of the north corner. 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.12 Stephenson Lagoon north breakwater 2006 2011.jpg
file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.12 Stephenson Lagoon north breakwater 2014 2016 color.jpg
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Maps 
 

Other maps of this area are in the chapter on Stephenson Glacier.  

 

 
FIG. 21.13 Planimetric map of the coastline at Spit Bay, showing the outline of the Stephenson Lagoon 1999. 

The lagoon is very small on this map because the Stephenson Glacier has just begun to retreat. The retreat will 
enlarge the lagoon and eventually join it to the opening on the south side of the Spit. 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.13 stephenson lagoon 1999 working map mod.jpg
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FIG. 21.14 QGIS map. Key to colors: Light blue=Lagoons; Dark blue=tarns and other small water bodies; 

Brown=inland islands; Green=vegetation; Pink=snow. The data for this map was acquired in 2002. 

 

 
FIG. 21.15 Bathymetric chart of Stephenson Lagoon 2004 

  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.14 Clip_4 crop.jpg
file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.15 stephenson_lagoon bathymetry 2003-04 ASAC_2363 crop 1 proc marked 2004.jpg
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FIG. 21.16 A summary historical map of the Spit Bay/Stephenson Lagoon region. This diagram shows how the 
Stephenson Lagoon (blue) completely replaced the glacier and separated the island from “mainland” Heard 

Island. Compare FIGs. 16.14-15. 

 
Ken Green (In: Heard Island: Southern Ocean Sentinel, p. 178) described the mixing of seawater with the 

freshwater glacial runoff: 

 
At 22°C seawater collected off Spit Bay measured 26.7 parts per thousand of salt. 

Stephenson Lagoon was high at 17.9 parts per thousand, indicating a considerable mixing 
with the sea, especially when considering the amount of runoff from the glacier due to the 
thaw. Amphipods were seen in the lagoon. The tidal nature of Stephenson Lagoon might 
now lead to the more rapid retreat of Stephenson Glacier.  

 

Since this was written in 2003, Green’s prediction of more rapid retreat has certainly occurred.  
  

file:///L:/PICs_Chapter_21_Stephenson_Lagoon/FIG. 21.16 Map_Kiernan_McConnell_2000_overlay proc 2.jpg
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Chapter 22 Large lakes 
 

Overview 
 

While there are numerous small bodies of water on Heard Island, some permanent, some ephemeral, all of 

the big lagoons are on the extreme eastern side of the island. Of these, Stephenson Lagoon currently is the 

largest; it was treated in Chapter 21. In this chapter, we look at several other lagoons: Compton, Brown, 

Winston, Red Island, and Marion Tarn. The rest of the lakes are very small, and some are ephemeral, and 

these are sometimes referred to as tarns. These are described in Chapter 23 Small Lakes.  

 

FIG. 22.1 shows the inventory of the most significant bodies of water on Heard Island.  

 

 

 
 

FIG. 22.1 Lagoons and small lakes on Heard Island. Dovers Moraine is included in this plot because in the past 
there has sometimes been a small lake at that location (no lake in 2021).  

 
 

Four of the five large lakes communicate with the ocean across a barrier, which is the remnants of the 

terminal moraine. All the lakes were created in depressions that were created by glaciers that carved out deep 

valleys; melting of the glaciers filled the valleys with water, forming the lagoons. As shown in Chapter 36, 

the lakes are transient features: eventually the barriers will be destroyed by surf, converting the lagoons into 

bays.  The Marion Tarn is the single exception: it may well persist as a lake due to the absence of surf erosion. 
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Compton Lagoon 
 

Compton Lagoon sits on the northeastern coast, at 53°02’54”S, 73°37’38”E. Its area is about 1.9 km
2
. It is 

fed by runoff from two large glaciers comprising the Compton Glacier. Like the other large lagoons, it was 

created when the tidewater glacier melted.  

 

 
FIG. 22.2 Compton Lagoon 

 

 
FIG. 22.3 Bathymetric survey of Compton Lagoon in 2003. The topographical image around the lagoon is from 

Google Earth 2014. 
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Satellite images show that the water flowing into Compton Lagoon does not mix very readily. In Chapter 

19 we showed details of two streams [C1, C2] that flow into Compton Lagoon. FIG. 22.4 (below) shows the 

third stream [C3] flowing into Compton Lagoon. The images have been digitally processed. 

 

 
FIG. 22.4 Water flow in Compton Lagoon 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.4 Compton Lagoon 2003 2014 Linked2x.jpg
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FIG. 22.5 shows satellite images of the barrier at Compton Lagoon. These images have been rotated about 

15° counterclockwise. Note the significant growth of the left arm between 2006 and 2014. In the bottom 

frame, the arrows point to small rocks just outside the barrier. These rocks are only relatively small– they 

range from 5 m to 15 m across.  

 

 
FIG. 22.5 The barrier of Compton Lagoon 2003/2006/2014 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.5 Compton Lagoon breakwater 2003 2006 2011 Linked3x.jpg
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FIG. 22.6 Development of Compton Lagoon. 1980/1988/1993 

 

 
FIG. 22.7 Planimetric map of Compton Lagoon 2000 
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Brown Lagoon 
 

Brown Lagoon sits on the eastern coast, at 53°04’26”S, 73°40’00”E. It is roughly trapezoidal, about 2.2 

km on its barrier, 1.2 km on the glacier shore, and 2 km from the barrier to the glacial shore. It is fed by 

streams from Brown Glacier. Like the other large lagoons, it was created when the tidewater glacier melted.  

 

 
FIG. 22.8 Brown Lagoon 2014 

 

 
FIG. 22.9 Bathymetric survey of Brown Lagoon in 2003 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.8 Brown Lagoon Clip_3_exposure.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.9 Broawn Lagoon 2016_exposure bathymetry overlay marked 2003 proc.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.9 (inset) Brown Lagoon.jpg
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The retreat of Brown Glacier was about 190 m from 2006 to 2014, and zero from 2014 to 2016. Like 

Compton Lagoon, satellite images show that the stream water flowing into Brown Lagoon does not mix very 

readily. The images in FIG. 22.10 have been digitally processed to show the circulation of the water in the 

lagoon.  

 
FIG. 22.10 Water flow in Brown Lagoon 2006/2014/2016 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.10 Broawn Lagoon 2006 2014 2016 Linked3x.jpg
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Northern corner  Southern corner 

   
FIG. 22.11 Corners of the Brown Lagoon barrier. (Left) Northern corner 2006/2008/2014/2016. (Right) 

Southern corner 2006/2007/2011/2016. cf., Winston Lagoon barrier. 

 
 
  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.11 Brown Lagoon breakwater 2006 2008 2014 2016 Linked4x.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.11 Brown Lagoon breakwater south 2006 2007 2011 2016 Linked4x.jpg
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Winston Lagoon 
 

Winston Lagoon sits on the southeastern coast, at 53°09’S, 73°40’E. It is roughly rectangular, about 

600x700 m
2
. Like the other large lagoons, it was created when the Winston Glacier melted (and retreated).  

 

 
FIG. 22.12 Winston Lagoon, with Big Ben in the distance 

 

 
FIG. 22.13 Terminus of Winston Glacier into Winston Lagoon 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.12 Winston_1 marked 2014.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.13 Winston lagoon glacier inlet proc marked 2014 proc 2.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.12 (inset) Winston Lagoon.jpg
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FIG. 22.14 Aerial photographs of Winston Lagoon (Upper left/right) 1997/2003. (Lower left/right) 2006/2008. 

The arrows in the 2008 image point to small (5-15 m) offshore rocks. 

 

 
FIG. 22.15 Low-altitude helicopter photograph of the Winston Lagoon barrier 2008 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.14 Winston Lagoon 1997 marked 1997.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.14 Trebilco 2003 HI south_barrier_view proc marked 2003.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.14 Brown Lagoon J Shaw photo proc proc marked 2006 w1024.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.14 Andy Cianchi  Winston Lagoon 08 059 proc proc arrows crop marked 2008 proc.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.15 Andy Cianchi  Winston Lagoon 08 105 proc crop crop marked 2008.jpg
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FIG. 22.16 The Winston Lagoon barrier 1987/2006/2007/2014/2016. Note that there is a break in the barrier 

every year except 2014. Compare with the Brown Lagoon barrier. 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.16 Winston seawall 2006-2016 extended linked.jpg
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FIG. 22.17 Map of the growth of Winston Lagoon 1947-1963. 

 
 

 
FIG. 22.18 Bathymetric surveys of Winston Lagoon 1987/2003.  

 
  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.17 1963 Winston Glacier.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.18 1987 Expeditioin Winston Lagoon bathymetry marked 1987.jpg
file:///L:/PICs_Chapter_22_Large_lakes/fig. 22.18 winston_lagoon bathymetry 2003-04 ASAC_2363 1 neg crop trim.JPG
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Marion Tarn 
 

Regardless of the linguistic options, it is agreed that the body of water just to the west of Stephenson 

Lagoon is a tarn. In 2018 it was given a name: Marion Tarn, in honor of the vessel that, in 1882, rescued 

shipwrecked sealers who had been stranded for a year on Heard Island. 

 

 
FIG. 22.19 Marion Tarn, just west of Stephenson Lagoon 2014. It is a persistent feature of the southwest flank 

of Big Ben. 

 
Marion Tarn is 1 km long and about 0.3 km wide at its center. Its eastern shore is a shallow terminal 

moraine, while on the west is the terminus of Glacier AU1141 which keeps the lake full of meltwater. In 

addition to the meltwater, two streams from AU1141 carry a significant amount of sediment that builds out 

into the tarn. As a consequence, the tarn water is a muddy brown, in contrast to Stephenson Lagoon, which is 

kept clean and blue-green by tidal flow through the northeast and south barriers (which have been thoroughly 

breached).  

Chapter 19 has numerous detailed images of Marion Tarn and the streams. 

  

file:///F:/_BOOK_Heard_Island/____HD_BOOK_draft/___files/T_VOLUME_1_C01-C06_TWO_CENTURIES_OF_CHANGE.docx%23Rescue_of_the_Trinity_1882
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.19 Big Ben from SW proc ellipse marked 2014.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.19 Marion Tarn.jpg
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FIG. 22.20 Marion Tarn as seen in 2003 looking north from 53°8'16.16"S, 73°40'54.39"E, a point about 1.36 km 

from the center of the tarn, at an altitude of about 150 m.  

 

 
FIG. 22.21 Marion Tarn as seen in 2016 looking south from the northernmost point of the tarn, at 

53°07’25.81”S, 73°40’13.34”E. It is noteworthy that there is almost no vegetation on the moraine bordering 
the eastern shore of the tarn (the left side in this picture). 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.20 image8 proc KAte Kiefer 2003.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.21 Gavin_DSC_5368_ad proc proc proc crop marked 2016.jpg
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Red Island Lake 
 

On the extreme northernmost tip of Laurens Peninsula is a narrow (275 m) isthmus leading to the remnant 

of a small volcanic cone historically called “Red Island.” On this isthmus was a small lagoon, measuring 655 

m north to south. FIG. 22.22 shows satellite images of this lagoon in 2006.  

 

 

 
FIG. 22.22 Images of the Red Island Lagoon. (Upper) 2006 Tip of the Laurens Peninsula, showing the volcanic 
cone called (incorrectly) “Red Island.”  The insert (blue color added) is from the 1951 bird map (Ch. 26).  Note 

that the outline of the lake is opposite in 1951 amd 2006. (Lower) 2014  An enhanced image of the lake. 

 
  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.22 Red Island marked 2006.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.22 Red Island GPS proc crop 72dpi proc marked 2014.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.22 Red Island Lake from 1951 bird msp marked 1951 proc.jpg
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FIG. 22.23 shows two satellite images of the lagoon, taken on 6 Feb 2014 and 21 Feb 2016. Sometime in 

2014-2016 the barriers on both sides of the lake were breached, providing free flow of oceanic water, 

dominantly pushed by westerly winds. Whatever the biological community was in the lake before, the 

flooding converted it to seawater. It also made Red Island a literal island. 

 

 

   
FIG. 22.23 Satellite images of the Red Island Lagoon. (Upper) 2014. The locations of weak points in the barriers 

(arrows), which ultimately were the sites of breaks. (Lower) 2016 (after the breaks had occurred). 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.23 RED ISLAND CHANNELS 06 FEBRUARY 2014 proc crop 72dpi marked 206 Feb 2014 arrows.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.23 RED ISLAND CHANNELS 21 FEBRUARY 2016 proc crop 72dpi marked 21 Feb 2016.jpg
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During the author’s 2016 Cordell Expedition, two members of the team (Fred Belton and Gavin Marshall) 

entered the lake through the eastern barrier break and spent three days documenting the nearby area of the 

Laurens Peninsula. The break was about 3 m wide (at its max) and perhaps 2-3 m deep. FIG. 22.24 shows 

photographs obtained by the Cordell team in April 2016. 

 

 

  
FIG. 22.24 Red Island and the lagoon on the peninsula. (Upper) Views of the Red Island area from the bluff 

above Sydney Cove. (Lower left) Detail showing the western break. (Lower right) Detail showing the eastern 
break. 

  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.24 Gavin_Laurens_018_DSC_4315 2000 proc 2 marked 2016.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.24 Fred_100_DSC_0325 3000 proc proc.jpg
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.24 Channel_detail.jpg
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FIG. 22.25 Photograph of Red Island lagoon from elevation 2016 

 
The images above beg the question: When and how did the breaks occur? 

We have an additional image (partially obscured by clouds) showing that the breaks had not yet occurred 

by 7 Feb 2015. Another image (also partially obscured by clouds) shows that the breaks occurred before 7 Jan 

2016. Thus, the breaks happened during the calendar year 2015.  

We have some information from the website www.surfline.com from 2015: 

 
The Australia Bureau of Meteorology’s surface analysis of the Southern Ocean at 00UTC 

on June 22
nd

 indicated deep low pressure of 922 mbar roughly halfway between South Africa 
and West Australia, with high pressure of 1032 mbar on the low’s northwest flank. 

The incredible 108 mbar pressure difference between the adjacent high and low is 
driving an exceptionally large fetch of satellite-confirmed 35-60 kt. wind that currently 
encompasses the majority of the south Indian Ocean. 

We have seen multiple satellite images confirming seas of 50 feet, with one pass 
indicating seas of just a hair under 60 feet. Satellite-confirmed seas of 60 feet have 
happened only a handful of times around the globe in the last decade. 

 
The chart included with the article showing significant wave heights is reproduced in black-and-white in 

FIG. 22.26.  

These references and images seem to indicate that in mid-June 2015 a large storm raised a huge surf that 

impacted the western (windward) side of the Red Island isthmus, breaking it open in a matter of days, or less. 

The consequent tsunami and flood in the lake then punched a relatively narrow opening in the eastern barrier. 

Indeed, FIG. 22.23 (Upper) shows a weak place on the western barrier and one on the eastern barrier, in just 

the locations that the breaks were made.  

Both newly created channels will inevitably expand, further eroding the shoreline on both sides and further 

isolating Red Island. Images of the possible evolution of the lake in the future are presented in Chapter 36. 

  

http://www.surfline.com/
file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.25 Fred_IMG_0393 Red Island from Mt Dixon slopes_crop_proc_crop.jpg
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FIG. 22.26 shows a typical wave-height chart of the Southern Ocean in June 2015. It seems likely that 

such a storm was the cause of the opening of the Red Island barriers, and not unlikely that it was actually the 

storm of June, 2015. 

 

 
FIG. 22.26 Significant wave heights in the Southern Ocean June, 2015 

 
  

file:///L:/PICs_Chapter_22_Large_lakes/FIG. 22.26 June 2015 Indian Ocean storm crop marked HI BW yellow.jpg
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Chapter 23 Small lakes 
 

Overview 
 

A lagoon is a shallow body of water separated from a larger body of water by reefs, barrier islands, or 

a barrier peninsula. On Heard Island, there are many small bodies of water that do not fit this definition. 

Generally, these are much smaller than the major lagoons, and they range down to mere puddles. Many of 

these are transient, appearing in wet seasons and eventually disappearing. One kind of lake is the “tarn,” 

which is “a small mountain lake, especially one formed by glaciers.” This description applies to some of the 

small lakes on Heard Island. One, in particular, is large enough and stable enough to have its own name: 

Marion Tarn (described in detail elsewhere in this book). But many of the small lakes on Heard Island are in 

relatively flat areas, hence are not strictly tarns. In this chapter we describe various small lakes and one small 

lagoon.  

 

Dovers Moraine 
 

The retreat of Stephenson Glacier left numerous lakes on the newly exposed land. Eventually, some of 

these were drowned by the growing Stephenson Lagoon, but a few persist on Dovers Moraine, and some of 

these are quite stable. Some are not single lakes but clusters of a few separate lakes. FIGs. 23.1-23.5 show 

images of four of them, for the years 2006, 2011, 2014, and 2016.  

 

 
FIG. 23.1 Lakes on Dovers Moraine 2014. Detail images of the four marked areas are shown in FIGs. 23.2-23.5. 

Areas 1,2 and 3 are small lakes, while 4 is a small lagoon. 

  

https://en.wikipedia.org/wiki/Reef
https://en.wikipedia.org/wiki/Barrier_island
https://en.wikipedia.org/wiki/Barrier_peninsula
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.1 Dovers Moraine 2011 marked 4 sites.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.1 (inset) Dovers Moraine.jpg


 

Chapter 23 SMALL LAKES ⃝ Page 508 

 
FIG. 23.2 Dovers Moraine. Small lakes in [Area 1]. 2006/2011/2014/2016. 

 

 
FIG. 23.3 Dovers Moraine. Small lakes in [Area 2]. 2006/2011/2014/2016. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.2 Dovers Moraine Lakes 2006-2016 site 1 linked-4.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.3 Dovers Moraine Lakes 2006-2016 site 2 linked-4.jpg
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FIG. 23.4 Dovers Moraine. Small lakes in [Area 3]. 2006/2011/2014/2016. 

 

 
FIG. 23.5 Dovers Moraine. Small lagoon in [Area 4]. 2006/2011/2014/2016. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.4 Dovers Moraine Lakes dated2006-2016 site 3 linked-4x.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.5 Dovers Moraine Lakes 2006-2016 site 4 linked-4.jpg
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Spit Bay 
 

A wider view of Spit Bay, including Dovers Moraine, shows that historically there have been numerous 

small lakes, particularly as Stephenson Glacier retreated and exposed sedimented areas. These areas were 

since largely covered by Stephenson Lagoon.  

 

 
FIG. 23.6 Spit Bay area. Scholes Lagoon and ponds on Dovers Moraine. (Upper) 1964. (Lower) 1985. We count 

3 lakes in 1964 and 25 lakes in 1985. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.6 AAD Map HI 1964 1985 linked.jpg
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Stephenson Lagoon north  
 

 

   
FIG. 23.7 Ponds on the north shore of Stephenson Lagoon. (Above) 2014. (Below) 2006/2011/2014/2016. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.7 Stephenson Lagoon Northen moraine sites proc nonum marked 2014.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.7 Stephenson Lagoon North Shore 2006 2011 2014 2016 Linked4x.jpg
file:///F:/_BOOK_Heard_Island/_____HD_BOOK_final/HD_BOOK_final_PICS/C23_Small lakes/C23_FULLSIZE/FIG. 23.7 Stephenson Lagoon north shore.jpg
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Winston Lagoon east  
 

 

 
FIG. 23.8 Small lake, properly called a tarn, on the east slope of Winston Lagoon. (Above) 2014 (Below) 

2014/2016. Detail images are at right. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.8 Tarns Winston Stephenson marked.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.8 Winston Lagoon east slope 2014 2016 Linked2x.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.8 (inset) Winston Lagoon east shore pond.jpg
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Winston Lagoon southeast 
 

 

 
FIG. 23.9 Small lake at the corner of Winston Lagoon. (Above) 2014. (Below) 2006/2011/2014/2016. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.9 Winson Lagoon 2014 circled.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.9 Winston Lagoon pond 2006 2011 2014 2016 Linked4x.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.9 (inset) Winston Lagoon east shore pond.jpg
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Long Beach (Manning Lagoon) 
 

 

 
FIG. 23.10 Manning Lagoon at Long Beach. (Above) 2014. (Below) 2009/2014. Detail images are at right. This 

lake is properly called a lagoon because of its proximity to seawater and isolation by a barrier. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.10 Long Beach 2014 circled.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.10 Long Beach 2009 2014 Linked-2x.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.10 (inset) Manning Lagoon.jpg


 

Chapter 23 SMALL LAKES ⃝ Page 515 

 

Paddick Valley east 
 

 

 
FIG. 23.11 Lake on the east edge of Paddick Valley. (Above) 2014. (Below) 2006/2011/2014/2016. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.11 Paddick Valley ellipse.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.11 Paddick Valley 2006 2011 2014 2016 Linked4x.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.11 (inset) Paddick Valley pond.jpg
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Ephemeral lakes 
 

At the foot of Fiftyone Glacier, a few irregular lakes were present around 2000. By 2014 they had 

disappeared, leaving subsurface streams exiting the terminus of the glacier. Note the blue/white ice slumps in 

the 2014 image. 

 

 
FIG. 23.12 Small proglacial lakes at the edge of Fiftyone Glacier2007/2009/2014. Small patches of ice/snow 

remain in parts of former lakes. Note the blue ice slumps (“blue gashes”) in the 2014 image. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.12 Fiftyone Glacier 2007 2009 2014 Linked3x.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.12 (inset) Lavett Bluff.jpg
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FIG. 23.13 Small epheremal lakes on Mt. Drygalski 2016. 

 

   

  
FIG. 23.14 Small ephemeral lakes on Laurens Peninsula. All pictures 2016. 

  

file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.13 Gavin_DSC_3994 proc.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.13 Gavin_DSC_3998 proc 1.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.14 image45 vert stretched.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.14 image46 vert stretched.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.14 Gavin_DSC_2791 proc crop.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.14 image47.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.14 (inset) Mt. Olsen.jpg
file:///L:/PICs_Chapter_23_Small_lakes/FIG. 23.13 (inset) Mt. Drygalski.jpg
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PART 4 ECOSYSTEM 
 

 
 

The Heard Island ecosystem: rocks, soil, glaciers, water, plants, animals, atmosphere, ocean, sky 
 
  

file:///L:/PICs_B_Frontispieces/FIG. B.4 Volume_4_Ecosystem.jpg


 

 

 
This volume is devoted to describing the Ecosystem at Heard Island. A cogent description of an ecosystem 

is provided by Wikipedia [edited slightly]: 

 

An ecosystem is a community of living organisms in conjunction with the 

nonliving components of their environment, interacting as a system. These biotic 

and abiotic components are linked together through nutrient cycles and energy 

flows. Energy enters the system through photosynthesis and is incorporated into 

plant tissue. By feeding on plants and on one another, animals play an important 

role in the movement of matter and energy through the system. They also 

influence the quantity of plant and microbial biomass present. By breaking down 

dead organic matter, decomposers release carbon back to the atmosphere and 

facilitate nutrient cycling by converting nutrients stored in dead biomass back to 

a form that can be readily used by plants and other microbes.  

Ecosystems are controlled by external and internal factors. External factors 

such as climate, parent material which forms the soil and topography, control the 

overall structure of an ecosystem but are not themselves influenced by the 

ecosystem. Unlike external factors, internal factors are controlled, for example, 

decomposition, root competition, shading, disturbance, succession, and the types 

of species present.  

Ecosystems are dynamic entities—they are subject to periodic disturbances 

and are in the process of recovering from some past disturbance. Ecosystems in 

similar environments that are in different parts of the world can end up doing 

things very differently simply because they have different pools of species 

present. Internal factors not only control ecosystem processes but are also 

controlled by them and are often subject to feedback loops. 

 
This description provides a good framework for modeling the ecosystem on Heard Island. The procedure is 

implemented by substituting for “components” the list of the specific “things” we find on the island: glaciers, 

lakes, streams, plants, animals, etc.  

This VOLUME presents descriptions of the plants and animals on Heard Island (PART 9) and major 

components of the physical environment (PART 10).  

 
 

PART 9 BIOTA 
Chapter 24. Plants 

Chapter 25. Invertebrates 

Chapter 26. Birds 

Chapter 27. Mammals 

PART 10 ENVIRONMENT 
Chapter 28. Ocean 

Chapter 29. Atmosphere 

Chapter 30. Sky 
 
 
 
 

Facing picture: Dave Lloyd, Heard Island, 2016. Layout Robert Schmieder. 
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SECTION 9 BIOTA 
 

Chapter 24 Plants 
 

Overview 
 

The plants of Heard Island are almost uniformly (but not continuously) distributed around the shore. As 

shown in FIG. 24.1, plants occupy approximately one-third of the total length of the shoreline. It is clear that 

the large lakes are on the east side, due primarily to the melting of major glaciers there. The greatest density 

of plants is also on the east side, possibly due to the availability of relatively flat, relatively favorable soil.  

 
FIG. 24.1 Vegetation and lakes. Key: green=vegetation; blue=lakes. The asterisk marks the approximate 

location at which the single specimen of Leptinella sp., was discovered. 

 
Wikipedia provides a summary of the categories of vegetation on Heard Island: 

 
Name Description 

Subantarctic  Small types of shrubbery, including mosses and liverworts. 

Open cushionfield Most abundant vegetation on Heard Island. Azorella selago cushions with bryophytes 

Fellfield  Abundant bare ground 

Mossy fellfield High species richness. Bryophytes and small Azorella selago cushions 

Wet mixed herbfield 
Highest species richness. Poa cookii, Azorella selago, Pringlea antiscorbutica, Acaena 
magellanica, Deschampsia antarctica 

Coastal biotic Dominated by Poa cookii and Azorella selago 

Saltspray vegetation Salt-tolerant moss Muelleriella crassifolia 

Closed cushionfield Moraines and sand, below 60 m. Dominated by Azorella selago cushions 

 

 

  

https://en.wikipedia.org/wiki/Cushion_plant
https://en.wikipedia.org/wiki/Azorella_selago
https://en.wikipedia.org/wiki/Fellfield
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https://en.wikipedia.org/wiki/Muelleriella_crassifolia
https://en.wikipedia.org/wiki/Cushion_plant
file:///L:/PICs_Chapter_24_Plants/FIG. 24.1 Vegetation crop marked with Leptinella.jpg


 

Chapter 24 PLANTS ⃝ Page 522 

Representative species 
 

Kerguelen cabbage Pringlea antiscorbutica 

 

  

 
FIG. 24.2 Kerguelen cabbage, Pringlea antiscorbutica. (Upper left) Young plant growing on a single stalk 2008. 

(Upper right) Specimen at Atlas Cove 2016. (Lower) Specimen on Laurens Peninsula. 2016. 

  

file:///L:/PICs_Chapter_24_Plants/FIG. 24.2 Andy Cianchi  Red Island 08 771 crop proc marked 2008.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.2 Andy Cianchi 08 Joel 059Atlas Cove_©RMundy_16Dec2008 crop proc marked 2016.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.2 _CE_2016_Gavin_05_025_Day_trip_2_DSC_2724_1 marked 2016.jpg
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FIG. 24.3 Flowering planys. (Upper) 1997. (Lower) 2008. 

 

 

 

FIG. 24.4 (Left) The mature Pringlea plant, in full fruiting 2016. (Right) The acari fruit of Cental and South 
America, which has a remarkable similarity to the Pringlea fruit. 

  

file:///L:/PICs_Chapter_24_Plants/FIG. 24.3 HI 1997 from Wes W3WL scanned slide 26.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.3 Heard1KMS260308 240.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.4 Hans_DSCF2379 crop crop marked 2016.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.4 Acuri plants mod.jpg
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Cushion plant Azorella selago  

 

 

 

 
FIG. 24.5 The cushion plant Azorella selago 2016 

   

file:///L:/PICs_Chapter_24_Plants/FIG. 24.5 Fred_100_DSC_0045 proc marked 2016.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.5 Fred_DSC_0886 crop.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.5 Fred_100_DSC_0418 crop.jpg
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Kirsti Smith, who had been on Heard Island in 1983, put it this way in her book Heard Island Odyssey: 

 
The view was magnificent, stark and beautiful. Ice-capped mountain peaks contrast 

sharply with the black volcanic soil, and here and there Azorella clad hillsides add a touch of 
moss green. … Azorella grows in big clumps, mosslike in appearance, but with a dry hard 
surface. To sit down on an Azorella clump is like sitting down on a spring cushion, firm on 
top, but with a comfortable “give” underneath. The surface feels quite dry, even in the rain. 

 

 

  

  
FIG. 24.6 The cushion plant Azorella selago 2016. (Upper) Individual plants on a sand plain. (Lower) Typical 

Azorella fields. 
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Bluegrass Poa annua 

 
Heard Island aficionados are proud to claim that there are no human-introduced species on the island. 

There is, however, at least one likely alien: Poa annua, known also as annual bluegrass, annual meadow 

grass, turfgrass, and “weed”. It grows on waste ground and is widespread on Kerguelen Island. It is now 

found on Heard Island. Whether it was introduced by humans is not clear.  

 
FIG. 24.7 Poa annua. The clump of grass adjoins a large cap of the cushion plant (Azorella selago), in turn 

surmounted by clumps of Kerguelen Cabbage (Pringlea antiscorbutica). 

 
When it was discovered, a plausible explanation was that it was carried on the boots of visitors, but 

apparently there is no clear evidence for or against that. The AAD describes the presumed origin of Poa 

annua on Heard Island [Wikipedia]: 

 
Presently, there is one plant species on Heard Island considered to be an 'alien' (non-

native): Poa annua, a cosmopolitan grass native to Europe. The grass was initially recorded 
in 1987 in two recently deglaciated areas of Heard Island not previously exposed to human 
visitation, while at the same time being absent from known sites of past human habitation. 
Consequently, it is thought to have been naturally introduced, possibly from the Îles 
Kerguelen where it is widespread. The populations of Poa annua have increased markedly in 
density and abundance within the original areas [mostly in the Paddick Valley] and have 
expanded into new areas.  

 
Regardless of the origin of Poa on Heard Island, it represents a threat not only from itself but by 

implication from other species that might be carried by visitors. The very strict policy of the AAD in 

requiring decontamination procedures for visitors seems well-motivated, and apparently has been effective for 

the last 25 years. 
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J. J. Scott and J. B. Kirkpatrick (2005) described changes in Poa annua during 1987-2000: 

 
Poa annua, the only alien plant species recorded on subantarctic Heard Island, 

considerably expanded its range and abundance along three transects in tundra-like 
vegetation on the island in the period 1987–2000. This expansion was strongly associated 
with increased seal disturbance, which also favored Callitriche antarctica and 
damaged Pringlea antiscorbutica, leading to a decrease in mean vegetation height. 
Expansions of Azorella selago and Poa cookii were independent of the expansion of P. 
annua, relating to colonization of moraines. There was no evidence of displacement of other 
taxa by Poa annua in areas undisturbed by seals. 

 
FIG. 24.8 shows a map of the areas around Winston Lagoon and Stephenson Lagoon, during the period of 

the study.  

 

 

 
FIG. 24.8 Locations of transects and changes in Poa annua distribution 1987–2000. These maps show clearly 

the extensive increase in the distributioin of Poa annua. (Left) Edge of Winston Lagoon. (Right) Edge of 
Stephenson Lagoon. Note that north is to the right in this map.  
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Other common plants 

 

 

  

  
FIG. 24.9 Several plants seen on Heard Island. (Top) The Antarctic hair grass Deschampsia antarctica.  (Middle)  

Poa kerguelensis. (Bottom left) Unidentified. (Bottom right) Unidentified. (see M. Mairal). All photos 2016. 

  

file:///L:/PICs_Chapter_24_Plants/FIG. 24.9 RWS_IMG_4176_proc.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.9 _CE_2016_Fred_100_DSC_0519 crop.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.9 RWS_IMG_5815.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.9 Fred_017_DSC_0073_crop_proc.jpg
file:///L:/PICs_Chapter_24_Plants/FIG. 24.9 Vadym_017_IMG_2983_proc.jpg
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FIG. 24.10 shows a small slope area (ca. 2 m across) with multiple species of plants crowded together. 

This exposure was photographed on the Laurens Peninsula. The surrounding area was verdant, although with 

relatively small, low-lying plants. Despite being exposed to west winds and storms, it was not a feldmark.  

 

 
FIG. 24.10 A Heard Island slope showing at least five different plants 
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Mycorrhiza (green plant+fungi) 
 

A mycorrhiza is a mutual symbiotic association between a fungus and a plant. In a mycorrhizal 

association, the fungus colonizes the host plant's root tissues, either intracellularly as in arbuscular 

mycorrhizal fungi, or extracellularly as in ectomycorrhizal fungi. Mycorrhizal fungal filaments in the soil are 

truly extensions of root systems and are more effective in nutrient and water absorption than the roots 

themselves. Mycorrhizae play important roles in plant nutrition, soil biology, and soil chemistry; some may 

have a parasitic association with host plants. Mycorrhizal roots take up nutrients more efficiently than 

uninfected roots, while the fungi obtain carbohydrates and possibly B-group vitamins from the plant. 

Approximately 95 percent of plant species on the planet form a symbiotic relationship with the beneficial 

mycorrhizal fungi. (from Wikipedia). 

In 2000, Dana Bergstrom conducted a mycorrhizal survey of Heard Island. Roots of nine vascular plant 

species were collected and examined for mycorrhizae. Plant samples were collected in nine sites from the 

eastern side of the island: 

 
Most of these species showed associations with vesicular-arbuscular mycorrhizae or 

dark septate mycorrhizae. The degree of root infection varied considerably within the sites, 
appearing to have an inverse relationship with the availability of nutrients in the soil. As 
mycorrhizae are known to play an important role in the nutrient uptake by host plants, the 
results suggest that mycorrhizae influence the capacities of plants to colonize in cold and 
low-nutrient environments such as subantarctic glacier forelands. 

 
In sampling the plant communities for mycorrhiza, Bergstrom examined nine communities: Sites 1-7 and 9 

are in the vicinity of the north barrier of the Stephenson Lagoon, shown in FIG. 24.11. Site 8 is outside the 

picture to the southeast, near Winston Lagoon. Details of these sites are given in Table 24.1.  

 

 
FIG. 24.11 Locations of plant communities examined by Dana Bergstrom in 2000. Details in Table 24.1.  
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Table 24.1 Plant communities examined by Dana Bergstrom in 2000 

Site # Location Elevation Reference Description 

1 
53°6'47.5”S, 

S73°42'55.5”E 
100 m Unstable 

Sheltered east side of a moraine, just under a crest. 
Vegetation dominated by Pringlea antiscorbutica with 
low cover less than 20% and sparse individuals of Poa 
kerguelensis, Colobanthus kerguelensis, and small 
cushions of Azorella selago. The total vegetation cover 
did not exceed 40%. The mineral soil was coarse. 

2 
53°6'45.6”S, 
73°43'07.6”E 

43 m 
Open cushion 

carpet 

Gentle slope 3 at the Bottom of a morainic slope, 
oriented east, with low vegetation cover less than 40% 
dominated by Azorella selago cushions. Poa 
kerguelensis, Colobanthus kerguelensis and bryophytes 
were also present. The soil was mineral. Presence of 
some burrows of petrels. 

3 
53°6'43.6”S, 
73°43'13.1”E 

29 m 
Closed 

cushion 
carpet 

Flat area covered with large cushions of Azorella selago 
which were coalesced into extensive carpets. 
Bryophytes were locally developed at the Bottom of 
cushions. Soil was mineral between the cushion, but 
peat accumulated under the vegetation. Few burrows of 
petrels were present. 

4 
53°6'32.3”S, 
73°43'13.4”E 

23 m 
Pringlea 
herbfield 

slope 

Morainic slope 20 oriented east, with a pure stand of 
Kerguelen cabbage, Pringlea antiscorbutica greater than 
80 % cover. Soil was organic and deep greater than 50 
cm. 

5 
53°6'39.3S, 
73°43'22.8E 

19 m 
Wet biotic 
vegetation 

Flat area occupied by several ponds 1-5 m in area. The 
plant community showed the highest species richness, 
including Acaena magellanica, Poa cookii, Deschampsia 
antarctica, Callitriche antarctica, Azorella selago, 
Colobanthus kerguelensis, and numerous bryophytes. 
Soil was peaty in concave areas and more mineral 
elsewhere. This site was occasionally visited by fur seals 
or King Penguins during the molt. 

6 
53°6'34.2”S, 
73°43'25.7”E 

15 m 
Maritime 

biotic 
vegetation 

Coastal area characterised by tussocks of Poa cookii and 
Azorella selago cushions forming a chaotic microrelief. 
Callitriche antarctica grew at the Bottom of tussocks. 
Soil was mainly sandy. 

7 
53°5'54.8”S, 
73°41'40.2”E 

4 m 
Stephenson 

glacier 
forelands 

Flat area near the proglacial lake. Poa annua grew 
either in close communities where it was dominant 
other species being Poa kerguelensis, Deschampsia 
antarctica, Azorella selago, Callitriche antarctica and 
Pringlea antiscorbutica, or in open communities where 
it grew as sparse individuals. Soil was mineral and, in 
some places, very rich in fine particles thixotropy 
[becoming less viscous when subjected to an applied 
stress]. 

8 
53°9'20.6”S, 
73°38'30.8”E 

8 m 
Winston 
glacier 

forelands 

Mossy seepage areas near snout of the Winston Glacier. 
P. annua grew in a stream line on a very young morainic 
deposit, with Acaena magellanica, Montia fontana, and 
liverworts. 

9 
53°5'18.8”S, 
73°40'38.9”E 

5 m Skua Beach 

On moraine outwash plain approximately 200 m inland, 
at seaward edge of extensive area of moss flushes with 
Poa annua, Pringlea antiscorbutica, Deschampsia 
antarctica, Montia fontana, Acaena magellanica 
growing along braided streams aided streams and 
coalescing to form large expanses of wet vegetation. 
This area was under ice in 1947. 

 

*MASL=meters above sea level 
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Lichens (algae + fungi) 

 
Lichens are a composite organism that arises from algae or cyanobacteria living among filaments of 

multiple fungi species in a mutualistic relationship. They were very prominent on rocks in open areas on 

Heard Island. 

 

 

 

  
FIG. 24.12 Lichens. (Top) Caloplaca sublobulata(?) (Nyl.) Zahlbr 2012. (Middle) Caloplaca sp. 2016. (Bottom) 

Unidentified. All photos 2016. 
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A previously undocumented plant 

 
In 2004 a single small plant not yet recorded on Heard Island was observed. FIG. 24.13 is a photograph of 

the plant “in situ between small boulder and Azorella selago cushion.” The observation was described by 

Turner, et al. (2005), who identified the plant as Leptinella plumosa. 

 

  
FIG. 24.13 Leptinella plumosa on Heard Island, as described by Turner, et al. (2005). (Upper) Photo of the 
specimen. (Lower) Vegetation and stream courses at Paddick Valley in 1987 and 2003 in the environment 

surrounding the L. plumosa specimen. The dot marks the approximate location of the specimen. 
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Spatial distributions 

 
Another list of plant communities is: 

 
 Closed cushion carpet vegetation 
 Coastal biotic vegetation 
 Mossy feldmark vegetation 
 Open cushion carpet vegetation 
 Pool complex 
 Salt spray vegetation 
 Wet mixed herbfield vegetation 

 
Of these, the pool complex is the one most familiar to visitors to Heard Island. The reason is that it is 

immediately adjacent to the ANARE station (and various research campsites) at Atlas Cove, hence is most 

often seen by visitors. FIG. 24.14 is a map of this area. FIG. 24.15 - FIG. 24.17 show images of the Atlas 

Cove pool complex, with four areas highlighted.  

 

 
FIG. 24.14 Map of the area around the ANARE station, showing the extent of pool complex 1985. 
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FIG. 24.15 (Upper) The pool complex near the ANARE station. (Lower) Details. 
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FIG. 24.16 Aerial photographs of the ANARE station 1986. (A) Area 4 looking southeast. (B,C) Details of Area 4, 

looking south. All three photographs were taken independently from three different locations; that is, (B,C) 
are not crop/enlargements of (A). 
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FIG. 24.17 shows additional examples of the pool complex.  

 

  

 

  
FIG. 24.17 Examples of pool complex on Heard Island. (Top) 1986-87/1997. (Middle) 2012. (Bottom) 

2008/2016. 
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Scaling 
 

In physics, mathematics, and statistics, scale invariance is a feature of objects or laws that do not change 

when scales of length, energy, or other variables, are multiplied by a common factor. Such quantities 

represent a form of universality. A self-similar object is exactly or approximately similar to a part of itself 

(i.e., the whole has the same shape or pattern as one or more of the parts). Satellite images of vegetated areas 

on Heard Island seem to indicate some level of self-similarity. FIG. 24.18 shows a nested set of images of 

Dovers Moraine, at Spit Bay. The self-similarity is not perfect, but it is suggestive.  
 

 

  

 
FIG. 24.18 Dovers Moraine 2016. Nested detail images. 
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Stability 

 
Another aspect of vegetated areas is the stability of the plant community over time, say over 10 years. 

Looking again at Dovers Moraine (FIG. 24.19), we have selected one area and generated details for 2006, 

2011, 2014, and 2016. It is very clear that the plant community is extremely stable– it is difficult to discern 

differences even over a decade.  

 

 

 
FIG. 24.19 Changes of a selected area on Dovers Moraine. (Top) The highlighted area is about 330m x 220m. 
(Lower rows) Images taken in 2006/2011/2014,/2016. The changes over the years are exceedingly small (but 

not zero). The square areas marked for 2006 and 2016 are detailed in FIG. 24.20. 
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Network geometry 

 
To enhance the differences that might exist in the plant community, we have used digital processing to 

convert details from the 2006 and 2016 images in FIG. 24.19 to contour plots. A second step was to convert 

these contour plots to contrast-enhanced black-and-white images (FIG. 24.20). While the resulting images of 

2006 and 2016 are extremely similar, they do have readily perceived differences. We have attempted to 

combine the 2006 and 2016 images in various ways (e.g., differencing), to bring out changes, but this process 

was not very successful. Perhaps numerical image analysis plus selected filtering could be used to generate 

images that reveal changes.  

 

 
FIG. 24.20 Details of the square areas on Dovers Moraine (FIG. 24.19). 2006/2016. All four images show the 

same 80 m square area. (Left column) Contour plots. (Right column) Contrast-enhanced images. 
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Changes in the plant communities 
 

Jennifer Scott and Dana Bergstrom have comprehensively described the vegetation on Heard and the 

McDonald Islands (in Green and Woehler, p. 69). Generally, there is an emphasis on the introduction of alien 

species by various vectors: rafting, birds, wind, and humans. But there is another source of modification: 

landscaping. As the ANARE station was developed over 6+ years, the area on Atlas Cove was cleared of 

vegetation, rocks, and to some extent, animals. A single line in the 1985 expedition report confirmed the 

result of this process:  

 
A salutary and most relevant lesson can be learned from the original clearing by 

bulldozer: the area has never recovered, despite essentially 30 years of little or no human 
occupation, to anything resembling the original highly developed tussock surface cover. 

– –Burton and Williams,  1985 AAD Expedition Report 

 
The 2008 image of the remains of the Admiralty Hut and the Rec Hut show the result of clearing. Scott 

and Bergstrom conclude their article about the plants of Heard Island as follows: 

 
… The combined effects of their remoteness, small size, large permanent ice cover 

creating a relatively severe climate, and the consequent low habitat diversity have restricted 
the terrestrial flora to a very limited number of species. The resulting plant communities are 
few … but they are expanding rapidly in area as summer temperatures increase, ice margins 
recede, and new terrain becomes available for colonization. This is leading to changes in 
species distribution and abundance, successional changes in the species composition of 
communities, and changes in growth and reproductive performance. The biologically and 
trophically simple terrestrial ecosystem of Heard Island, in particular, is experiencing 
significant alteration as a result. It therefore offers unique scientific opportunities and 
challenges for addressing fundamental biological problems, testing ecological theory, and 
assessing and modeling the dynamics of environmental change and associated biological 
responses in an ecosystem so far unaffected by human impact. 

For the vegetation, it has already been shown that changes are occurring. Some species 
are spreading quickly and modifying the structure and composition of certain communities; 
some communities are expanding into newly available habitats; changes in numbers of seals 
and seabirds are affecting vegetation through changing nutrient and trampling regimes; two 
vascular species have recently appeared on the island with one becoming established. All of 
this has happened over a relatively short period of two to three decades. 

 

The special relevance of South Georgia Island 

 
Of special relevance is South Georgia Island, which lies due west of Heard Island, distant just under 6500 

km. Although the distance is great, the west wind and currents provide a strong and directed flow; small items 

(and species) capable of drifting and establishing on new land will find it relatively easy to make their way to 

Heard Island. The map in FIG. 24.21 shows why South Georgia is strategically positioned: it is due west of 

Heard Island, and it supports a relatively rich biota and extensive human occupation. Bouvet Island is also 

west, but it does not have as rich biota and human population. 
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FIG. 24.21 The special importance of South Georgia Island to Heard Island 

 

The following list gives four plants resident on South Georgia that could be transported on rafts or airborne 

to Heard Island. None of these species is currently known on Heard Island. 

 

Alopecurus geniculatus 
A species of grass known by the common name water foxtail or marsh foxtail. It is native to much 

of Eurasia and was introduced into North America, South America, and Australia. It grows in moist 
areas. Alopecurus geniculatus is a perennial grass forming bunches of erect stems up to about 60 cm in 
height. The leaves are up 12 cm in length. The inflorescence is a dense panicle up to 6 or 7 cm long 
which blooms in dusty yellow-orange anthers. 

Stellaria graminea 
A species of flowering plant in the family Caryophyllaceae known by the common names common 

starwort, grass-leaved stitchwort, lesser stitchwort, and grass-like starwort. 

Poa flabellata 
Commonly known as tussac grass or just tussac, it is a tussock grass native to southern South 

America, the Falkland Islands, South Georgia, and other islands in the South Atlantic. There are also 
two isolated records from the herbarium at the French Muséum National d'Histoire Naturelle for the 
Île Amsterdam in the Indian Ocean. 

It was introduced to Shetland, Scotland, for basket making in 1844, and possibly as a source of 
fodder because of its ability to grow in hostile conditions. It grows in dense clumps, usually about 2 m 
high (although they can be much taller), on wet coastal land, and is a dominant feature of much of the 
landscape. 

The plant community dominated by P. flabellata is widely used by birds and mammals. Breeding 
colonies of southern fur seal, elephant seal, Magellanic penguin, Macaroni penguin, and albatrosses 
are all found amongst tussac grass on South Georgia and elsewhere. The austral thrush is 
predominantly found in this habitat on the Falkland Islands, with tussocks being used as nesting sites. 
The South Georgia pipit also uses the tussocks for nesting. 

On South Georgia, it is a principal food of the introduced reindeer, which has caused considerable 
environmental damage, including erosion and replacement of tussac grass by the introduced annual 
meadow-grass. 

Carex aquatilis 
A species of sedge known as water sedge and leafy tussock sedge. It has a circumboreal 

distribution, occurring throughout the northern reaches of the Northern Hemisphere. It grows in many 
types of mountainous and arctic habitat, including temperate coniferous forest, alpine meadows, 
tundra, and wetlands. 

 
This list (source unknown) is only exemplary of many such species. For instance, Wikipedia lists 26 

species of plants considered “native” on South Georgia. Interestingly, they list 40 additional species on the 

island that are considered “introduced,” and 34 species that are “introduced but considered locally extinct.” 
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Chapter 25 Invertebrates 
 

Protists 
 

In common with every other place in the world, Heard Island supports a diverse group in the phylum 

Protista. These microscopic animals live in water, in moist terrestrial habitats, and as parasites and other 

symbionts in the bodies of multicellular organisms. FIG. 25.1 shows some of those known from Heard Island, 

but it is almost certain that there are far more than these. All of those pictured are protists, except 

Chaetonotus-sp, which is in the phylum Gastrotricha.  

 

 
FIG. 25.1 A selection of micro-zoological organisms found on Heard Island (Top to Bottom). (Left column) 

Nebela-collaris, Nebella collaris, Arcella vulgaris. (Middle column) Arcella vulgaris, Difflugia globulosa, 
Euglypha seminulum, Arcella sp. (Right column) Paramecium sp., Chaetonotus sp., Difflugia globulosa, 

Chaetonotus sp.  
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In War of the Worlds (1898), H. G. Wells wrote about the microbes: 

 
…humanity was saved by the littlest things, which God in His infinite wisdom had seen 

fit to put upon the Earth. 

 
Perhaps the Martians should have landed on Heard Island (Arthur Scholes, Fourteen Men. p. 166): 

 
The absence of microbes on the island prevented the development of colds, influenza, 

or other ills of civilization. 

 

Invertebrates 
 

In addition to the microbes, there are many other “God’s creatures” on Heard Island, some of them quite 

little. These are the invertebrates, which are found on land and in the marine environment. Table 25.1 and 

Table 25.2 list some (but not all) the invertebrates that call Heard Island home. The species marked bold with 

an arrow are described and pictured in this chapter. An essentially complete list of Heard Island species is 

provided by Green and Woehler (2006).  

 
Table 25.1 Terrestrial invertebrates 

Antarctonesiotes gracilipes Beetles 
→Canonopsis sericeus sericeus  
Ectemnorrhinus (s. str.) crassipes  
Ectemnorrhinus (s. str.) jelbarti  
Ectemnorrhinus forbesi  
Ectemnorrhinus hoseasoni  

Ctenolepisma longicaudata Bristletail 

Notiopsylla kerguelensis Fleas 
Parapsyllus magellanicus heardi  

Amalopteryx maritima Flies 
→Anatalanta aptera  
Calycopteryx moseleyi minor (variation)  
Calycopteryx moseleyi moseleyi  

Austrogoniodes macquariensis Lice 
Naubates prioni  
Pelmatocerandra enderleini  
Saemundssonia australis  

Alaskozetes antarcticus Mites 
Globoppia intermedia  
Halozetes marinus  

Tineola bisiella Moths 
Pringleophaga heardensis  
Embryonopsis halticella  

→Myro kerguelensis Spider 

Cryptopygus antarcticus Springtails 
Tullbergia antarctica  
Tullbergia bisetosa  
Parisotoma octooculata  

Ixodes kerguelensis Tick 

Meropathus chuni Weevil 

 
Table 25.2 Marine invertebrates 

→Nacella kerguelenensis   Limpet 

→Gastropods 1, 2A, 2B Gastropod 

→Anasterias mawsoni Seastar 
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In this chapter we describe five taxonomic groups of common invertebrates, shown in FIG. 25.2. All these 

organisms (and more) were collected and identified during the 1997 and 2016 Cordell Expeditions.  

 

 
 

 
FIG. 25.2 Taxonomy of selected invertebrates found on Heard Island (not to scale) 

  

file:///L:/PICs_Chapter_25_Invertebrates/FIG. 25.2 Taxonomy HI simplified.jpg
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Tardigrades 
 

For many people, tardigrades are favorites. The name tardigrade means “slow walker,” and, yes, they 

lumber along at a slothful pace. They are tiny (0.2-0.5 mm long), have four pairs of legs with claws, and look 

for all the world like a tiny model of a Macy’s Thanksgiving Day parade balloon. They have been recorded in 

every biotope: both salt and fresh water; the humidity of rain forests, the altitude of mountains, the dryness of 

desserts, and the isolation of remote islands and Antarctic nunatacks. Like “higher” animals they have 

digestive, excretory, and nervous systems; separate sexes; and well-developed muscles. Like “lower” animals, 

they lack respiratory and circulatory systems, instead, they breathe through their skin or cuticle and the whole 

body acts as a pump to circulate fluids. (William Miller, 1997).  

Tardigrades are most interesting for their ability to suspend metabolism and enter a state of cryptobiosis. 

These include the following processes, among others: 

 
 Anhydrobiosis (dessication) 
 Anoxybiosis (lack of oxygen) 
 Chemobiosis (toxins) 
 Cryobiosis (cold) 
 Osmobiosis (solute concentration). 

 
Tardigrades have tolerated temperatures below freezing at 0.05K (-272.95°C) for 20 hours and -200°C for 

20 months. They have survived 120°C, pressures of 1000 atmospheres, and high vacuum. In the cryptobiotic 

state, tardigrades have shown resistance to hydrogen sulfide, carbon dioxide, ultraviolet light, and X-rays 

(Kinchin, 1994). Some people speculate that tardigrades could be transported through outer space in their 

existing form. The active life of a tardigrade may last only a few months, although it may be spread over 

several years if interrupted by cryptobiotic periods. (William Miller, 1997).  

At Heard Island, the moist mossy environment supports large numbers of tardigrades, but there are many 

sedimentary locations where other meiofauna thrive. The sediments comprising the beach areas at Atlas Cove 

and Spit Bay are of obvious interest, but so are the larger areas of the Nullarbor at Atlas Cove and the tarns on 

Scholes Moraine at Spit Bay. It would be interesting to compare the meiofaunal communities in Compton, 

Brown, Stephenson, Scholes, and Winston Lagoons. It is quite possible that additional undescribed species of 

tardigrades are present in such areas.  

In 2005 a new species of tardigrade was described by Miller, McInnes, and Bergstrom. It was from 

samples collected during the 1986-87 AAD expedition to Heard Island. It is also known from Macquarie 

Island. It was given the name Hypsibius heardensis sp. nov. (new species at the time). It is shown in FIG. 

25.3; its buccal apparatus is diagrammed in FIG. 25.4. According to the authors: 

 
The new species differs from similar species of Hypsibius by the absence of eyes, large 

apophyses, near equal macroplacoids, lack of a microplacoid, the presence of a small 
septulum, and cuticular bars near the base of all claws. 

 
Here is a little help with some of the technical terms in this description (Wikipedia):  

 
 apophysis In the digestive tract, cuticular thickening at the junction of 

buccal tube and pharyrngeal bulb 
 macroplacoid Large cuticular thickenings in pharyngeal bulb 
 microplacoid In a digestive tract, small cuticular thickening posterior to 

 macroplacoids within pharyngeal bulb 
 septulum A little septum; a division between small cavities or parts 
 cuticular bar Relatively long, evenly shaped, piece of cuticle used as a 

guard or obstruction. 
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Whether these definitions help or not, the likelihood is that to understand and appreciate the new species it 

will require a college course in “tardigradeology!” There are many opportunities for future research on 

tardigrades at Heard Island. 

 

 
FIG. 25.3 (A) Hypsibius heardensis, collected at Heard Island in 1986/87 and described as a new species in 

2005 (Miller, et al., 2005). (B) Hypsibius exemplaris, a tardigrade that is becoming a standard for describing the 
tardigrada. It is very similar to H. heardensis. 

 

 
FIG. 25.4 Hypsibius heardensis. Buccal apparatus (pertaining to the facial structures): (A) Dorsal view. (B) 

Lateral view. Claws: (tips of legs) (C) Legs III. (D) Legs IV. 
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Insects 
 

All of the major subantarctic islands have populations of insects. Species counts including four taxonomic 

groups (springtails, lice, beetles, and flies), are given in Table 25.3. Numbers of dominant insect orders on 

subantarctic islands (Gressit, 1970). Campbell Island has the largest number of insect orders by far (194), 

while Marion Island has the fewest (25), with Heard Island next-most (32) (Wikipedia). The distributions are 

shown in FIG. 25.5. 

 
Table 25.3 Numbers of dominant insect orders on subantarctic islands 
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Collembola Springtails 19 16 7 7 17 7 19 46 

Mallophaga Lice 40 35 3 4 19 17 38 25 

Coleoptera Beetles - 7 10 23 14 5 5 42 

Diptera Flies 2 13 5 12 11 3 12 81 

 Totals 61 71 25 46 61 32 74 194 

 

 

 
FIG. 25.5 (Upper) Numbers of four arthropod taxa on subantarctic islands: springtails, lice, beetles, flies. 

(Lower) Total numbers of the four insect orders. 
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Beetles 

 
The beetle shown in FIG. 25.6 was photographed on Heard Island in 2008. It is identified as Canonopsis 

sericeus C. O. Waterhouse, 1875. It is found only on Kerguelen and Heard Islands (Gressitt, p. 23). Males are 

smaller than females and there is a size cline such that populations from higher elevations are smaller than 

those at lower altitudes (Chown and Klok 2001). This beetle belongs to the superfamily Curculionoidea 

(weevils).  
 

 

  
FIG. 25.6 The beetle Canonopsis sericeus. (Upper) The beetle was photographed on Azorella selago on Heard 

Island 2008. (Lower) Reference images of C. sericeus from the literature. 

  

https://en.wikipedia.org/wiki/Taxonomic_rank
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Flies 

 
It should not be surprising that the flies on Heard Island have no wings. Understandably, if the flies could 

fly, as soon as they launched themselves into the air they would be blown completely off the island (and die).  

There are several wingless flies on Heard Island, including the one shown in FIG. 25.7 (Upper). This 

specimen was collected by the author in 2016 on Heard Island. It is Anatalanta aptera Eaton, 1875. Images of 

an undamaged specimen (from the literature) are shown in FIG. 25. 7 (Lower).  

 

          2016 

 

 Literature 

FIG. 25.7 The wingless fly Anatalanta aptera. (Upper row) Photomicrographs of specimens collected on Heard 
Island in 2016. (Lower row) Published photographs of Anatalanta aptera. 

 
Another wingless fly, the Antarctic midge Belgica antarctica, known from Antarctica but not Heard 

Island, is found to have a genome of only 99 million base pairs of nucleotides, making it the smallest insect 

genome described to date (Pappas, 2014; Kelley, et al., https://www.nature.com/articles/ncomms5611.)  

 
The midge — the only insect endemic to Antarctica — is a small, wingless fly that spends 

most of its two-year larval stage frozen in the Antarctic ice. Upon adulthood, the insects 
spend seven to ten days mating and laying eggs, and then they die. In the Antarctic 
ecosystem, these midges eat bacteria and algae, as well as nitrogen-rich waste produced by 
penguins.  

It is suspected that the tiny size of the genome can be explained by the midge’s 
adaptation to its extreme living environment, an evolutionary answer to surviving the cold, 
dry conditions of Antarctica. 

– – Entomology Today, August, 2014 

 
Although it is relatively small in genetic complexity, the Antarctic midge still contains about 13,500 

functional genes, which is similar to the number found in the genomes of other flies. As small as it is, it’s far 

larger than the smallest known genome: a symbiotic bacterium called Carsonella ruddi, which lives inside 

insects, has only 182 genes, which includes a total of only 159,662 base pairs.  

 

  

https://www.nature.com/articles/ncomms5611
file:///L:/PICs_Chapter_25_Invertebrates/FIG. 25.7 CE_A001_IMG_0321_crop_proc.jpg
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FIG. 25.8 shows images of three wingless flies found on Heard Island.  

 

 

Anatalanta aptera Eaton 
1875 

 
 

Anatalanta crozetensis 
Enderlein 1908 

 
 

Amalopteryx maritima 
Eaton 1875 

FIG. 25.8 Wingless flies found on Heard Island 
 

You’ll be forgiven if you think that Anatalanta aptera looks like an ant, but there are no ants on Heard 

Island. Without doubt, it takes some experience to distinguish wingless flies from ants. Wingless flies found 

on Heard and/or Kerguelen Islands are shown in silhouette in FIG. 25.9. All these images are from the 

literature. The silhouette of Anatalanta aptera is second from the right. 

 

 
FIG. 25.9 Comparison of the wingless fly collected on Heard Island in 2016 with several other wingless flies 

  

file:///L:/PICs_Chapter_25_Invertebrates/FIG. 25.8 Australia-Tasmania 2020 iPHone IMG_1765 crop proc crop.JPG
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Chapter 25 INVERTEBRATES ⃝ Page 554 

Spider 
 

We might have thought that spiders would not find enough prey on Heard Island. However, there is one 

(known) spider, Myro kerguelensis Enderlein, 1903, that apparently does. It is the only spider known on 

Heard Island, although multiple species are known on all other subantarctic islands. Myro has been found in 

most, or all, of the apple shelters on Heard Island, sometimes in large numbers. However, apparently there are 

no reports of it elsewhere on the island. An interesting question is what the spiders find to eat. There are no 

flying insects on Heard Island, although the wingless flies and other invertebrates might crawl into a shelter 

and become food. Perhaps the more interesting question is why the spiders prefer to live in the shelters and 

nowhere else.  

 
 

  

  
FIG. 25.10 The spider Myro kerguelensis observed on Heard Island 2016. (Upper) The apple hut (Red Island in 
the distance) contained numerous individual spiders hanging on the inside walls. (Lower) Two individuals on 

the wall next to an inside shelter rib/closeup photograph of one individual/drawing of the spider. 

 
  

https://fr.wikipedia.org/wiki/G%C3%BCnther_Enderlein
file:///L:/PICs_Chapter_25_Invertebrates/FIG. 25.10 DSC_0765 marked 2016 crop.jpg
file:///L:/PICs_Chapter_25_Invertebrates/FIG. 25.10 Fred_100_DSC_0344 crop proc 72dpi marked.jpg
file:///L:/PICs_Chapter_25_Invertebrates/FIG. 25.10 DSC_0808 crop proc crop.jpg
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file:///F:/_BOOK_Heard_Island/____HD_BOOK_draft/___working/__graphics/Sydney Cove.jpg
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Molluscs 
 

In 2016 three gastropod specimens were collected when the vessel lifted its anchor. They were fixed and 

stored in ethanol, and about two months after collection were photographed in dorsal and ventral views. 

Identifications were made in consultation with Dr. Claudio Gonzalez-Wevar, Universidad de Magallanes, 

Chile. FIG. 25.11 shows these specimens. 

Trophon albolabratus is known from Kerguelen, South Georgia, South Orkneys, and Falklands, but the 

literature does not indicate observation on Heard Island. Trophon albolabratus is widely distributed around 

the Antarctic, including Kerguelen, but again the reference does not mention Heard Island. Thus, Heard Island 

may be a new location for both of these species.  

 

 
 

FIG. 25.11 Gastropods. (1
st

 and 2
nd

 columns) Collected on Heard Island 2016. Each of the three specimens is 
seen in dorsal and ventral views. (3

rd
 and 4

th
 columns) Reference specimens. All specimens ca. 2 cm long. 

  

file:///L:/PICs_Chapter_25_Invertebrates/FIG. 25.11 Gastropods.jpg


 

Chapter 25 INVERTEBRATES ⃝ Page 556 

In 2016 one limpet was collected from the vessel anchor. This specimen was fixed and stored in ethanol, 

and about two months after the collection was photographed in dorsal and ventral views. Identification of this 

specimen as Nacella kerguelenensis (E. A. Smith, 1877) was made by Dr. Claudio Gonzalez-Wevar, 

Universidad de Magallanes, Chile, and colleagues.  

 
 

  
 

   

 
FIG. 25.12 The limpet Nacella kerguelenensis collected on Heard Island 2016. (Upper left) Dorsal view. (Upper 
center) Ventral view. (Upper right) Photo from González-Wevar (2019). (Lower) Close-up ventral view. (bold?) 

 
 

According to González-Wevar, et al., “The species is broadly distributed on Heard Island. It occurs in the 

high and medium intertidal rocky ecosystem down to 40 m depths; it is also abundant grazing on 

macroalgae.” 
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Echinoderms 
 

In 2016 one sea star was collected from the vessel anchor. This specimen was fixed and stored in ethanol, 

and about two months after the collection was photographed in dorsal and ventral views. Identification of this 

specimen as Anasterias mawsoni (Koehler, 1920) was made by the author. This species is also known from 

Macquarie Island.  

 

  
 

 
FIG. 25.13 The sea star Anasterias mawsoni collected on Heard Island 2016. (Upper left) Arboral surface. 

(Upper right) Oral surface. (Lower) Close-up of mouth. 
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Chapter 26 Birds 
 

Overview 
 

Wikipedia gives a succinct overview of the birds: Heard Island is an important breeding site for Macaroni, 

Eastern Rockhopper, Gentoo, and King Penguins. Endemic species or subspecies are the Heard Shag and the 

Black-faced Sheathbill. The surrounding waters are home to numerous species of albatross and petrel, some 

of which breed on the islands, including the endangered Southern Giant-petrel and the Wandering Albatross, 

both threatened by long-line fishing. 

FIG. 26.1 shows locations of penguins and seabirds as of 2002. A detail of this plot is shown in FIG. 3.27. 

 

 
FIG. 26.1 The 2002 AAD bird map compiled by E. J. Woehler. Key: green=penguins; red=flying birds. Roughly, 

penguins are found mostly on the east coast of Heard Island and the coasts of Laurens and Azorella 
Peninsulas, while the flying birds are found mostly in the northwest, both on the coast and in vegetated areas 
and the Nullarbor. Note: This plot shows the state of knowledge in 2002. Woehler (personal communication) 

emphasizes that there is additional data available now that are not included in this plot. 

 
Almost all the birds of Heard Island and McDonald Islands find their food at sea in the waters of the 

surrounding Southern Ocean. This is true of both breeders and visitors. An exception is the Black-faced 

Sheathbill, an opportunistic scavenger around seal and penguin colonies, and the only exclusively terrestrial 

breeding bird species present on the islands. The Southern Giant-petrel and Subantarctic Skua are also 

scavengers as well as predators at seabird colonies. 

All the images of birds in this chapter are from Heard Island, generally from 1951 to 2016. 

  

file:///L:/PICs_Chapter_26_Birds/FIG. 26.1 Birds 2002 stretched vertically mareked 2002.jpg
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The Downes bird map  
 

The map shown in FIG. 26.2, done in 1951, provides extraordinary detail of the bird populations. The map 

itself was copied from the 1948 ANARE map: Downes added the locations of birds (in red and green). Fifty 

years later, satellite images and QGIS software enabled the modern version of the bird map, shown in FIG. 

26.1. 

 

 

 
FIG. 26.2 The 1951 bird map by Max Downes 

 
Harold Fletcher described the process of preserving bird specimens: 

 
Zoologists worked continuously in the laboratory in an attempt to clear up collections 

before reaching Heard Island, but so much outstanding material made this impossible. Bird 
skinning is meticulous work and we found our daily tally averaged about 10 birds. Larger 
birds, particularly penguins took much longer to prepare, as thick layers of fat had to be 
thoroughly removed from the skin before a preservative could be applied and the specimen 
filled out to its original shape. It was becoming increasingly cold in the deck laboratory and in 
no time our feet and hands were half frozen. Feeling was renewed in our hands by 
submerging them in a bucket of seawater placed nearby. 

– – Harold Fletcher (1984) Preparing birds pp. 88-108 
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A detail of the Laurens Peninsula portion of the map is shown in FIG. 26.3. 

 

 
FIG. 26.3 Detail of FIG. 26.2 showing the Laurens Peninsula/Azorella Peninsula area (cf. FIG. 3.27 and FIG. 26.1 

 
The 1951 and 2002 maps may be compared:  

 
 The distributions on Laurens Peninsula are roughly the same in 1951 and 2002: The 

birds are found on the coast, a nearly continuous population on the eastern coast 
(both north and south), and a sparser population around the western coast.  

 Populations on Azorella Peninsula are likewise similar, although in 2002 the birds 
appear to be distributed more widely than in 1951. 

 On the Nullarbor, no birds were logged in 1951, while in 2002 a large number of 
“flying birds” is indicated.  

 Around the east side of Heard Island, patches of cormorants are indicated at Round 
Hill, Scarlet Hill, Dovers Moraine, and Long Beach in 1951, but only at Long Beach in 
2002.  

 
Probably the differences between 1951 and 2002 should not be taken too seriously, since there is no 

indication as to the extent of the surveys. That is, large areas of the 1951 map are empty of bird markers, but 

probably that is due, in great part, to the lack of ability to survey those areas, rather than the absence of birds. 

With the examination by researchers, aerial and satellite imagery, and tagging projects, the 2002 data is surely 

far more complete than the 1951 data shows. If that is the case, it might be a bit surprising to not see more 

“flying birds” on the east side.  
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The Gwynn bird log 
 

 
FIG. 26.4 Gwynn’s bird log1953. A PDF of the entire log is available online. 

 
A. M. Gwynn, a member of the 1953 ANARE team, kept a “bird log,” in which he made very detailed 

entries of his observations. The log includes information on penguins, Light-Mantled Sooty albatross, Storm 

Petrels, Dominican Gulls, Cape Pigeons, Skuas, etc. Here is an excerpt:  

 
HEARD Biol. Log 1953-54/Observer – A. M. Gwynn 
Note: It is intended to keep a typewritten log of day-to-day observations, extracted from 

the writer’s diary. But the following pages are kept for details of dissections, and other 
special investigations (see Ringing Log and Runzing Register). 

First part of this intention unfortunately not completed. First seven pages of typescript 
(to April 5

th
) are in separate folder. Separate Bird Log begun on Aug. 1

st
 – see p. 66 of this 

book. 
18 June: A sheathbill No. 12317. Caught by hand, unable to fly. When caught vomited a 

quantity of watery fluid. Obviously very ill and died a few hours later. On dissection, a male. 
Crop full of sand, small pebbles, and bits of shell; gizzard full of coarse grit. Subcutaneous 
and abdominal fat NIL. No parasites in stomach or intestines numerous bird lice. Apparently 
acquiring a new crop of feathers from the many growing feathers present. Cause of death 
obscure, perhaps poison. Skin for Melbourne Museum. 

It is proposed to keep the west bay rookery as a sanctuary as this is near to camp and is 
ideally situated for photography and study; if used as a source of eggs, this would cause a lot 
of disturbance, and might lead to its being abandoned altogether, as happened at Wharf 
Point. 

 
The log also includes information from earlier in the 1960s, including information on bird banding, and 

bird ordinance. Included at the end of the log are letters by Alan Gilchrist describing the accidental 

introduction of a rat to Heard Island. The destructive effects of rats and mice on seabirds are discussed in 

Chapter 27. 
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Penguins  
 

King Penguins Aptenodytes patagonicus 

 

 
FIG. 26.5 King Penguins Aptenodytes patagonicus 

 

The King Penguins on Heard Island are simply feel-good friends. When you appear, they come walking 

over, generally single file, swinging their heads left and right, and gather around to see what you’re doing. 

Their eyes are encased in jet-black feathers so it’s practically impossible to see their eyes, but they’re looking 

at you as you look at them. Their hoots are more of a soft cooing, a reassuring sound that allays any possible 

fears of aggression. The penguins apparently thought our white sandbags were penguins: they gathered ‘round 

and seemed to be mothering their young.  

 

Jonathon Chester, who summited Big Ben in 1983, wrote a book about penguins, in which he defined two 

categories:  

 

There are two kinds of penguins: The white ones coming 
toward you, and the black ones going away from you.  

 

 

This humorous quip is clearly validated by our 2016 photographs (FIG. 26.6).  

 
 

file:///L:/PICs_Chapter_26_Birds/FIG. 26.5 Alan_DSC00948 contrast marked 2016.jpg
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FIG. 26.6 “Two kinds of penguins” (according to Jonathon Chester): (Upper) The “white ones coming toward 

you,” and (Lower) the “black ones going away from you.” Groups like this are referred to as “waddles” or 
“parades.” 
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FIG. 26.7 Reflections of penguins. These are real photographs, not digitally enhanced. 

 
Generally, the species of plants and animals do not change appreciably, at least not over human time 

scales. However, some colonies of plants and animals experience major population changes. The King 

Penguin is perhaps one of the most spectacular, with a rise from a handful of breeding pairs in 1947 to over 

100,000 in 2004 (FIG. 26.8).  

 

 
FIG. 26.8 The growth of King Penguin population 1950-2005. This remarkable graph exhibits an almost perfect 

exponential growth. 
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FIG. 26.9 A large colony of King Penguins near Erratic Point. Note that the still-brown-fur chicks are almost as 

tall as their parents. The chicks concentrate in groups called “creches,” remaining together for warmth. By 
rough counts, there are two adults for every chick.  
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The area and tracks of the foraging activities of King Penguins have been the object of considerable study 

and documentation. The basic statistics of the foraging effort are breathtaking: 

 
We received data on the whereabouts of the penguins sometimes several times a day 

and it was exciting to see how far the birds ventured out to sea. On average they swam 
about 100 km a day, reached distances of 166–466 km from the island, and traveled up to 
2550 km on a single foraging trip that lasted from 6–23 days. The penguins traveled in many 
directions but there was one area (about 74°–76°E) where they concentrated their efforts. It 
will be fascinating to link our data to the marine science data collected on the Aurora 
Australis.  

– – Barbara Wienecke, 2004 

 
The foraging locations of King Penguins were studied at Heard Island during 1992/93 (Moore et al., 1999).  

 
An analysis of 29 time-depth recorders that recorded 239 penguin days at sea found the 

penguins foraging locations changed inter-seasonally. In autumn and spring, adults foraged 
between 48°– 52°S and 74°– 78°E, about 370 km north-northeast of Heard Island (close to the 
Polar Front). Two penguins tracked during the 1992 winter traveled 2200 km northeast of 
Heard Island (to 95°E latitude), along the northern ice limit, and 1220 km south of Heard 
Island to about 65°S, respectively. In spring 1992, the penguins again foraged further north 
than in winter. The spring foraging areas overlapped the autumn foraging areas (Moore, et 
al., 1999). 

– – HIMI Conservation Report 2000 

 
FIG. 26.10 is a plot of the foraging area, as of 1997/1999. The map shows that King Penguins range out in 

a stream from Kerguelen Island and move southwest about 400 km. A similar stream ranges out from Heard 

Island, mixing with the Kerguelen stream.  

 

 
FIG. 26.10 (Left) Foraging areas of King Penguins. It is seen that these penguins range almost exclusively to the 

east of Heard Island. Data 1997/1999. (Right) Areas included in tracking individual penguins. 
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FIG. 26.11 shows locations of individual foraging King Penguins, indicating foraging tracks.  

 

 
0/-80°S, -100/200°E 

 
-48/-56°S, 67/83°E 

 
-52/-55°S, 73/77°E 

 
-53.0/-53.3°S, 73.5/74.0°E 

FIG. 26.11 Foraging positions and tracks of individual King Penguins 1998/1999 

 
In and around the rookeries are often massive collections of feathers. 

 

 
FIG. 26.12 Feather deposits around a King Penguin rookery 
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Macaroni Penguins Eudyptes chrysolophus 

  
The Macaroni is the most abundant penguin species within the HIMI [Heard Island 

McDonald Islands], with populations estimated at one million breeding pairs at Heard Island 
and McDonald Island (Woehler, 1991 and HIMI_Conservation_Report 2000). This represents 
about 21% of the species’ estimated world population of 9.3 million pairs. They feed on 
mesopelagic fish and mackerel icefish, but virtually nothing is known about the foraging 
ecology of macaroni penguins in the HIMI. Their name comes from the distinctive yellow 
feathered crest on the penguins’ heads that apparently resemble the feathers that featured 
on hats worn by men in the 18th century; referred to as macaroni’s. – – Folly-farm 

 

  
FIG. 26.13 Macaroni Penguins 1997/2016 

 
In his log, Gwynn (1953 Bird Log, p. 24) kept track of specific penguins and pairs: 

 
Nov. 8th Macaronis 

7509 A small plump bird, but with a fairly large bill, wandering just above the platform, 
apparently looking for a mate. One of the birds ringed last April. 

7515 x 7529 First pair formed, still together 
7537 Lost mate, who is paired with another 
7538 Has also found himself a new mate  
7544 Very bloody. Has evidently been fighting for territory 
7541 ringed after battle yesterday, has now cleaned herself up, and is paired with a bird 

occupying a snow … 
7542 Has gone back to 7540 outside entrance boulder 

 
Macaroni and Rockhopper Penguins are sometimes confusing in the field. Macaronis have distinctive 

yellow crest feathers, a prominent orange beak, and are 5+ kg. Rockhoppers have a white streak above the eye 

and are around 2 kg. 
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The photograph in FIG. 26.14, taken by Eric Woehler in 2004 (overlay by the author), shows a colony of 

about a thousand Macaroni Penguins. Besides the interesting overall geometry of the colony, a surprising 

aspect is that the colony is divided into two well-delineated symmetrical areas (outlined in red and green), and 

in these two areas the penguins appear with different colors or “textures.” The close-up image of the interface 

shows the explanation: in the green zone, most of the penguins are facing toward the camera (white), while in 

the red zone most of the penguins are facing away from the camera (black). Clearly, the colony spontaneously 

divided into two roughly equal “lobes” with their backs to each other, along a straight line! (cf., FIG. 26.6, 

FIG. 26.16). 

 

 
FIG. 26.14 A large colony of Macaroni Penguins, divided into “lobes” 
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There is, in fact, additional structure in the colony: a line of white penguins across the black side, and a 

line of black penguins across the white side. Also, there appears to be a border of white penguins completely 

around the black penguins. These features are easier to detect in the digitally processed image FIG. 26.16. 

 

 
FIG. 26.15 A digitally processed detail of FIG. 26.14, emphasizing the internal structure of the colony 

 
The interface between the “black” and the “white” penguins is very sharp, as seen in FIG. 26.16. 

 

 
 

  

FIG. 26.16 Details of the interfaces between penguins in a colony. (Upper left). Digital processing was used to 
enhance the contrast of the previous two photos. (Right) Detail of the rectangle in FIG. 26.14. The interface 
itself is only 1-2 penguins wide. The photo was converted to monochrome and contrast-enhanced. (Lower 

left) A line (marked by arrows) is seen in the colony of King Penguins (FIG. 26.9 (Middle)) that is similar to the 
lines in FIG. 26.15. 

 

FIG. 26.9 and FIG. 26.15 show that both King and Macaroni Penguins can spontaneously separate into 

Chester’s “two kinds of penguins” (black and white). The motive and mechanism are not known.  
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FIG. 26.17 and FIG. 26.18 show a very large (>1000) colony of Macaroni Penguins on Red Island. The 

colony was described by Downes, et al. in 1959, and was marked on his bird map of 1951. It is shown 

(partially) in FIG. 12.2 and FIG. 12.3.  

 

 

 

 
FIG. 26.17 The large Macaroni Penguin colony on Red Island. (Upper) Satellite image 2006. (Lower) Red Island 

as seen from Laurens Peninsula 2016. Additional images of Red Island are in Chapter 12.  
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FIG. 26.18 The Macaroni Penguin colony on Red Island. (Upper) 1959. Note the man lying prone on the ground 
taking pictures (arrow). (Lower) 2016. Note that in these pictures there is no obvious separation into Chester’s 

“two kinds of penguns”. 
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FIG. 26.19 Foraging areas of Macaroni Penguins. It is seen that these penguins range in a wide swatch that 

completely encloses Kerguelen. Data 1997, 1998. 

 

 
 

 
2000. Plot range: -52/-54°S, 72/84°E. 

 
Year? Plot range: -51/-59°S, 71/89°E. 

 
2003/2004. Plot range: -40/-100°S, -

200/250°E. 

 

FIG. 26.20  Foraging tracks of Macaroni Penguins. Positions of individual birds are shown. 
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Rockhopper Penguins Eudyptes chrysocome 

   
Like the Macaroni Penguins, Rockhopper Penguins have tufts of colorful (yellow, orange) feathers 

sticking out of the back of the head. However, Rockhoppers are readily recognized by the white streak above 

the eyes.  

 

  
FIG. 26.21 Rockhopper Penguins 1969/1997 

 
According to National Geographic/Animals: 

 
Biologists left little ambiguity about this species’ preferred habitat when assigning its 

name. Rockhoppers are found bounding—rather than waddling, as most other penguins 
do—among the craggy, windswept shorelines of the islands north of Antarctica, from Chile 
to New Zealand. These gregarious marine birds are among the world's smallest penguins, 
standing about 20 inches tall. They have blood-red eyes, a red-orange beak, and pink 
webbed feet. Some estimates say rockhopper penguins have declined by more than 30 
percent over the last 30 years of the 20th century.  

 
Harold Fletcher (Antarctic Days with Mawson, p. 101) described his experience in seeing Macaroni and 

Rockhoppers together: 

 
7Immediately below the boulder [at erratic Point], an extensive cave had been formed 

with its entrance facing the sea. … Our entrance into the cave, which extended back for quite 
a distance with a steeply sloping floor, caused a minor panic among the macaroni and 
Rockhopper Penguin inhabitants. Feathers and the residue of many molts covered the floor 
and lined the nests, which were simply hollows in the feather carpet. It was the first time we 
had seen two species intermingling and sharing the one rookery. Macaroni Penguins greatly 
outnumbered Rockhoppers. Both species were nesting with each bird sitting on two eggs. 
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Gentoo Penguins Pygoscelis papua 

 
Wikipedia provides a basic description of the Gentoo Penguin: 

 
The Gentoo penguin is easily recognized by the wide white stripe extending like a 

bonnet across the top of its head and its bright orange-red bill. It has pale whitish-pink 
webbed feet and a fairly long tail – the most prominent tail of all penguin species. Chicks 
have grey backs with white fronts. As the Gentoo penguin waddles along on land, its tail 
sticks out behind, sweeping from side to side, hence the scientific name Pygoscelis, which 
means “rump-tailed”. 

Males have a maximum weight of about 8.5 kg just before molting, and a minimum 
weight of about 4.9 kg just before mating. For females, the maximum weight is 8.2 kg just 
before molting, but their weight drops to as little as 4.5 kg when guarding the chicks in the 
nest. Southern gentoo penguins reach 75–80 cm in length. They are the fastest underwater 
swimmers of all penguins, reaching speeds of up to 36 km/h. 

 

  

   
FIG. 26.22 Gentoo Penguins. (Upper left) 1947. The bird on the right is not a true albino, but rather a leucistic. 

Technically it has some pigment (feet, bill); an albino would have no pigment at all. (Upper right) A Gentoo 
with two eggs 1947. (Lower left) A Gentoo with two eggs 1969. (Lower Middle) Eggshells after hatching. 

(Lower right) A Gentoo in 2016. The white mark on its head is characteristic of the species. 
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FIG. 26.23  Gentoo Penguins teasing an elephant seal, photographed by the author in 1997. The penguins took 
turns jumping on the back of the seal, which reacted with irritation. The penguins slid off in a minute or so and 

walked around to repeat the cycle. 
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Emperor(?) penguin Aptenodytes forsteri 

 
In modern records, there are no Emperor penguins on Heard Island. However, Gwynn (Bird Log, pp. 92-

93) recorded some notes about a possible siting of an Emperor on Heard Island: 

 
Notes on “Emperor” 
On 11/2/54 [11 Feb 1954] I noticed a large penguin about 300 yards from the station, on 

Nullarbor plain a hundred yards from the water. Its size and absence of the usual coloring of 
a King Penguin interested me, and the following observations were made, together with the 
accompanying photographs. 

Measurements were as follows: Weight 34 lbs.; Beak (tip to feathers) 57 mm. length; 14 
mm depth near tip; Toe 84 mm (not including claw); Base of claw to heel 156 mm. Height 
was about one meter, perhaps a little more when the head was extended. The plumage was 
roughened in parts, as it was attacked by dogs shortly before I reached it; its reaction to this 
was to give a loud squawk and scurry along on its belly for several yards; after this, it stood 
up and slowly walked another ten yards inland. 

Color was a slaty blue-gray on the back, and white on the front. The breast (Upper) and 
throat were of a delicate light yellow perfectly described by Murphy’s phrase “aged silk”. 
Apart from this, the bird was devoid of coloring. The beak was short & entirely black, with 
feathers above & below. The ventral surface of the wings was entirely white to the tips, and 
the leg feathers laterally extended onto the lateral phallus?). The iris was brown, in shape:   ⃝ 
[actual shape drawn had flattened left and right sides] 

The bird was remarkably docile and soon regained its equanimity when carried to the 
Biology Hut for weighing & measuring. While being carried it even closed its eyes and 
appeared almost asleep. 

From Murphy’s descriptions of King & Emperor, it seems likely that this bird was a young 
Emperor, perhaps about 5 months old. [pp. 92-93] [Readers are invited to decide whether 
this identification is correct]. 

 

  
FIG. 26.24 Gwynn suggested this might be a young Emperor Penguin. 
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Landbirds  
 

Sheathbills Chionis spp. 

 
From Wikipedia: 

 
The sheathbills have only two species: the snowy sheathbill (Chionis albus) and the 

black-faced sheathbill  (C. minor). They breed on subantarctic islands and the Antarctic 
Peninsula. They are also the only Antarctic birds without webbed feet. 

 

  
FIG. 26.25 Sheathbills 2016. (Left) Snowy. (Right) Black-faced. 

 
Arthur Scholes (Fourteen Men, 1947, p. 175) provided this description: 

 
Before the end of April, the Nullarbor flat was covered with snow, a white carpet, two 

miles to the SW Bay. White “paddies,” or sheathbills, assembled round the camp, fossicking 
[searching for] food scraps. At the back of the cookhouse, Norm Jones took pity on a small 
number of them and started feeding them. Before a fortnight had elapsed, the “paddies” 
had become the bane of his life. The number had increased to several dozen, all looking fat 
and well-fed. If Norm left the cookhouse door open, half a dozen “paddies” would sneak 
inside and begin picking the floor for scraps. Once chased outside, the cheeky birds would 
sneak back as soon as the cook’s back was turned. It was not long before Norm was 
contemplating drastic measures to rid the whole island of “paddies.” 

The “paddies” fought among themselves in the most vicious manner over food. They 
flew on the roof of the cookhouse and pecked away at the wooden rafters. They were little 
cannibals. If a bird was disabled, the others would pick it to death. They spent more time 
walking on the ground than flying in the air. They roamed the beaches, pecking at the tails of 
the sleeping seals. In a vague way, the “paddies” resembled bantams, but they could run 
faster. They spent their days walking round the camp, prodding with their beaks anything 
that looked edible. Like the other island birds, they were crafty and quick to learn. When we 
first reached the island the “paddies” would chase any tin or scrap of paper. They soon 
learnt what not to chase. Like the skuas, who were ever hanging around the camp, the 
“paddies” learnt to know the meaning of the upraised arm and the whizzing stone. The skuas 
migrated for the winter, but, like the poor, the “paddies” were always with us. 
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Seabirds 
 

Albatrosses 

 
The following passage about albatrosses was provided by Eric Woehler: 

 
Heard Island supports breeding populations of two species of albatross, Black-browed 

Thalassarche melanophrys and Light-mantled Sooty Albatross Phoebetria palpebrata. There 
is a record of a breeding attempt by a Wandering Albatross Diomedea exulans from 1980, 
but none is known since then.  

Black-browed Albatross numbers on Heard Island have increased since the 1940s. New 
breeding localities have been adopted as glacier retreats provide new breeding habitats on 
rocky headlands and coastal cliff ledges on western Heard Island; there are no known 
nesting sites for eastern Heard Island. The breeding population increased from an estimated 
200 pairs in the late 1940s to more than 600 pairs in 2000/01. Black-browed Albatrosses 
were recorded from the nearby McDonald Islands before the recent eruptions that have 
transformed these islands and no recent surveys have been undertaken, so the status of the 
species on these islands is presently unknown. Mitigation measures to reduce albatross 
bycatch on the high seas also likely contributed to this increase. 

The nests of Light-mantled Sooty Albatrosses on Heard Island are widely distributed and 
typically located on cliff ledges around the island. A conservative estimate is that there are 
approximately 500 nests present – but almost certainly there are more around the island. 
Surveys in the early 2000s located nests in areas not previously reported by earlier 
expeditions and may signal an increase in the breeding population at Heard Island.  

A further four species of albatross have been observed over the seas surrounding Heard 
Island since the ANARE visits in the late 1940s. These are Southern Royal D. epomophora, 
Yellow-nosed T. chlororhynchos, Grey-headed T. chrysostoma and Sooty P. fusca albatrosses. 
Heard Island’s location in the Southern Ocean places it in the midst of the “Furious 50s”, 
where the persistent winds provide ample resources for long-distance flights of albatrosses. 
These flights can extend for tens of thousands of km and may last for years between 
alighting on land. Albatrosses can follow scent trails over the oceans, locating food well over 
the horizon. The flights also allow for individuals from different islands to move to new 
colonies – the Wandering Albatross recorded from Heard Island was originally from 
Macquarie Island, more than 5,200 km to the east, and a Black-browed Albatross at Jacka 
Valley in the 1980s had been banded as a chick on Iles Kerguelen, 300 km to the northwest. 

 

Tables 26.1 and 26.2 summarize what is currently known about the albatross populations on Heard Island.  

 
Table 26.1 Albatross of Heard Island and the McDonald Islands 

Species Population (pairs) Population trend IUCN* Status 

Wandering Albatross 1 May be attempting to colonize? Vulnerable 

Black-browed Albatross ≥ 600 increasing Least Concern 

Light-mantled Sooty Albatross ~ 500 increasing? Near-Threatened 

 
Table 26.2 Approximate breeding schedules for albatross at Heard Island 

Species Arrival Onset of laying Onset of hatching Fledge/ departure 

Wandering Albatross Nov mid Dec- Jan mid Mar mid-Nov 

Black-browed Albatross mid Sep mid Oct mid-late Dec Apr 

Light-mantled Sooty Albatross early Oct late Oct late Dec May 
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Wandering Albatross Diomedea exulans 

 
Wikipedia has this to say about the Wandering Albatross: 

 
It is one of the largest, best known, and most studied species of bird in the world, with it 

possessing the greatest known wingspan of any living bird. This is also one of the most far-
ranging birds. Some individual wandering albatrosses are known to circumnavigate the 
Southern Ocean three times, covering more than 120,000 km in one year. 

 
 

  
FIG. 26.26 Wandering Albatross  

 
The discovery of a Wandering Albatross nest was an event for the 1980 AAD team: 

 
One of the most exciting events of the expedition was the discovery on 19 March (1980) 

of a Wandering Albatross incubating an egg on a nest on the vegetated high flats of Cape 
Gazert. This species has not been recorded previously at Heard Island, though it breeds at 
Iles Kerguelen and on many other subantarctic islands. The bird, a male, bore metal and 
plastic leg bands of the Australian Bird Banding Scheme. It had been banded as a non-
breeding adult at Macquarie Island on 9 April 1967. There were two old nest mounds 
nearby, indicating that breeding had been attempted in two previous years. When revisited 
on 25-26 March, the egg had hatched, and the same adult was brooding the small chick; the 
female was not seen. 

– – 1980 AAD Report 31 

 

Sooty Albatross Phoebetria fusca 
 

This albatross is in the same family (Diomedeidae) as the Black-browed Albatross [next section], although 

the common name recently has become infrequently used. Fletcher (1929-1931) described these birds: 

 
Sooty Albatrosses have a spectacular and graceful flight; usually in pairs, side-by-side 

Now and again they simultaneously sweep into a series of complex movements, then, diving 
to sea level and skimming low over the wave-tops, they suddenly rise in a steep climb. Never 
… do the birds depart from their side-by-side positions. On one occasion … a bird took to the 
air leaving its mate sitting on the nest. It put on a wonderful performance of aerobatics, 
flying high in a strong wind, as if displaying its prowess, before returning to the nest. 

– – Harold Fletcher, Antarctic Days with Mawson, p.102. 
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Black-browed Albatross Thalassarche melanophris 

 
Eric Woehler (Green and Woehler, p. 136) provides the following description of the Black-browed 

Albatross: 

 
The Black-browed Albatross, also known as the black-browed mollyhawk, is the most 

widespread and common member of its family. It is medium-sized, at 80 to 95 cm long with 
a 200 to 240 cm wingspan and an average weight of 2.9 to 4.7 kg. It can have a natural 
lifespan of over 70 years. It breeds on 12 islands throughout the Southern Ocean. Colonies 
are very noisy as they bray to mark their territory, and also cackle harshly. They use their 
fanned tail in courting displays. In 1998 there were 600 breeding pairs on Heard Island.  

 
Wikipedia provides additional information: 

 
It has a dark grey saddle and upper wings that contrast with the white rump, and 

underparts. The underwing is predominantly white with broad, irregular, black margins. It 
has a dark eyebrow and a yellow-orange bill with a darker reddish-orange tip. Juveniles have 
dark horn-colored bills with dark tips, and a grey head and collar. They also have dark 
underwings. The features that distinguish it from other mollymawks (except the closely 
related Campbell albatross) are the dark eyestripe which gives it its name, a broad black 
edging to the white underside of its wings, white head, and orange bill, tipped darker 
orange. Immature birds are similar to grey-headed albatrosses, but the latter have wholly 
dark bills and more complete dark head markings. 

 

  
FIG. 26.27 Black-browed Albatross Heard Island 2016 
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Cliff-top nests and a rookery of Black-browed Albatross were marked on the Downes map (FIG. 26.1) on 

Vanhoffen Bluff just south of the Jacka Valley on Laurens Peninsula. FIG. 26.28 is a 1987 map showing 

nests on both sides of the Jacka Valley. 

 

 
FIG. 26.28 Location of colonies of the Black-browed Albatross. (Site 1) North Jakka Valley. (Site 2) Jakka Valley. 

(Site 3) Vanhoffen Bluff. (Site 4) Henderson Bluff, west coast Big Ben (see insert). 

 
John Bechervaise, a member of the 1953 ANARE team, recorded the recovery of a Black-browed 

Albatross. Bernadette Hince quoted him in her valuable transcription of his diaries: 

 
On 17 November 1953, news arrived that a black-browed albatross ringed on Heard 

Island as a chick in February 1951 had been recovered near Sydney … 
– – Hince: Unique and Unspoilt, the John Bechervaise Diary. 5 March 1953. 

 
Considering the range of this bird, the distance between ringing and recovery is not surprising. 
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FIG. 26.29 Foraging areas of Black-browed Albatross. Data 1995. It is seen that the species ranges almost 

exclusively to the east of Kerguelen Island and northeast of Heard Island). Heard Island is just below center. 
Kerguelen Island is at upper left.  

 
 

  
FIG. 26.30 Foraging locations of Black-browed Albatross 2003/2004. Positions of individual birds are shown.  

(Left) Plot range: +40/-80°S,-200/+200°E. (Right) Plot range: -48/-55°S, +71/+76°E. 

 
 

Light-mantled Sooty Albatross Phoebetria palpebrata 

 
The Light-mantled Sooty Albatross is a small albatross in the genus Phoebetria. It was 

first described as Phoebetria palpebrata by Johann Reinhold Forster, in 1785, based on a 
specimen from south of the Cape of Good Hope. 

– – Wikipedia, corrected by Eric Woehler 
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FIG. 26.31  The Light-mantled Sooty Albatross 

 

  

  
FIG. 26.32 Foraging tracks of the Light-mantled albatross 2003/2004. Heard Island is slightly above center. 
Kerguelen Island is at upper left, off the plot. Positions of individual birds are shown. Plot range: 0/-90°S, -

200/+400°E. (Upper left) Satellite view. (Upper right) Plot range: 0/-90°S, -200/+400°E. (Lower left) Plot range: 
-50/-70°S, 20/100°E. (Lower right) Plot range -52/-56°S, 71/75°E. 
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Cormorants 
 

Heard Island Cormorant Phalacrocorax atriceps 

 
Every visitor to Heard Island inevitably sees large numbers of two particular birds: King Penguins 

(described above) and Heard Island Cormorants (described here).  

 

 

 
FIG. 26.33  Heard Island Cormorant 2016 
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FIG. 26.34 Heard Island Cormorant flight cycle 2016 

  

file:///L:/PICs_Chapter_26_Birds/FIG. 26.34 _CE_2016_K3EL-3220159 crop clarityy marked 2016.jpg
file:///L:/PICs_Chapter_26_Birds/FIG. 26.34 K3EL-3220148 proc.jpg
file:///L:/PICs_Chapter_26_Birds/FIG. 26.34 K3EL-3220075 crop proc.jpg


 

Chapter 26 BIRDS ⃝ Page 590 

The Heard Island cormorant is the iconic bird of Heard Island, partially because it is endemic to the island. 

The name “Blue-eyed cormorant” is an old name used for all cormorants on all subantarctic islands before it 

was realized that each island form is endemic to its island. (Eric Woehler, personal communication). 

 

   
FIG. 26.35 Two magnificent pairs of Heard Island Cormorants 1969/2016 

 
 

  
FIG. 26.36 (Left) King Penguin. (Right) Heard Island Cormorant. According to Eric Woehler (personal 

communication), the orange spots might be facial ornamentation useful for sexual selection. 
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FIG. 26.37 Heard Island Cormorant with chick on pedestal nest 2015 

 

  
FIG. 26.38 (Left) Woehler Rock, at the south end of Sydney Cove, Laurens Peninsula. (Right) Detail of the Top 

of the rock. The array of pads are the result of multiple nests of cormorants 2016 

 
In the 1990s, the breeding population of cormorants was believed to be between 100 and 200 pairs in three 

colonies (Stephenson Lagoon, Saddle Point, Sydney Cove), but in 2000/2001, a breeding colony of 

approximately 850 pairs was discovered by Eric Woehler at Cape Pillar. The total Heard Island population is 

now believed to number around 1000 breeding pairs.  
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Petrels 
 

Southern Giant Petrel Macronectes giganteus 

 

 
FIG. 26.39  Location of a Southern Giant Petrel colony on Red Island 1980 

 

 
FIG. 26.40  Adult Southern Giant Petrel 1997 
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FIG. 26.41  Southern Giant Petrel. (Upper) Adult petrel gorging on a seal carcass 2008. (Lower) Chick 2016. 
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FIG. 26.42 Adult Southern Giant Petrel in flight 2016 

 
There is a large colony of petrels on Red Island, but it does not overlap the Rockhopper Penguin colony. 

Arthur Scholes described the petrels in 1947: 

 
The petrels were revolting when they vomited, lightening their load to get airborne. 

Their companion birds pounced on these tasty morsels and wolfed them down. The island 
teemed with a grim prehistoric life, in which there was no room for the halt or maimed.  

– – Arthur Scholes, Fourteen Men, 1947 

 
Peter Lancaster Brown described his observations of petrels in 1953: 

 
That evening, in the quiet of the dog hut, I sat down to analyze the results of my two 

visits to the giant petrel rookery. Comparing my descriptions with Downes, of the same 
birds, it appeared that7 the majority of them were now one group lighter. Was it a real 
change? Or was it the personal equation entering into it? I discovered another interesting 
fact: the adult birds usually returned to exactly the same spot each year, sometimes to the 
very same nest. My evidence here was quite conclusive. 

– – Peter Lancaster Brown, Twelve Came Back, p. 186 

 
The 1953 ANARE team was active in banding birds: 

 
[19 June 1953] Two interesting cables arrived today. One from Sir Douglas Mawson 

wishing us happy wintering, a much-appreciated greeting from the doyen of Australian 
Antarctic exploration; the other informing us that bird-ring 9532 had been recovered near 
the Chatham Islands. It was on a giant petrel ringed by Arthur and Dick on 20th April, about 
to leave the nest for the first time.  

– –Bernadette  Hince, Unique & Unspoilt, p. 101 

 
Petrels are among several major bird groups being viciously attacked by invasive mice on other 

subantarctic islands, hence there would be concern about Heard Island if these rodents were to be established 

there.  
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Other seabirds 
 

Cape Petrel Daption capense 

 

  
FIG. 26.43  Cape Petrel in flight 2016. The markings are quite distinctive. 

 
The Cape petrel is a unique-looking petrel. It has a black head and neck, and a white 

belly, breast, and its underwing is white with a black border. Its back, and upper wings are 
black and white speckled, as is its tail which also has a band of black. When fully grown, their 
wings span 86 cm and they are 39 cm long.  

The Cape petrels' diet is 80% crustaceans, as well as fish and squid. Krill is their favorite 
crustacean, which they obtain by surface seizing as well as diving under water and filtering 
them out. They are also well known for following ships and eating edible waste and 
carcasses thrown overboard. They are aggressive while feeding and will spit their stomach 
oil at competitors, even their own species.  

They are colonial birds, and nest on cliffs or level ground within a km of the ocean. They 
tend to have smaller colonies than other petrels. Their nests are formed with pebbles and 
are placed under overhanging rock for protection, or in a crevice. In November they lay a 
single clear white egg, which is incubated for 45 days by both sexes. The egg usually 
measures 53 by 38 mm. Like most other fulmars, they will defend their nest by spitting 
stomach oil. Skuas will prey on Cape petrel eggs and chicks. Upon hatching, the chick is 
brooded for ten days until it can thermoregulate, after which both parents assist in the 
feeding. The chicks fledge after 45 more days, around March.  

During breeding season, Cape petrels feed around Antarctica's shelf and during the 
winter they range further north, as far as Angola and the Galapagos Islands. They breed on 
many islands of Antarctica and the subantarctic islands, some going as far as the Auckland 
Islands, the Chatham Islands, and Campbell Island. Their main breeding grounds are on the 
Antarctic Peninsula, South Georgia, the Balleny Islands, the Kerguelen Islands, as well as 
islands in the Scotia Sea. 

– – Wikipedia 
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Subantarctic Skua Catharacta maccormicki 

 

 

  
FIG. 26.44 Subantarctic Skua. (Left) A skua in a classic pose 2016. (Right) The resting skuas all face the same 

way, presumably to face into the wind and so their feathers don’t lift. Photo 1997. 

 
Skuas at Rogers Head 1929-1931 

 
Rogers Head is also a favorite nesting place of skua gulls. We counted more than a 

hundred nests generally built on hummocks of grass, all occupied by a bird sitting on two 
eggs. Skuas were in great numbers and because of the nesting were particularly pugnacious. 
Time and time again they dived at us in their attacks and we had to duck as a swish of air 
heralded their close approach. On one occasion, as Hurley ducked, he instinctively raised his 
camera tripod to protect his head. The skua made no attempt to swerve, and hit the tripod, 
breaking two of the instrument's legs and breaking its own neck in the process. 

– – Harold Fletcher, Antarctic Days with Mawson, p. 94. 
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Antarctic Prion Pachyptila desolata 

 

 
FIG. 26.45 Antarctic Prion 2016 

 
Prions and skuas 1929-1931 

 
Large flocks of prions flying back to their burrows were forced to run the gauntlet of 

hostile attacks from the hovering skua gulls. Diving amongst them, skuas killed dozens of 
prions in midair. After the prions had reached the safety of their burrows, the skuas landed 
and fed on the bodies of their fallen prey. The ground in the Rogers Bay area was matted 
with disemboweled prion pelts, all in a perfect state of preservation because of the intense 
co1d. The abundance of prion skins was of great value to Falla because comparative 
measurement of the bills is one of the main methods of determining specific rank. 

Returning from the sea at dusk, individual prions flew unerringly to their respective 
burrows, usually under clumps of the ubiquitous Azorella. Alighting at the entrance, the bird 
called to its mate in a low guttural tone before entering. On one occasion we removed a 
prion from its burrow for our collection and returned that evening to watch the behavior of 
its mate on its homecoming. Landing at the entrance, its call was unanswered. The prion 
became very agitated, looked around in all directions, and after pecking at the ground finally 
entered the empty burrow. We revisited the burrow next evening to find the bird dazed and 
almost paralyzed. Obviously, it had not left the nest and had been lamenting the loss of its 
mate. 

– –Harold  Fletcher,, Antarctic Days with Mawson, p. 94. 
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Antarctic Tern Sterna vittata 

 

 
FIG. 26.46 Antarctic Tern 2016 

 
Tern migrations 1929-1931 

 
Terns have been captured, banded, and liberated while nesting in the Arctic regions. 

Four birds with identity bands still attached have been recorded from the coast of Western 
Australia, New South Wales, and South Australia. Another record is from New Zealand. 
These birds had deviated from their usual migration routes which appear to be down the 
east coast of South Africa and the east coasts of North and South America. 

The Arctic terns' year is by no means a restful one. After nesting in the Arctic regions, 
they fly south to the Antarctic to enjoy its summer months. Towards the close of the 
southern summer, they fly back to the Arctic to breed. They, therefore, enjoy two summers 
each year.  

– – Harold Fletcher, Antarctic Days with Mawson, pp. 104-105 
 

Tern migrations 2000-2001 

 
There is a small breeding population of Antarctic terns on Heard Island, estimated at less 

than 100 pairs. They are absent from Heard Island for the winter months and South Africa 
had previously been suggested as a potential wintering area, although there was no hard 
evidence to support this. 

On 31 December 2000, one of six Antarctic terns feeding in the surf and sitting on the 
shoreline of Atlas Cove was seen to have a yellow band on its left leg. On 2 January 2001, 
two of approximately 80 Antarctic terns feeding in the surf at Corinthian Bay, approximately 
1 km east of Atlas Cove, were observed to have yellow bands, and another bird was seen to 
have a metal band only. A search at Jacka Valley, approximately 7 km from Atlas Cove on 15 
January 2001 and a known breeding locality for terns, was successful. Of 20 nest scraps 
located in the colony, two belonged to birds with bands. Heard Island is approximately 4,300 
km from Bird Island, South Africa, and these sightings provide the first evidence of migration 
by breeding Heard Island Antarctic terns to South African wintering areas. 

– – Eric Woehler, Heidi Auman & Martin Riddle, 2002 
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Kelp Gull Larus dominicanus 

 

  
FIG. 26.47 Southern Black-backed Gull. (Left) Chick 2008. (Right) Adult 2016. 

 
This bird is also known as the Dominican Gulls and the Kelp Gull. It is found in Gwynn’s Bird Log 1953 

as follows: 

 
August 22

nd
 

Another unexpected finding: the many droppings scattered over the snows on the edge 
of the Vahsel Glacier, several hundred yards from the sea, evidence that this area is used as 
a roosting place by Dominican Gulls! Identity confirmed (a) by a limpet shell in the snow, and 
(b) a juvenile gull overhead at this spot returning from a trip over the Vahsel at twilight on 
Aug. 16th. 

– – A. M. Gwynn, Bird Log. Dominican Gull (Kelp Gull) 1953 
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Chapter 27 Mammals 
 

Seals 
 

Elephant Seals Mirounga leonina  

  
 

 

 
FIG. 27.1 Elephant Seals on Heard Island. (Upper) A large male 1947. (Lower) A female 2016. 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.1 3 1947 Heard Island wild mute shots 31_exposure marked 1947 proc.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.1 Fred_073_DSC_0805 proc marked 2016.jpg
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Groups of seals are called “colonies”, “rookeries”, “herds”, or “ bobs”. 

 

 
FIG. 27.2 A herd of about a dozen Elephant Seals, near ruins of the ANAREstation  and AAD shelters 2008 

 

 
FIG. 27.3 A large bull with his harem: four cows sleeping peacefully while the bull keeps away intruders 2016 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.2 Andy Cianchi 08 Joel_JNG0012 marked 2008.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.3 Carlos_IMG_8756 proc crop 2 crop marked 2016.jpg
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FIG. 27.4 (Upper) A female Elephant Seal shows a right arm that seems astonishingly similar to a human’s.  

(Lower) The elephant seal skeleton, showing the very long digitals on its front arm. There are five fingers, like 
humans, but no thumb. 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.4 Andy Cianchi 08 narelle 106 crop 3 marked 2008.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.4 Skeleton-of-the-Seal flipped.jpg
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More than 25 years ago, this author wrote of his experience with the Elephant Seals: 

 
The elephant seals were not attractive. Lying in pools of excrement, draining foamy 

saliva from their mouths, blowing bubbles of mucus from their nostrils, and showing their 
ugly brown, bloodshot eyes, they seemed to be pornographic animals. There was nothing 
visually redeeming about these animals; they were just plain ugly and dirty. And aggressive. 
And noisy. They would burp and fart and grunt and growl. As interesting as they were from a 
behavioral standpoint, it was hard to not think critically of whatever it was that had allowed 
them to have been created. 

– – Robert Schmieder, 3YØPI Peter I Island, Antarctica, 1994, p. 62 

 
Little did I know then that I would radically change my mind just three years later. In 1997 I had an 

encounter with the elephant seals on Heard Island: 

 
What happened then was most unexpected. As I looked into their “ugly brown eyes” 

and listened to them “burp and fart and grunt and growl,” I began to see them not as 
objects, but as individuals. I began to see differences in between them, subtle to me at first, 
then obvious. I began to be aware of differences in their behaviors and their responses to 
me. After a half-hour, I was ready to give them names. After an hour I was tempted to put 
my arms around them and pet them [I didn’t]. 

– – Robert Schmieder, VKØIR Heard Island, 1997, p. 123 

 
The seals and penguins co-exist with no discernible antipathy or aggression. On the Nullarbor, both 

animals get caught in sandstorms when the wind comes up, although they manage well enough. FIG. 27.5 

shows these animals enduring the frequent low sandstorm. 

 

 
FIG. 27.5 Seals hump across the Nullarbor during a windy period that raised a sand blanket over the beach. 

The penguins appeared to be walking toward the seals, which continued on toward the beach. 

 
  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.5 DSC_3283 crop marked 2016.jpg
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Naturally, elephant seals hang out near the beach, and sometimes on it. FIG. 27.6 shows a pod of 96 seals 

and reveals their paths to and from the water. 

 

 
FIG. 27.6  A pod of 96 seals photographed on Elephant Spit from a helicopter. Note the huge (presumably 
male) seal just left of center in the pod (arrow). On average, the females measure about 3 m in length; the 
single male is thus about 6 m in length. It’s tempting to believe that this is one lone male with 95 females! 

 

In his 1881 book, Charles Lanman (Recollections of Curious Characters and Pleasant Places, 1881, pp. 

62-64) describes various aspects of the seals [slightly edited]: 

 
When quite young they are called silver-gray pups from their color, but as they mature, 

they become brown, the males inclining to a dark blue, and the females to a yellow shade.  
In sailor parlance, the old seals are called “Beach Masters” and “Bowls” and the females 

“popping cows” and “brown cows.” 
Their food is supposed to consist chiefly of cuttlefish and seaweed.  
They are sluggish in their movements, and somewhat stupid. In certain localities, they 

congregate in large herds or corrals. 

 
Wikipedia says this: 

 
A bull southern elephant seal is about 40% heavier than a male northern elephant seal, 

more than twice as heavy as a male walrus, and 6–7 times heavier than a polar bear. Males 
typically are five to six times heavier than females. A large male can reach 5 tons. 

Elephant seals spend the majority of their life (90%) underwater in search of food. They 
can cover 100 km a day when they head out to sea. They dive repeatedly, each time for 
more than 20 minutes, to hunt their prey—squid and fish—at depths as much as 2000 m.  

They can hold their breath for more than 100 minutes–longer than any other non-
cetacean mammal. They dive to 1,550 m depth. They have a very large volume of blood, 
allowing them to hold a large amount of oxygen for use when diving. They have large circular 
eyes that have more rods than cones to help them see in low light conditions when they are 
diving.  

  

https://en.wikipedia.org/wiki/Cetacea
https://en.wikipedia.org/wiki/Cetacea
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.6 combine antc1082_f297 antc1082_f298 proc marked 2000 proc.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.6 (inset) Elephant Spit.jpg
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Elephant seals do a lot of play-fighting, and it is not uncommon for them to sustain minor injuries. Two 

examples are shown in FIG. 27.7. 

 

 

 
FIG. 27.7 Elephant Seals showing minor injuries, possibly from during play-fighting with other seals.  

(Upper) 1997. (Lower) 2016. 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.7 David VK6DAM neg scan 77 crop marked 1997.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.7 Seal_injured_Adam_IMG_1746 marked 2016.jpg
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Antarctic Fur Seals Arctocephalus gazelle 

  
A single Antarctic Fur Seal is shown in FIG. 27.8, in both lateral profiles. 

 

   
FIG. 27.8 Antarctic Fur Seal. (Left) 1952. (Right) 2016.  

 
FIG. 27.9 shows the foraging areas of Antarctic fur seals, which is principally to the east of Kerguelen and 

Heard Islands. This area partially overlaps the foraging area of other species such as the Black-browed 

Albatross.  

 

  
FIG. 27.9 Foraging areas for the Antarctic Fur Seal. (Left) Area of all individuals seals observed in 1990, 1995, 

1997, 1998, and 1999. (Right) Area within which individual seals were tracked (data is shown in FIG. 27.9 
below). 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.8 Fur seal from AR_Interim_4 marked 1952.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.8 Arliss_DSC_5252 marked 2016.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.9 Feeding locations marine mappals crop.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.9 Fur seals FF2 FF10 FF14 FF19 FM12 FM19 marked.jpg
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FIG. 27.10 shows tracking of individual fur seals. To this writer, the most surprising aspect is the 

qualitative differences in the tracks. One might have expected the seals to follow a relatively well-established 

path, and this is true for seals FM12 and FM19 (Bottom row), but the other four individuals, while moving 

in the northeast quadrant from their origin, move along very different paths. 

 
 

 

 

 
FIG. 27.10 Tracks of individual Antarctic Fur Seals. 2003/2004. The animal identifications are shown in the 

titles of the plots (FF2, FF10, etc.).  

 
  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.10 Antarctic fue seal 2003-2004 foraging tracks 05.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.10 Antarctic fue seal 2003-2004 foraging tracks 01.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.10 Antarctic fue seal 2003-2004 foraging tracks 02.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.10 Antarctic fue seal 2003-2004 foraging tracks 04.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.10 Antarctic fue seal 2003-2004 foraging tracks 09.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.10 Antarctic fue seal 2003-2004 foraging tracks 10.jpg
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FIG. 27.11 shows the areas of the seal tracking studies. 

 

  
FIG. 27.11 Areas included in the plots of seal observations 

 
FIG. 27.12 Shows locations of individual seals observed in 2000 and 2003/2004. Although these are plots 

of individual observations of seals (they are not tracking of individual animals), for some cases the individual 

animal tracks can be inferred. The ranges in 2003/2004 appear considerably larger than in 2000, principally 

the south and west. The author believes this does not mean an increase in actual range, but rather observation 

of a larger area.  

 

  
FIG. 27.12 Observed locations of seals (any individuals). (Left) 2000. (Right) 2003/2004.  

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.11 Seal observatioins 2000 2003-2004 Dated.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.12 2000 Antarctic fur seals ASAC_1251.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.12 Clip_11.jpg
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Leopard Seals Hydrurga leptonyx 

  
A picture of contentment? Unlikely. It won’t be long before this seemingly smiling animal will awake, 

waddle into the surf, and ruthlessly eat a panicked penguin searching for its own meal.  

 

 
FIG. 27.13 Leopard seal. The seals sometimes nap on an open beach; this one was on Corinthian Bay in 2016. 

 
Leopard seals may be even more frightening than leopards themselves. Utterly without compassion or any 

interest in the panic of their prey, they simply grab a large animal and shockingly tear it to pieces by smashing 

it against the water. Probably the most famous picture is of a leopard seal about to devour a penguin [Fotiou, 

PIC by Amos Nachoum].  

Erwin Erb provides the following description [edited slightly] of leopard seals in the 1992 AAD expedition 

Report: 

 
Leopards appear to be pretty catholic feeders. Of warm-blooded prey they take 

whatever they can overpower; often gorging themselves with enormous amounts of meat 
and blubber. A fully grown leopard finds it no hardship to eat an entire elephant weaner in 
one go. The same leopard will take several penguins almost every day. 

Seeing a fully grown leopard seal dismember a fur seal he had killed is a blood-chilling 
experience. The carcass is torn and smashed apart, just as in the case of a penguin. Being, 
however, much heavier, the inertia of the carcass helps the stripping of it. Still, sometimes it 
could be seen that the leopard smashed the whole fur seal bodily out of the water, as if 
handling a wet rag. Several observations of the spectacle lasted up to an hour and more, 
until [nearly] the whole carcass was eaten, and the remains left to the birds. 

Of the total of 37 fur seals killed in the checking area by leopards during the 1992 
winter, 26 showed massive bites into and through the skull. In many cases, the heads were 
sheared in two. The huge jaws, the almost 110-degree gape, and the multipurpose grab-
pierce-shear dentition of the predator make short work of the small and slender skulls of 
young fur seals. 

Leopard seals have never been seen attempting to catch prey, or to feed, onshore 
(quoting A. M. Gwynn). … [Interestingly], leopards, it would appear, cannot swallow 
underwater. 

– – Erwin Erb, 1992 Expedition Report, “Leopard Seals”, pp. 51-52, 60-63.  

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.13 Gavin_05_027_Day_trip_3_DSC_3273_1 marked 2016.jpg
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Leopard seal teeth are very distinctive. Are they anything like terrestrial leopard’s teeth? Answer: no. FIG. 

27.14 shows leopard seal and African Leopard teeth, seen to be quite different. The corresponding teeth of 

most terrestrial carnivores (leopards, lions, tigers, wolves, etc.) are very similar to the picture below (right).  

 

  
FIG. 27.14 Leopard teeth. (Left) Leopard Seal Hydrurga leptonyx. (Right) African leopard Panthera pardus 

pardus. 

 
Before tags were developed, seals were tracked by branding them. Reports indicate that the seals 

(including elephant seals) did not appear to be in pain from this process.  

 

 
FIG. 27.15 Branding seals in 1953 

 

  
FIG. 27.16 A modern tag on the hind flippers of the seal seen in FIG. 27.12 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.14 Leopard seal teeth row white.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.14 Leeopard teeth.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.15 Leopard_seals 001 crop crop proc marked 1953.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.16 Clip_2 marked 1997.jpg
file:///L:/PICs_Chapter_27_Mammals/FIG. 27.16 Clip marked 1997.jpg
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Rodents 

 
A rat on Heard Island 

 

 
FIG. 27.17 A brown rat, the most likely species seen by Alan Gilchrist in 1947. Also known as the Norway Rat, 

Common Rat, Roof Rat, and Sewer Rat. 

 
By and large, if you are a rat, Heard Island is not a place you would want to be. In 1953, one such rat made 

a terrible mistake, documented in addenda to the Gwynn Bird Log (see Chapter 26). In the rear of the original 

log, some additional pages are inserted. They are notes, and a letter, by Gilchrist (the medical officer with the 

ANARE party during the 1948 and 1963 seasons at Heard Island). Here are the circumstances that led to this 

event, according to Gilchrist (the medical officer with the ANARE party during the 1948 and 1963 seasons at 

Heard Island): 

 
The initial landing Dec. 1947 was made at the western corner of Atlas Cove. After 

landing a portion of their supplies, it was observed that the site was extremely windy due to 
a “funnel effect” generated by Cape Laurens (hence, the site was named “Windy City”). The 
crew opted to complete the landing on the east side of Atlas Cove. Later they went back to 
recover the stores at Windy City, and this episode involving a rat occurred there. 

 
Gilchrist attributed the excerpt below to Abbotsmith and Macey. 

 
30-10-92 Accidental Introduction of a Rat to Heard Island 
Addendum to ‘Biology Log” Heard Is ’47-’48-’49; Related to me (Gilchrist) by Abbotsmith 

and Macey; not my own observations, but quite reliable. 
… When there were only three of four cases left [to transfer], a rat was seen to run from 

a lifted case to hide between the remainder. John then went to the nearby high tide mark 
and from the driftwood selected clubs with rounded ends about 45 cm long, probably of 
jarrah or possibly red gum. He carefully separated and isolated the remaining cases, enabling 
the rat to be (rather brutally) dispatched by club. No attempt was made to detect the sex of 
the animal. The body was thrown onto the beach where the carnivorous Skua gulls would be 
sure to find it next morning. 

 
Since there have been no observations of rats in the following 70 years, one might conclude that the 

combination of harsh conditions and careful preparation of visitors has been quite successful in keeping rats 

from establishing a population on Heard Island. 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.17 Brown rat.jpg
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Mice on subantarctic islands 
 

Rats are one thing, but mice are another … 

 

 
FIG. 27.18 A scalped grey-headed albatross chick on subantarctic Marion Island gruesomely conveys the threat 

seabirds face from invasive species. 

 
For reasons not entirely understood, mice brought to Gough Island by humans 200 years ago have recently 

begun feeding on birds at night. With no instinctive fear of this new danger, a bird will sit passively while 

mice nibble into its flesh until it succumbs. In 2018 Newsweek published the following story: 

 

Monster mice are eating rare seabird chicks alive, 
causing “environmental catastrophe” 

 
Giant, greedy mice are decimating seabird colonies on a remote island by eating their 

young. The invasive mice, which are some 50 percent larger than normal house mice, are 
devouring the chicks and eggs of seabirds on Gough Island in the South Atlantic. 

An RSPB [Royal Society for the Protection of Birds] spokesperson told Newsweek the 
charity is working with international partners to "eradicate mice from Gough Island in 2020 
to stop this once and for all." Members of the public can donate to the charity's Gough 
Island appeal to support these efforts. 

“A toxic cereal pellet will be dropped from helicopters during the winter when fewer 
seabirds breed on the island. There are no other mammal species on Gough to eat the 
pellets,” the RSPB told Newsweek. “This is the same technique that has been successfully 
used to eradicate rodents on many islands worldwide.” 

Invasive bird-eating rodents are a threat to ecosystems far beyond this uninhabited 
island. Rats are feasting on eggs and chicks on the Indian Ocean's Chagos Archipelago. And 
the effects go far beyond the birds themselves. Decreasing bird populations, scientists 
recently reported, are starving the islands of their droppings—a crucial fertilizer. Even coral 
reefs are suffering as a result of the archipelago's invasive rats. 

– – Katherine Hignett, 2018 

  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.18 Mice predation on albatross.jpg
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FIG. 27.19 Seabirds on Gough Island attacked by mice. (Upper) Burrowing Petrel chick. (Lower) Carcasses of 

adult Atlantic Yellow-nosed Albatross. 
  

file:///L:/PICs_Chapter_27_Mammals/FIG. 27.19 Clip_18 proc.jpg
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In a 2015 report and 2017 article, B.J. Dilley, et al., wrote the following about Gough Island: 

 
Since 2004 there has been mounting evidence of the severe impact of introduced house 

mice (Mus musculus L.) killing chicks of burrow-nesting petrels at Gough Island. We 
monitored seven species of burrow-nesting petrels in 2014 using a combination of infra-red 
video cameras augmented by burrow-scope nest inspections. All seven camera-monitored 
Atlantic petrel (Pterodroma incerta Schlegel) chicks were killed by mice within hours of 
hatching (average 7.2±4.0 hours) with an 87% chick failure rate (n=83 hatchlings). Several 
grey petrel (Procellaria cinerea) chicks were found with mouse wounds and 60% of chicks 
failed (n=35 hatchlings). Video surveillance revealed one (of seven nests filmed) fatal attack 
on a great shearwater (Puffinus gravis) chick and two (of nine nests filmed) on soft-
plumaged petrel (Pterodroma mollis) chicks. Mice killed the chicks of the recently discovered 
summer-breeding MacGillivray’s prion (Pachyptila macgillivrayi), with a chick mortality rate 
of 82% in 2013/14 and 100% in 2014/15. The closely related broad-billed prion (Prion vittata 
Forster) breeds in late winter and had a chick mortality rate of 100% in 2014. The results 
provide further evidence of the dire situation for seabirds nesting on Gough Island and the 
urgent need for mouse eradication. 

 
In a National Geographic report in 2018 and on the current National Geographic website, the crisis on 

Marion Island is further described (emphasis by the author): 

 
In his many years of documenting wildlife, Thomas Peschak has seen some bloodshed. 

When he first saw footage of what’s happening on Marion Island, however, the National 
Geographic photographer was in for something new. Amid this stormy jewel of biodiversity 
halfway between South Africa and Antarctica, he photographed the gruesome aftermath of 
mice creeping into albatross and petrel nests in the night and biting the skin off living seabird 
chicks. These include three species of endangered and vulnerable albatross—grey-headed, 
sooty, and wandering—as well as near-threatened grey and vulnerable white-chinned 
petrels. 

“The sheer carnage that these mice create on albatross chicks is just mind-blowing,” 
Peschak says. “I have a tough stomach, but that’s pretty rough.” 

Right now, only a small percentage of the island’s albatross population is dying from the 
attacks. But ornithologists anticipate the problem will get worse, which is why they’re 
launching one of the most ambitious mouse eradication projects on at island to date. 

The researchers found that climate change is creating warmer winters that kill off fewer 
mice. As a result, the island’s population has outgrown its supplies of the mice’s normal food 
sources, including weevils, moths, and seeds. Having already put a dent in insect populations 
on the island, the mice have had to find new food sources. And of all the prey for the mice to 
pursue, albatross and some petrel species appear to be the easiest targets. Albatross nests, 
perpetually warmed by the birds’ body heat, entice mice to burrow into the insulated 
ground below them.  

Petrels’ underground homes are even better: mice simply move in while the birds are 
still there. This gives the mice easy access to the seabird chicks. Albatross chicks, for 
example, are tended by their parents for the first two months after hatching, but then sit 
unguarded in their nests for about seven months as parents travel long distances to find 
food. The parents may only swing by once a week for an hour or two to drop off food for 
their young, so they can’t offer much protection. 

  

https://mousefreemarion.org.za/
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/eap.1642
https://link.springer.com/article/10.1007/BF00443233
https://www.cambridge.org/core/journals/antarctic-science/article/mouse-predation-affects-breeding-success-of-burrownesting-petrels-at-subantarctic-marion-island/738188E74C0785B51AAA6438FD9F3FB0
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It might take a couple of nights of what the ornithologists call “nibbling” to kill a bird. 

Still, mouse predation accounted for about 10 percent of albatross chick deaths in 2015. 
Having never dealt with these attacks in the past, the birds have no defenses. Albatross 
chicks are kept awake all night by the biting and then spend their days exhausted, 
attempting to recover from their injuries. For some petrel species, which are more likely to 
remain near their nests, the stunned parents simply watch the attacks happen.  

In 2020, BirdLife South Africa, a non-profit conservation organization, and the South 
African government will team up to drop poisoned bait via helicopter over every square 
meter of Marion Island in an attempt to kill off the rodents. The poison will be incorporated 
into grain to attract the mice. After eating it, they will die. The remaining poison will degrade 
and wash into the ocean at undetectable levels, says Wanless. If successful, this will be the 
largest island cleared of a damaging invasive mouse population. If it fails, the rodents will 
continue cutting down not just the birds but the whole island’s ecosystem. After the drop, 
the researchers will have to wait two years to know whether their strategy worked. At that 
point, they’ll be able to determine if seabird scalping has ceased and if insect populations 
have rebounded. Until such evidence appears, all the scientists can do is wait. 

 
In 2019 Stephanie Pappas described rampant predation of seabirds on a Marion Island: 

 

Saving a remote island’s birds—by getting rid of its mice 
 

It's an alarming new behavior from the invasive mice, which have long been known to 
attack albatross chicks and eat them alive. The Royal Society for the Protection of Birds 
(RSPB), a charity in the United Kingdom, released the disturbing video on Dec. 5. In the new 
video, a mouse scurries into the nest of a Tristan albatross, brazenly crawling onto the adult 
bird's back and beneath its feathers. The bird turns uncomfortably and tries, apparently 
unsuccessfully, to reach the mouse with its beak.  

“We have known for more than a decade that the mice on Gough Island attack and kill 
seabird chicks,” RSPB field assistant Chris Jones. “While this is already of great concern, 
attacks on adults, which can produce dozens of chicks in their lifetime, could be devastating 
for the populations’ chances of survival. … These gentle giants could now be lost even more 
rapidly than we first predicted.” 

A 2018 study funded by RSPB found that the mice are responsible for wiping out 2 
million seabird eggs and chicks each year. With a ready source of largely defenseless prey at 
hand, the mice have evolved to be 50% larger than the average house mouse. 

 
As disturbing and worrisome as the rodent problem is on other subantarctic islands, perhaps Heard Island 

has its own built-in defenses: maybe it’s just too cold, and lacking any shelter, or maybe the seabirds will take 

care of any incipient rodent population. So far, the rat/mice problem is not reported for Heard Island; the 

author believes that the protective measures maintained by the AAD are necessary and sufficient to prevent an 

invasion by rodents. But of course, the future is yet to happen. … 

 
  

https://www.cambridge.org/core/journals/antarctic-science/article/scalping-of-albatross-fledglings-by-introduced-mice-spreads-rapidly-at-marion-island/58C59257E83ADAC5D46A2AB8CA07F711
https://www.livescience.com/7335-mice-caught-eating-birds-alive.html
https://www.livescience.com/7335-mice-caught-eating-birds-alive.html
https://www.rspb.org.uk/about-the-rspb/about-us/media-centre/press-releases/gough-mice/
https://www.rspb.org.uk/about-the-rspb/about-us/media-centre/press-releases/albatross-chick-death-number/
https://www.rspb.org.uk/about-the-rspb/about-us/media-centre/press-releases/albatross-chick-death-number/
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SECTION 10 ENVIRONMENT 
 

Chapter 28 Ocean 
 

Ocean currents 
 

The Global Conveyor Belt 

 
It is common knowledge that the water in the world’s oceans moves around a set of multi-connected paths, 

sometimes called the Global Conveyor Belt (GCB), shown in FIG. 28.1. It is driven by density differences of 

the water, determined in turn by temperature and salinity. The movement of oceanic water is crucial to the 

transport of nutrients, including to the shores of oceanic islands.  

 

 
FIG. 28.1 The worldwide oceanic conveyor belt. The position of Heard Island is shown inside a magnifier.  

 
Wikipedia provides the following comments on the GCB (edited slightly): 

 
One component of the GCB is the Antarctic Circumpolar Current (ACC), arguably the 

“mightiest current in the oceans”. Despite its relatively slow eastward flow of less than 20 
cm/s in regions between the fronts, the ACC transports more water than any other current. 
It extends from the sea surface to depths of 2000-4000 m and can be as wide as 2000 km. 
This tremendous cross-sectional area allows for the current's large volume transport.  

The eastward flow is driven by strong westerly winds (average wind speed between 40°S 
and 60°S is 15-24 kt). The strongest winds typically are between 45°S and 55°S.  The mean 
ACC temperature ranges from -1 to +5°C, depending on the time of year and location. The 
mean surface salinity decreases poleward, in general, from 34.9 at 35°S to 34.7 at 65°S. 
Typical salinity values are between 33.5 and 34.7 parts per thousand, poleward of 65°S.  
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Ocean fronts and circulation 
 

The Australian Government website displays a page concerning the currents in the Southern Ocean, 

including near Heard Island (http://heardisland.antarctica.gov.au/nature/marine-life/ocean-fronts-and-

circulation). Here we reproduce the page on Ocean Fronts and Circulation.  
 
The northern boundary of the Southern Ocean is defined by the subtropical front (STF) 

which separates warm, salty, subtropical waters in the north from the colder, subantarctic 
waters of the south. 

Within the Southern Ocean, the vast and highly dynamic Antarctic Circumpolar Current 
(ACC) circles the globe and dominates the circulation. This current is driven by the globe’s 
strongest westerly winds between latitudes 45 and 55º S. 

The Antarctic Circumpolar Current is associated with several narrow jets or fronts. These 
frontal regions are characterised by sharp horizontal gradients in hydrographic properties 
(such as temperature, salinity, density, oxygen and nutrients) that mark the boundaries of 
different water masses. 

Three main fronts are continuous features of the Antarctic Circumpolar Current: the 
subantarctic front (SAF); the polar front (PF); and a deep-reaching front observed 
persistently to the south, the southern ACC front (SACCF). 

The path of the Antarctic Circumpolar Current is mainly controlled by bottom 
topography, with major features such as ridges and plateaus acting as barriers that deflect 
and alter the flow. The Kerguelen Plateau is oriented north-west/south-east along the 70º E 
meridian and forms a large topographic barrier to the eastward flow of the Antarctic 
Circumpolar Current. 

The subantarctic front and polar front are effectively merged as they pass to the north 
of the Kerguelen Plateau, while the southern Antarctic Circumpolar Current front is 
deflected around the southern boundary of the Plateau, east of which, it turns northward to 
form a western boundary current along its eastern flank. 

The most important front in the Heard Island region is the Antarctic Polar Front, which is 
typically defined as the northern limit of a temperature minimum of 2ºC at a depth of 100 to 
300 metres. 

The Polar Front is most often located just to the north of Îles Kerguelen, and as a result, 
that island ’s climate and biogeography is distinctly subantarctic. This is in contrast with 
Heard Island which is a typically Antarctic island. 

The Polar Front follows a meandering course and may in some regions split into two 
separate jets, occasionally it may also be displaced to the south of Îles Kerguelen which has 
important implications for the biota and fisheries of the region. 

Generally, the most biologically productive waters in the HIMI region are those to the 
north and east of Heard Island. These areas are high in phytoplankton, which often means 
that they would be areas high in secondary production such as zooplankton and fish. Highly 
productive regions like these are the most important local foraging areas for land-based 
marine predators. 
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Currents near Heard Island 

 
The Australian government provides the following information about the currents in the immediate 

vicinity of Heard Island: 

 
The path of the Antarctic Circumpolar Current (ACC) is mainly controlled by bottom 

topography, with major features such as ridges and plateaus acting as barriers that deflect 
and alter the flow. The Kerguelen Plateau is oriented north-west/south-east along the 70º E 
meridian and forms a large topographic barrier to the eastward flow of the Antarctic 
Circumpolar Current.  

The most important front in the Heard Island region is the Antarctic Polar Front, which is 
typically defined as the northern limit of a temperature minimum of 2ºC at a depth of 100 to 
300 m. The Polar Front is most often located just to the north of Îles Kerguelen and as a 
result, that island’s climate and biogeography are distinctly subantarctic. This is in contrast 
with Heard Island which is a typical Antarctic island. However, the Polar Front follows a 
meandering course and may in some regions split into two separate jets. It may also be 
displaced to the south of Îles Kerguelen which has important implications for the biota and 
fisheries of the region.  

Generally, the most biologically productive waters in the HIMI region are those to the 
north and east of Heard Island. These areas are high in phytoplankton, which often means 
that they would be areas high in secondary production such as zooplankton and fish. Highly 
productive regions like these are the most important local foraging areas for land-based 
marine predators. 

 
 

 

 
FIG. 28.2 Schematic of the Antarctic Polar Front, showing (in this case) the splitting into divergent currents 

around the Heard and McDonald Islands. 
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Ocean transport 
 

For islands, the most important feature is their insularity: by virtue of their isolation, they evolve mostly 

independently, except for relatively minor, and sometimes fateful, interactions that are threshold events. The 

most common events are the transmission of species between islands, the result being movement of 

propagules on the ocean or in the atmosphere. Floating debris provides potential rafting for organisms over 

great oceanic distances. While some of these rafts are clearly anthropogenic (plastic debris, etc.), others just 

as clearly are of completely natural origin. What is centrally important is the flux of biological materials to 

Heard Island. Such objects could well be carrying biological materials that might find a hospitable place to be 

fruitful and multiply.  

The circumpolar current effectively shields the Southern Ocean from debris originating north of the 

Antarctic Convergence. Essentially the current deflects the debris, and the only flux to Heard Island, lying 

below the convergence, is due to relatively slow transverse mixing, or more probably, exceptional 

weather/current events. There is one exception: the island of South Georgia lies at about the same latitude as 

Heard Island, and to its west. Thus, Heard Island is directly downstream of a potentially major source of 

rafting material. Moreover, South Georgia was recently recognized as having very high biodiversity, almost 

2000 marine species, the highest of any location in the Southern Ocean.  

Prof. Eric van Sibble (Univ. New South Wales) has developed a simulation (“Adrift”) of dispersion of 

floating debris from any point in the ocean to any other. The simulation (http://www.adrift.org.au) enables the 

user to select any point on the world map to inject floating debris and then observe the drift of the material 

forward in time.  

We have used this tool to investigate potential sources of debris to Heard Island. FIG. 28.3 shows a 

screen-capture image from the Adrift simulation. The duck symbol represents the point at which plastic debris 

was injected in the ocean. After 8 months the debris is spread out over a swatch 1000 nautical miles wide, 

with the leading edge just arriving at Heard Island. After another 4 months, the swatch is some 2000-nm long, 

heading directly for Heard Island. After another 2 months, this swatch has passed Heard Island, and it begins 

to spread out. The simulation can follow the debris for up to 10 years, but the greatest impact is about 1 year 

after release from South Georgia and the South Sandwich Islands.  

 

 
FIG. 28.3 Distribution of plastic dropped in the ocean at the duck icon and carried by prevailing currents. The 
blotchy red distribution shows that, after 8 months, the debris is statistically distributed around Heard Island, 

a fraction of which could end up on the shoreline.  

  

http://www.adrift.org.au/
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FIG. 28.4 shows simulations of debris transport from three islands: Bouvet, South Georgia, and the 

Falklands. Note that the Falklands debris never does reach Heard Island; rather, it moves up the east coast of 

South America and is distributed at low latitude.  

 
 

 
FIG. 28.4 Distributions of floating debris starting at three locations west of Heard Island. (Top) Bouvet, after 1 
year, 2 months. (Middle) South Georgia, after 1 year, 4 months. (Bottom) Falklands, after 5 years, 2 months.  

 
What about the other subantarctic Islands? Will they contribute to the flux of debris at Heard Island? FIG. 

28.5 shows the locations of these islands (the latitude of Heard Island, 52°S, is shown as the blue circle). The 

time required for debris dropped anywhere in the Southern Ocean to reach Heard Island is shown in the 

colored background. Note that this plot is not a representation of the trajectories of debris– it is a color-coding 

of the time needed for debris starting at one point to reach Heard Island.  

For example, debris dropped in the ocean in the dark blue region will reach Heard Island in 2-4 months. 

Debris originating near South Georgia will take nearly 1 year (as shown above). Debris originating at Heard 

Island itself would take about 5 years to drift completely around Antarctica and return to Heard Island. Even 

more interesting are the white areas in this plot: debris originating in these areas will never reach Heard Island 

(it deteriorates or sinks before getting there).  

Both South Georgia and Bouvet Islands are on the Heard Island latitude, so in principle, both islands could 

contribute debris to Heard Island. However, the latter probably contributes negligibly compared to the former. 

Note also that no other island is on the same latitude as Heard Island, hence other subantarctic island don’t 

contribute to any debris flux at Heard Island. This even includes nearby Kerguelen Island, which is more-or-

less isolated from Heard Island by the prevailing currents. Of course, violent weather can (and does) create 

wind patterns that can (and does) push surface water across flowlines, so it is not surprising to find species on 

Heard Island that likely originated from Kerguelen (e.g., Kerguelen cabbage).  
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van Sibble’s software enables a reverse simulation of the trajectories of floating material: given a starting 

point, how long would it take to reach Heard Island? FIG. 28.5 shows the spectrum of drift times for the 

entire area around Antarctica.  

 

 
FIG. 28.5 Minimum time needed to drift from various grid cells to Heard Island. All white areas > 10 years. 

 
The drifter buoys deployed during the 2016 Cordell Expedition shows the drift times for floaters 

originating in the various subantarctic islands. Note that the entire annular region adjoining the Antarctic 

continent is greater than 10 years, hence Heard Island is effectively unreachable by materials deposited (or 

created) in this region. 

Table 28.1 shows the drift times (to Heard Island) for materials starting in various location.  

 
Table 28.1 Drift times to Heard Island 

Starting location  Drift time 
Balleny → >10 years 

Scott → >10 years 
Kerguelen → 5 years 

Heard (→Heard) → 5 years 
Peter I → 2 years 

South Shetlands → 2 years 
Falklands → 2 years 

South Orkney → 1.8 years 
South Georgia → 1-1.5 years 

South Sandwich → 1 year 
Bouvet → 10 months 

Prince Edward → 6 months 
Crozet → 4 months 
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The NOAA drifter program 
 

The 2016 Cordell Expedition deployed instrumented buoys of two kinds: NOAA drifters and ARGO 

divers. These were deployed on behalf of NOAA (National Oceanic and Atmospheric Administration) and 

WHOI (Woods Hole Oceanic Institution).  

 

The NOAA drifters 

  
FIG. 28.6 The NOAA drifter. (Left) Drawing of a typical drifter. The drogue ensures that the unit moves on a 

trajectory determined by the currents rather than the wind. It also records signals from sensors that are 
passed to the float and transmitted to a satellite. (Right) The NOAA SVP “mini” drifter floating on the surface 

of the ocean, deployed during the 2016 Cordell Expedition. 

 
The NOAA Drifters are freely floating drifting buoys that are deployed in the ocean to 

measure currents. The drifter is composed of a surface float, a tether, and a drogue. The 
tether connects the surface buoy to the subsurface drogue. The drogue is a canvas-covered 
cylindrical frame with holes in it that sits at about 15 m below the ocean’s surface. Because 
the drifter sits at this depth, its movement is influenced by processes occurring in the upper 
15 m of the ocean.  

The surface float contains a battery, instruments that measure temperature, barometric 
pressure, wind speed and direction, and ocean salinity, and a transmitter that relays the 
position of the drifting buoy and data collected by the instruments on the surface float to 
satellites. Data is accumulated continuously for the lifetime of the drifter, much of it, 
including the evolving location of the drifter, to public-accessible websites.  

– – NOAA drifters https://www.aoml.noaa.gov/global-drifter-program/ 

 
  

https://www.aoml.noaa.gov/global-drifter-program/
file:///L:/PICs_Chapter_28_Ocean/FIG. 28.6 NOAA mini drifter rev.jpg
file:///L:/PICs_Chapter_28_Ocean/FIG. 28.6 NOAA drifter image.jpg
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Worldwide distribution 

 
NOAA online charts show the positions of all active (and in archives the inactive) drifters. These charts are 

updated daily. FIG. 28.7 shows three typical charts from different dates.  

 

 
FIG. 28.7 Global positions of NOAA drifters on three specific dates 2006/2016/2019 
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Deployment 

 
During the 2016 cruise from Cape Town to Heard Island, the Cordell crew deployed five NOAA drifters, 

as shown in FIG. 28.8. The buoys were provided assembled and ready to simply drop in the ocean at 

predefined locations.  

 

 
FIG. 28.8 During the 2016 cruise five NOAA drifters were deployed by team member Adam Brown. 

 
Table 28.2 The NOAA drifter buoys deployed during the 2016 Cordell Expedition 

ID Day deployed Date deployed Latitude  Longitude 

145799 13591.53 March 19 00:46:04.8 UT Saturday -49.376 41.987 
145780 13593.09 March 20 14:09:36.0 UT Sunday -50.126 51.996 
145774 13593.73 March 21 05:31:12.0 UT Monday -50.712 55.997 
145789 13594.64 March 22 03:20:09.6 UT Tuesday -52.142 61.004 
145782 13595.20 March 22 16:48:00.0 UT Tuesday -52.451 64.984 

In this table, the time is [days since 1/1/1979 0000 UTC] Thus 13593.73 = 2016-Mar-19 1731 
UTC. An online conversion routine provided by the U.S. Navy was used to compute the dates from 
the day numbers. The locations and temperature data were obtained from NOAA. The data is 
inclusive to early October 2016. [Courtesy, Rick Lumpkin, NOAA]. 

 

 
FIG. 28.9 Locations at which the NOAA drifters were deployed. The data for the buoys are given in Table 28.2. 
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Short-term trajectories 

 
FIG. 28.10 shows the early trajectories  (about 150 days) of the five NOAA drifters.  

 

 
FIG. 28.10 Initial trajectories of the five NOAA drifters 

 

The trajectories show a variety of interesting features: 

 
 Generally, the drift is eastward, but every unit moves north at a very rough rate of about 1°N/5°E. 

 Loops are common. Three trajectories show localized “knots” where the drifter moved very little. 

 Drifter 145799 was picked up off the northern tip of Madagascar and taken to Reunion Island 

before April 2019. 

 Drifter 145780 shows a series of roughly equally spaced peaks, etc., northward excursions. It was 

beached on Kings Island, Tasmania before April 2019. 

 Drifter 145774 passed safely between Australia and New Zealand. 

 Drifter 145789 approached Kerguelen Island but was not stranded; it went around to the south. 

 Two drifters (145789, 145782) converged on the same large area. 

 
Two drifters (149774, 145799) showed rather large (10-30 km) swings north while continuing their 

eastward drift.  

 

 
FIG. 28.11 The tracks of two drifters. (Left) Drifter 149799. (Right) Drifter 149774. 
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The trajectory of Drifter 145280 is shown in four frames in FIG. 28.12. The fact that many of the 

observed small circular motions are counterclockwise is significant. In the southern hemisphere, large-scale 

cyclonic winds are clockwise. However, a large storm might be expected to shed numerous smaller counter-

rotating (counterclockwise) vortices. 

(Upper left) The drifter followed a rather systematic track. It moved along a fairly smooth arcing 

trajectory, going north for about 600 km, then swung southeast. The most interesting features are the series of 

northward peaks, each about 1° in latitude, or about 110 km, superposed on the overall trajectory. We can see 

perhaps eight of these peaks during of the drift (about 150 days), so the period is approximately 150/7 = 20 

days. The markers are at the positions of the peaks.  

(Upper right) Detail of the rectangular area in the previous frame. The drifter moves in several 

counterclockwise loops, eventually moving off to the east.  

(Lower left) Detail of the lower marked square in the second frame. While moving generally northward, 

the drifter moved in a series of counterclockwise loops, but these loops were flattened by the northward drift. 

(Lower right) Detail of the upper marked square in the second frame. The drifter enters from the north 

and executes a series of five counterclockwise loops, finally exiting to the south. This series occurred at the 

top of one of the peaks, but such a series is not seen on the other peak.  

 

 

 
FIG. 28.12 Details of the trajectory of drifter 145780. See text for descriptions. 
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Drifter 145789 moved directly toward Kerguelen Island, but was deflected to the south and passed rather 

close to the southern coast, as shown in two frames in FIG. 28.13. 

(Left) shows that it went on a meandering loopy trajectory, passing Kerguelen on the way.  

(Right) shows that it moved to just west of Kerguelen and was driven shoreward. About 25 km offshore its 

eastward drift was halted, After some hesitation and random movements, it was carried south around the 

island, always about 20-25 km offshore. The closest approach was less than 5 km offshore, when it 

encountered the Jeanne d’Arc Peninsula.  

 

 
FIG. 28.13 The track of Drifter 145789. (Left) Passage by Kerguelen Island. (Right) Detail (rectangle) of the 

passage. See text for descriptions. 

 
Drifter 145782 moved in a trajectory similar to 145789: generally northeast, then switching to the 

southeast and executing a series of meanders, as shown in FIG. 28.14. 

(Left) The trajectory of this buoy was similar to that of Drifter 145789 (above).  

(Right) shows that for about 18 days (24 May – 11 June 2016) it was relatively becalmed, during which it 

circulated in a series of tight (counter-clockwise) loops within an area about 30 km in diameter Presumably 

the knot of loops was produced by a passing storm.  

 

 
FIG. 28.14 The track of drifter 145782. (Left) Overall. (Right) Detail (square). See text for descriptions. 
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The long-term motion of the drifters can be very complicated. FIG. 28.15 shows the trajectory of Drifter 

145782 in January-April 2019.  

 

 

 
FIG. 28.15 The complex trajectories of the drifters are predominately driven by the wind. Locally, they are 

sometimes retrograde to the long-term drift. 
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Temperatures 

 
The NOAA drifters recorded the temperature as well as position. FIG. 28.16 shows the trajectories with 

color-coded temperatures [°C]. The obvious decrease of temperature with increasing (southern) latitude is 

modified by the mesoscale fluctuations, probably indicating mesoscale-scale eddies.  

 

 
FIG. 28.16 Temperature measured along the trajectories of the NOAA drifters. 

 
Individual temperature records as a function of time for two drifters are shown In FIG. 28.17.  

 

 

 
FIG. 28.17 Temperatures (°C) measured by two drifters. (Upper) 145799. (Lower) 145782. 
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Long-term trajectories 

 
Over the period 2016-2019, the drifters continued to move with the currents. FIG. 28.18 shows the 

trajectories through March 2019, which is three years after deployment.  

 

 
FIG. 28.18 Long-term (2016-2019) trajectories of the five NOAA drifters. These trajectories are in broad (but 

not detailed) agreement with the ocean conveyor belt shown in FIG. 28.1. 

 
 

FIG. 28.19 shows idealized (highly smoothed) trajectories of the NOAA drifters, as of March 2019. By 

September, 2021, apparently all five buoys were inoperative.  

 

 
FIG. 28.19 Idealized representation of the long-term (2016-2019) trajectories of the NOAA buoys. Apparently, 

by Sept. 2021 all five buoys were inoperative. 
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Drifter 145799 traveled toward the western Australian coast but reversed and drifted to the western tip of 

Madagascar. Apparently, it was picked up 16 Apr 2019, about 50 miles off the coast, and carried back to 

Reunion Island, where it was put in the backyard of a house. The transmitter was still working as of April 

2019.  

 

   
FIG. 28.20 Drifter 145799 final location on Reunion Island (details at right) 

 
Drifter 145780 followed along with the other three drifters, but as it approached Tasmania it was deflected 

north and landed on Kings Island. As of April 2019, it was on the beach, but since there is a golf club nearby, 

it’s entirely possible that it was found and transported elsewhere. The transmitter was not working in April 

2019.  

 

  
FIG. 28.21 Drifter 145780 final location on Kings Island, Tasmania (detail at right) 

 
Drifter 145789 passed to the south of New Zealand and then continued its eastward drift. It made a close 

pass by Chatham Island and executed a looping right turn, from which it continued south.  

 

  
FIG. 28.22 Drifter 145789 deflected by Chatham Island and continuing south (detail at right) 

 
Drifter 145774 passed between Australia and New Zealand. It was still in the open ocean as of March 

2019. Drifter 145782 drifted steadily eastward and was still in the open ocean as of March 2019.  
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The ARGO diver program 
 

The diving buoys 

 
During the cruise from Cape Town to Heard Island, the Cordell crew deployed five ARGO diving buoys, 

as shown in FIG. 28.23. The buoys were provided assembled and ready to simply drop in the ocean at 

predefined locations.  

 

  
FIG. 28.23 The ARGO fiving buoys. (Left) Arrangement of the buoys, produced and supported by the Woods 

Hole Oceanographic Institution. (Right) The cyclic operation of the buoys. 

 
 

 
FIG. 28.24 Global positions of ARGO buoys on 7 July 2020 
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2016 Deployment 

 

 
FIG. 28.25 Five ARGO diving buoys were deployed by Adam Brown during the 2016 Cordell cruise. 

 
Table 28.3 The ARGO diving buoys deployed during the 2016 Cordell Expedition 

ID Number Metadata Date deployed * Latitude Longitude 
1901810 7321  6477_007321.meta 14 March 2016 2457462 -43.3 25 
1901812 7325  6479_007325.meta 15 March 2016 2457464 -47.4 32 
1901811 7323  6478_007323.meta 18 March 2016 2457466 -50.0 47 
1901813 7327 6480_007327.meta 19 March 2016 2457467 -50.4 54 
1901809 7320  6476_007320.meta 19 March 2016 2457468 -50.9 57 

*Parameter not identified 

 

 
FIG. 28.26 Locations at which the ARGO buoys were deployed. The data for the buoys are given in Table 28.3. 

Note that the buoys have both an “ID” and a “Number”. 

  

http://argo.whoi.edu/wmo/1901810.html
http://argo.whoi.edu/wmo/1901812.html
http://argo.whoi.edu/wmo/1901811.html
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Trajectories 

 

FIG. 28.27 shows the trajectories in relation to Antarctica  

 

 
FIG. 28.27 Trajectories (2016-2019) of the five ARGO diving buoys. The plots are in the order on this page that 
the bouys were deployed in the ocean. These trajectories are in broad (but not detailed) agreement with the 

conveyor belt shown in FIG. 28.1. 
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Chapter 28 OCEAN ⃝ Page 642 

Dive cycles 

 
As shown in FIG. 28.23, the ARGO buoys descend and ascend in a “dive cycle.” The cycles are counted 

and the positions of the buoys while on the surface are recorded. FIG. 28.28 shows the trajectories color-

coded with the cycle number.  

 

 

 
 

FIG. 28.28 Trajectories with the numbers of some (but not all) dive cycles. The plots are in the order that the 
buoys were deployed in the ocean. The number of cycles is indicated by the color code at right. For buoy 

1901813 Heard Island is outside the area of movement of the buoy; it is approximately located in the circle at 
the arrowhead (not part of the table). 
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Depths 

 
The ARGO divers collected many types of data, including an essentially continuous record of the bottom 

depths. FIG. 28.29 shows the depth records through January 2019 for all five divers. It is instructive to 

compare these profiles with the trajectories across the Kerguelen Plateau (FIG. 28.30). 

  

 

 
FIG. 28.29 Bottom depths recorded by all five divers through 16 Jan 2019.  
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Trajectories near the Kerguelen Plateau 

 
The ARGO diving buoys drifted eastward across the Southern Ocean, eventually encountering the 

Kerguelen Plateau. All five buoys followed trajectories that actively avoided the relatively shallow 

topography of the Plateau (FIG. 28.30). Around the Plateau, the seafloor is at depths around 4000 m. Buoys 

7321 and 7325 passed north of the Plateau, staying in water deeper than 4000 m. Buoy 7327 was stopped as it 

encountered the Plateau rising to less than 600 m. Buoy 7323 was deflected around the north edge of the 

Plateau. Buoy 7320 was deflected far south, around Elan Bank, and then directly through the deep (2200 m) 

canyon between the Central Plateau and the Southern Plateau. These trajectories clearly show that the buoys 

actively avoided the relatively shallow plateau, passing only through very deep water, carried by deep 

currents.  

 

 

 
FIG. 28.30 Trajectories of the ARGO diving buoys. (Upper) All trajectories. (Lower) Detail showing that Buoys 
7320 and 7323 actively avoided shallow water over the Plateau, and instead remained in deeper water at the 

edge of the plateau and through the channel between the Middle Plateau and the South Plateau. 
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Chapter 29 Atmosphere 
 

Southern oceanic winds 
 

Like the global circulation of the oceans, the atmosphere has global circulation patterns. High-resolution 

images of the winds are available online. FIG. 29.1 shows wind patterns on the same dates one year apart.  

 

 
FIG. 29.1 Winds in the southern latitudes. (Upper) 10 Nov 2019. (Lower) 10 Nov 2020. The scale of the wind 

speed [m/s] is shown at the top.  
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A polar view of the winds reveals their circulation around the South Pole. Patterns like these exhibit the 

proclivity of the circular weather system to form low-order polygons, particularly hexagons.  

 

 
FIG. 29.2 Satellite view of the South Polar winds 2014/2016 

 
Hexagons appear in other places in Nature. For instance, when you rotate a liquid, particularly a boiling 

liquid, inside a container, under certain conditions the inner part takes the shape of a hexagon. With water, the 

shapes appear at about 7 rpm: first a triangle, then a square, then a pentagon, and finally a hexagon. 

Something similar is found on the planet Saturn: Saturn’s north polar hexagon is one of the largest and most 

recognizable hexagons in Nature (FIG. 29.3). The sides of the hexagon are about 14,500 km long, which is 

about 2,000 km greater than the diameter of Earth, and 300 km high. It is a jet stream made of atmospheric 

gases moving at 320 km/h. It rotates with a period of 10h:39m:24s, the same period as Saturn's radio 

emissions from its interior. The hexagon does not shift in longitude. 

 

 
FIG. 29.3 The hexagon around the north pole of Saturn 
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FIG. 29.4 shows some examples of hexagons in nature and industry (clockwise from upper left). 

 
 Carbon has a molecular structure of a hexagon with carbon atoms at each corner. 

 Honeycombs are made with circular units; the wax hardens into hexagonal cells. 

 Snowflakes reflect the internal order of the water molecules as they freeze. 

 Bubble rafts are arrays of bubbles close-packed together.  

 Wooden pencils have a hexagonal shape to give maximum holding comfort between the fingers. 

 Bolt heads and nuts use a hexagonal shape because the tool edges find it easier to grip them. 

 

 
FIG. 29.4 Some familiar hexagonal objects. (Clockwise from upper left) carbon (graphite), honeycomb, 

snowflakes, bubble raft, pencils, bolt/nut. 

 
While the appearance of a hexagon in nature may seem surprising, it is more common than one might 

imagine. One of the reasons is that the hexagon is the shape that fills a plane with equal size units and leaves 

minimal wasted space. Hexagonal packing also minimizes the perimeter for a given area because of its 120-

degree angles. In hexagonal physical systems, the pull of surface tension in each direction is most stable.  

An even simpler explanation is that the circumference of a circle is 2 pi = 6.28, which is close to 6. If you 

make an array of six circles around a central circle and squeeze them together, they become hexagons: 

 

 

 
 

 

Simple geometry shows that, if the radius of the circles is R and the side of the hexagon is S, then they 

have equal areas if 

 

2
1.100

3 3


 S R R . 
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Weather near Heard Island 
 

Given that there are so many examples of hexagons in nature, it is not surprising that we find one in the 

circum-Antarctic winds. FIG. 29.5 is a chart of the synoptic weather around the South Pole. It clearly shows 

some of the (presumed) hexagonal structure of the winds. Note the anticyclone (H=high pressure) just to the 

NE of Heard Island. In the southern hemisphere winds in this region circulate counterclockwise around its 

center, while winds in the L=low pressure regions circulate clockwise. Thus, at 0600Z 12 Dec 1948, the local 

winds at Heard Island were from the NW. The report by Gibbs, et al. (1951), contains daily charts for June 

and December, 1948. 

 

 
FIG. 29.5 Ocean analysis at 0600Z 12 Dec 1948 

 
During the 2016 Cordell Expedition, the vessel Braveheart kept a close watch on the weather, finding it 

necessary to change the anchorage, schedule, and/or position in response to incoming fronts. Predictions were 

also valuable to the scientific team for planning operations.  

FIG. 29.6 show charts of the synoptic weather around Heard Island for three days during the 2016 

expedition. The charts are for 0600 hr. on 27/28/29 March 2016. The movement of the highs and lows is easy 

to discern in these plots. Two low-pressure centers are starting to form in the upper left and move toward the 

east and southeast. The circulation around these centers is clockwise (in the southern hemisphere).  
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FIG. 29.6 Synoptic weather plots in the vicinity of Heard Island (red siting target) on 27/28/29 March 2016 

  

file:///L:/PICs_Chapter_29_Atmosphere/FIG. 29.6 Synoptic weather 27, 28, 29 Mar 2016 Linked3x.jpg:/_BOOK_Heard_Island/____HD_BOOK_draft/___pictures/P10_C27/P10_C27 Originals fullsize/Synoptic weather 27, 28, 29 Mar 2016 Linked3x.jpg


 

Chapter 29 ATMOSPHERE ⃝ Page 652 

Weather on Heard Island 
 

Table 29.1 lists the monthly averages of temperatures [Wikipedia] 

 
Table 29.1 Climate data for Heard Island, 12 m asl (1981–21 normals) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Record high °C (°F) 20.1 18.0 19.9 20.4 19.3 14.0 15.0 15.4 16.8 16.4 14.6 19.2 20.4 

Daily mean °C (°F) 4.7 4.8 4.6 3.6 2.2 0.9 .05 0.4 0.5 1.5 2.4 3.8 2.5 

Record low °C (°F) -0.5 0.2 -1.7 -2.9 -4.8 -7.2 -6.2 -11.5 -8.6 -7.1 -6.2 -0.7 -11.5 

 
Fig. 29.7 plots these temperatures. 

 

 
FIG. 29.7 Average monthly  temperatures on Heard Island 

 
 

Weather is usually the most important issue for visitors to Heard Island. Naturally, visitors are often 

moved to describe it: 

 
1932 Constant wind… 

 
Heard Island is seldom relieved from the torment of constant wind, the effect of which 

is to greatly reduce the abundance and variety of vegetation as compared with that of 
Kerguelen Island. Here the most prominent elements of the vegetation are tussock grass in 
low sheltered localities and a striking development of cushions of Azorella in more exposed 
places. So constant however is the wind that large areas of the exposed ground are without 
any vegetation whatsoever.  

– – Mawson, 1932 
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Chapter 29 ATMOSPHERE ⃝ Page 653 

1947 Wind 105 mph … 

 
Odd pieces of timber, Masonite, and empty wooden boxes were picked up by the wind 

and hurled across the flat [=Nullarbor] towards Corinthian Bay. From the rec. hut windows, a 
float off the wrecked plane was observed sailing through the air. An empty drum was rolled 
half a mile across the flat. 

At night the wind swung round to SSW. At 10:35 p.m. the most powerful gust hit the 
camp area, tearing at the roofs, straining windows. Those watching the anemometer pen-
arm feared it would jump the chart. It ended just below the edge– 105 m.p.h. The buildings 
took the strain, but the wind continued to blow at hurricane force. Just past midnight, 
another gust reached 101 m.p.h. The wind dropped with the morning light. The skies 
cleared… 

– – Arthur Scholes, Fourteen Men, p. 158 

 
1947 Cyclones … 

 
The prevailing wind at Heard Island was westerly. The approach of any cyclone was 

accompanied by a wind shift to the NE or NNE. A slight rise in temperature followed, with 
steady falls of snow or rain, according to the time of the year. If the center of the cyclone 
passed north of the island, the wind would veer to the ENE. A north-easterly gale followed, 
accompanied by thick snowfalls. If the cyclone passed south, the south-westerly gales came 
screaming in. Whichever way the cyclone passed, the camp was assured of sweeping gales 
or blizzards. In the center of a cyclone there is a comparatively calm region, only a few 
square miles perhaps, which the meteorologists call “The Eye.” Sometimes after a blow 
there would be a calm, windless period of two or three hours round the camp. The 
barograph stopped diving and levelled off while the eye passed. The air seemed warmer, but 
no birds could fly without the wind. They walked round the beach or floated on the still 
waters of the Cove. The barograph began to rise, and then you could expect a sweeping 
wind. Sometimes three of four of these cyclones were recorded in a single week. In the 
middle of the passage of one cyclone in June, a radiosonde balloon was followed to a height 
of 100,600 feet by the signal receiver. This was double the normal height of a flight. … 

– – Arthur Scholes, Fourteen Men, p. 158 

 

1963 Weather … 

 
Hail on two days 
Snow on eight days 
Mist on nine days 
Dust storm on one day 
Fog on nine days 
Rain on thirteen days 
Drizzle on six days 
– – Grahame Budd, “The weather in February 1963” 
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Wind speed and direction 

 
FIG. 29.8 shows measurements of wind speed and wind direction on Heard Island in 2000. These are 

frequency functions: the number of times a given speed (arbitrary units) and direction (1° intervals) was 

recorded. The lower panel shows the correlation between wind speed and wind direction. 

 

 

 

 
FIG. 29.8 Wind at Atlas Cove 2000. (Top and middle) Number of times wind speed and directions [in compass 

degrees, 0-360°]were recorded. (Bottom) Numbers of observations of wind speed vs. wind direction.  
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FIG. 29.9 shows the wind speed and direction measured during the 2016 Cordell Expedition (March-

April). The missing data (zeros on the plots) probably was due to jamming of the wind vane, since the other 

data shows no discontinuity. The bottom panel shows much the same asymmetric distribution as observed in 

2000. This suggests the possibility that a parametric model could simulate this function and potentially 

suggest a dynamic model.  

 

 

 

 
FIG. 29.9 Wind at Atlas Cove March-April 2016. (Top) Realtime observations of wind speed [m/s]. (Middle) 

Realtime observations of average wind direction (direction in true compass degrees, – 180°/+180°). Both the 
Top and Middle plots are over the time interval 0000 25 Mar 2016 – 2350 13 Apr 2016. (Bottom) Correlation 

between wind speed and wind direction. 
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Closely related to the wind speed/direction correlation shown above, the correlation of headwind and 

crosswind speeds is of interest. FIG. 29.10 shows real time wind measurements by the Cordell Expedition at 

Atlas Cove during March-April 2016.  

 

 

 

 
FIG. 29.10 Real time wind measurements at Atlas Cove March-April 2016.  The horizontal axis is the (Top) 

Headwind H (blue) and crosswind C (red) speed [m/s]. (Middle) Difference between the directions of 
headwind and crosswind (units in compass degrees, – 15°/+20°). (Bottom) Speed of the wind, computed as the 

root-mean-sum of the wind H and crosswind C, i.e., (√(H
2
+C

2
). All three plots are over the time interval 0000 

25 Mar 2016 – 2350 13 Apr 2016. 
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FIG. 29.11 shows wind vectors (speed and direction) for a set of measurements in 2000 and in 2016. The 

obvious difference is that the former is largely symmetric while the latter shows a marked asymmetry. In the 

next section, we present a hypothetical model that is consistent with the observations.  

 

 

 

 
FIG. 29.11 Wind vectors. (Upper) 2000. (Lower) 2016. The vectors give the direction and magnitude of wind 
measurements. Enough measurements were taken in each case to give a reasonable statistical distribution. 

The asymmetric distribution informs a heuristic model for the wind at the ANAREstation  at Atlas Cove. 
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Vortex winds 

 
Vertical-axis vortices 

 
We present here a very simple (but possible) explanation for the structure in the wind vectors (FIG. 29.11 

Lower), based on the topography of Laurens Peninsula. The core idea is that the peninsula modifies wind 

fronts by creating vertical–axis vortices which pass over the campsite, generating preferred directions for the 

wind. As the vortices pass, the direction of the wind at the ANARE station changes by 180°.  

To develop this model, we replot (see FIG. 29.12) the wind vectors without the arrow shafts, as points at 

the location of the arrowheads. Note the green target (midline slightly below center), which is the point of 

observation (the ANARE station at Atlas Cove). This plot helps us visualize the azimuthal structure in the 

wind pattern. If we take a bit of artistic license, we can draw a border around the distribution (red curve), 

including the majority of the points.  

 
FIG. 29.12 Wind vectors 2016. The points (crosses) are at the locations of the arrowheads in the vector plot in 

FIG. 29.11 (Lower).  The grid is in arbitrary units. 

 
In this figure, there is a suggestion of four major “arms,” and possibly some minor arms. In other words, 

the wind seems to appear to come predominantly from four directions, which are very roughly orthogonal: 

SE, SW, NW, and NE. The challenge, then, is to account for this roughly four-armed X-shaped wind vector 

distribution, i.e., The offset of the ANARE station from the center of the arms is assumed due to an overall 

constant wind.  

As part of the circum-Antarctic circulation, the wind at Heard Island comes predominantly from the West. 

The wide and high Laurens Peninsula divides the west wind, so it comes to Atlas Cove from either the NW or 

the SW, with minor parts coming directly over the Peninsula (cf., next section). Thus, wind comes from NW 

with the Peninsula on its right and from the SW with the Peninsula on its left. We postulate that when the 

wind flows along a high steep cliff such as Laurens Peninsula, drag on the cliff will create vertical-axis 

vortices. The vortices will be clockwise or counterclockwise, depending on the position of the cliff relative to 

the wind. Wind from the NW will generate vortices rotating clockwise (viewed from above), while wind from 

the SW will generate vortices rotating counterclockwise. The vortices will be carried along with the 

prevailing wind, eventually reaching Atlas Cove. When these vortices reach the ANARE station, they modify 

the local wind vector. The local perception will be relatively rapidly modifying wind direction, possibly with 

complete reversals on short time scales (minutes).  
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Laurens Peninsula is a steep-sided high monument, whereas the slope of Big Ben is relatively gentle and 

low in the vicinity of Atlas Cove (the Nullarbor covers an area larger than the presumed vortex dimensions). 

Thus, it is not unreasonable that winds coming from the NW would “scrape” their right side (viewed from 

above in the direction of motion) on the peninsula and be deformed into clockwise circulation. Similarly, the 

SW winds would “scrape” their left side on the peninsula, deforming the flow into counterclockwise 

circulation. The relatively low-lying slopes of the Azorella Peninsula and the apron of Big Ben would not 

disrupt these vortices. The directions and rotations of the two kinds of vortices are shown in FIG. 29.13.  

 

 
FIG. 29.13 Vortices produced by winds passing Laurens Peninsula 

 
Now consider what happens when one of these vortices approaches the ANARE station (and is sensed by 

the weather instruments at the expedition encampment nearby). This is diagrammed in FIG. 29.14. We 

neglect the other two cases (winds from the NE and SE), since the predominant winds are from the west, not 

the east. 

First, suppose the vortex approaches from the NW. As it approaches the ANARE station (blue), the leading 

edge will be felt as wind to the SW. As the center of the vortex reaches the ANARE station (green), the wind 

will die down (“the eye of the hurricane”) and it will be relatively calm at ANARE. As the vortex passes the 

station (red), the wind on the trailing edge will shift to the NE. Thus, the wind measured at ANARE due to the 

vortex will be SW/0/NE, in that order. 

Second, suppose the vortex approaches from the SW. As it approaches the ANARE station (blue), the 

leading edge will be felt as wind to the NW. As the center of the vortex reaches the ANARE station (green), 

the wind will die down (“the eye of the hurricane”) and it will be relatively calm at ANARE. As the vortex 

passes the station (red), the wind on the trailing edge will shift to the SE. Thus, the wind measured at ANARE 

due to the vortex will be NW/0/SE, in that order. 

  

file:///L:/PICs_Chapter_29_Atmosphere/FIG. 29.13 Wind_model_01 wind approach.jpg


 

Chapter 29 ATMOSPHERE ⃝ Page 660 

 

 
FIG. 29.14 Vortex winds at the campsite. (Left) NW winds. (Right) SW winds 

 
To the extent this picture is roughly correct, the predicted predominant directions of the winds at the 

ANARE station emerge (FIG. 29.15). To emphasize that this model seems to predict the observed four-lobed 

azimuthal distribution, we show the arrows inside the observed distribution. Again, the sequence for both NW 

and SW winds, as the vortex passes ANARE, the wind shifts first to the blue direction, then to zero, then to 

the red direction. Clearly, the figure shows that in both cases the wind at ANARE first is to the west, then 

zero, then to the east. If vortices arrive from both the NW and the SW, the 4-lobed pattern is produced.  

 

 
 

FIG. 29.15 Model predictions and the 2016 observations of wind directions. NW=wind coming from the 
northwest, SW=wind coming from the southwest. 

 
This model could be criticized on the basis of uniqueness: perhaps other scenarios could predict the 

observed wind vector distributions. The author freely admits that we made a rather violent simplification of 

the data, although the multi-lobed structure of the distribution does seem real and needs an explanation. 

Another weakness of this model is that the size distribution of the vortices is not known, nor is it easily 

predictable. We have assumed a vortex diameter of the order of Atlas Roads (the entrance to Atlas Cove) for 

NW winds and of the West Bay for SW winds (ca. 1 km). The name “Windy City” that appears on the map is 

an indication that that area may define a characteristic dimension for the vortices.  

Despite its limitations, the fact that this simple model qualitatively predicts the observed wind vector 

distribution seems to strongly suggest that there is some truth in it.  
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Horizontal-axis vortices 

 
In the previous section, we considered the result of the predominant wind coming from the NW and SW. 

We found that the result of encountering Laurens Peninsula is the generation of propagating vertical-axis 

vortices that can reach the ANARE station at Atlas Cove. These vortices produce wind distribution patterns in 

broad agreement with observations. 

In this section, we consider what will happen when the wind comes across the top of the Peninsula, and we 

will find that it, too, generates vortices with horizontal axes.  

Generally, when a very slow-moving fluid encounters an obstacle, it merely parts and goes around it, 

coming together again on the other side. This applies to both gases and liquids (e.g., the atmosphere and the 

ocean). But when the velocities increase, nonlinear behavior grows, and the flow breaks up into pieces: 

vortices, turbulence, etc. This behavior is generally described in terms of a dimensionless quantity called the 

Reynolds Number, which is defined as Re = ρuL/μ, where ρ=density, u=velocity, L=characteristic length, and 

μ =dynamic viscosity. When Re is larger than some thousands, the flow is unstable, becoming turbulent as Re 

increases further. Examples of nonlinear fluid flow are common; one observed by the author on Heard Island 

is illustrated in FIG. 29.16. It was described in the author’s book VKØIR Heard Island, 1997. 

 
After several hours, I retired to my bunk, leaving the group still joking and yelling and 

smoking cigars. Sometime during the night an absolutely amazing thing happened. There 
was a distant rattle of sheet metal, a piece of the ANARE buildings banging vigorously. A few 
moments later, I heard the swish of wind in the antennas at the edge of our village. The ... 
ang! A violent gust of wind struck the shelter, and for 15 seconds, everything rattled 
violently. Then it stopped abruptly, and we heard the wind swish in the antennas on the 
other side of the village, and a bang as it struck the radio tent up the hill.  

Then all was quiet. For about 4 minutes. Suddenly, rattle-swish-bang-swish-bang! And 
quiet again. Over and over this pattern repeated, with a period of about 4 minutes. I 
estimated the speed of the wavefront at about 100 ft/sec. It could not be [simply] linear 
wavefronts, I realized; it must be vortices. Hit by high winds, the Laurens Peninsula was 
shedding vortices! These rotating structures are produced when a fluid flows around an 
obstacle, if the conditions are just right. Like whirlwinds, they move across the ground 
relatively slowly, but carry a wallop in their high cyclonic winds. “The mountain is shedding 
vortices,” I remarked to myself, and drifted off … 

 

 
FIG. 29.16 Horizontal-axis vortices generated by winds cresting Laurens Peninsula and their propagation across 

Atlas Cove. 
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Other nonlinear wind effects could be present on Heard Island, including Katabatic and Foehn winds. A 

Katabatic wind carries high-density air from a higher elevation down a slope under the force of gravity. It 

originates from radiation cooling of air atop a plateau, a mountain, glacier, or even a hill. Since the density of 

air is inversely proportional to temperature, the air will flow downwards, warming approximately 

adiabatically as it descends. The temperature of the air depends on the temperature in the source region and 

the amount of descent. However, the author’s observation in 1997 described above was not this process (it is 

not periodic).  

Another effect is Foehn winds, which is a rain shadow wind that results from the subsequent adiabatic 

warming of air that has dropped most of its moisture on windward slopes. The air on the leeward slopes 

becomes warmer than equivalent elevations on the windward slopes. This also is not what the author observed 

in 1997 (the vortices did not involve heated air).  

In summary, Laurens Peninsula appears to generate both vertical and horizontal axis wind vortices, 

principally by dragon one side of a flow, as shown schematically in FIG. 29.17. This is quite reasonable, 

although it does require relatively special conditions.  

 

 
FIG. 29.17 Three sources of vortex winds generated by Laurens Peninsula and observed at the ANARE station 
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Temperature 
 

Probably every group that visits Heard Island takes the temperature. Research groups take a lot of 

temperatures. Over the years, these records have accumulated, allowing observation of the long-term 

variation. FIG. 29.18 shows monthly average temperatures for two intervals: 1948-1954 and 1997-2001. The 

data show an almost perfect sine wave, with peaks in January (the summer) and dips in August (the winter). 

There is, however, one rather intriguing feature: many of the peaks and dips are double-peaked: just as the 

temperature is about to reach its maximum (minimum), it takes a brief swing down (up). The cause of this 

effect is not known (to the author).  

 

 

 

 
FIG. 29.18 Average monthly temperature at Atlas Cove. (Upper) Feb. 1948– Nov 1954. (Lower) Apr 1997– Jan 

2011. 
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Temperature [Atlas Cove March/April 2016] 

 
During the 2016 Cordell Expedition, temperature records were taken at five locations: the weather station 

at the campsite (about 100 m SE from the ANARE station), and in four locations distributed around Atlas 

Cove, using the instruments shown in FIG. 29.19. The Kestrel instrument is referred to as VKØEK; the 

others are HOBO sensors. 

     
FIG. 29.19 The weather instruments used on the 2016 Cordell Expedition 

 
FIG. 29.20 shows plots of the temperature recorded by the five instruments. Interestingly, three of the 

probes track rather accurately together, giving confidence in the data. However, there are two notable 

exceptions: Probe XX (green track) made several very noticeable swings far from the other probes, either 

much lower temperature or much higher. These swings could have been due to physical disturbance of the 

probe. Probe YY (purple track) made one swing to higher temperature than the other probes early in the stay 

on the island, including one spectacular spike off-scale. It is believed this was an instrumental perturbation. 

 

 

 
FIG. 29.20 Temperature vs time. (Upper) The VKØEK weather station. (Lower) Four HOBO sensors. 
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Wind chill [Atlas Cove March/April 2016] 

 
One of the plots in FIG. 29.20 (HOBO Logger_02_244_0678) is shown separately in FIG. 29.21. An 

interesting feature is the sharpness of the spikes. 

 

 
FIG. 29.21 Temperature vs time for Logger_02_244_0678 

 
The scale in the plot above is 30°-70°F; the temperature apparently never dropped below about 35°F. This 

was, of course, consistent with the fact that the team never observed it to be freezing. However, for the team, 

the wind chill made it seem like the temperature was freezing and below. 

Windchill is the temperature perceived when there is wind. It is typically given by the standard formula 

(the 2001 NOAA Standard Wind Chill Index). 

 

  0 1635 74 0 6215 35 75 0 4275 .
 . .    .   .  ,

WC
T T T V     

 
FIG. 29.22 shows the wind chill for the temperature data in FIG. 29.21. This plot was calculated using the 

wind speed data in FIG. 29.9. Unlike the actual temperature, the wind chill often dipped below freezing, 

which was obvious to the team.  

 

 
FIG. 29.22 Windchill vs. time for Logger_02_244_0678 
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One of the 1953 ANARE team members, John Bechervaisee, recorded his feelings about the temperature 

(29 June): 

 
Possibly this has been the coldest day I have ever experienced. Not on account of low 

temperature (which did not fall below 23°F) but the fierce, malicious wind. Hard ice clung 
tenaciously in dry patches to floors. Soap froze to dishes; [finger]nail [brushes] and 
toothbrushes were stiff; the air was filled with fine gleaming crystals penetrating from 
undiscoverable crevices. Mats and towels stiffened like boards. Scarcely any water remained 
liquid. Even with the Kerotherm [a kerosene-fired hot-water system] burning, every pipe in 
the bathroom except the hot-water outlet froze solid.  

– – Hince, Unique & Unspoilt: The 1953 Journals of John Bechervaise, p. 101 

 

Barometric pressure [Atlas Cove 1997-2011 and 2016] 

 
Many automatic weather stations have been deployed at Heard Island. FIG. 29.23 shows two typical 

records: Mean monthly averages 1997-2011 and a continuous real-time record 2016. To make comments 

about these data it would be necessary to have more information about their origins.  

 
 

 
 

 
FIG. 29.23 (Upper) Barometric pressure at Atlas Cove 1997-2011. (Lower) Real-time barometric pressure at 

Atlas Cove 0000 hrs 25 March 2016 – 2350  hrs 10 April 2016. 
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Correlations 
 

Temperature vs. barometric pressure [Spit Bay 1995-2003] 

 
During 1995-2003, the AAD operated an automatic weather station at 53°06'30"S, 73°43'21"E, near the 

water tank shelters at Spit Bay. FIG. 29.24 shows the raw data and correlation functions between pressure 

and temperature.  

 

 

 
FIG. 29.24 Atmospheric measurements at Spit Bay 1995-2003. (Top) Air emperature [°C]. (Middle) Barometric 
[hPa] pressure. (Bottom left) Correlation between pressure [hPa] and temperature. (Bottom right) Two details 

of the data at left showing the essentially uncorrelated variations in the pressure and temperature. 
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Temperature vs. Humidity [Brown Glacier 2000-2003] 

 
For about 2½ years, from late 2000 to mid-2003, the AAD operated an automatic weather station, 

designated BrownGL, at Brown Lagoon. The station was at 53°05'24''S, 73°38'25''E, at an elevation of 640 m 

above sea level. The instruments recorded air temperature, barometric pressure, and mean wind speed. 

Monthly and annual means have been time-weighted to account for data gaps when no satellites are available 

to relay the observations. The interval can also vary where faulty observations, resulting from sensor 

malfunction, have been removed during quality control. The minimum interval between individual 

observations was approximately one hour. When there is a continuous gap of more than five days, monthly 

means were not computed. Results are shown in FIG. 29.25.  

 

 

 
FIG. 29.25 (Left) Monthly mean temperature. (Right) Monthly mean relative humidity. Data 2000-2004. 

 
 

Plotting the relative humidity vs temperature (FIG. 29.26), we see the correlation between these two 

variables. While there is a significant spread, there is a clear negative correlation: higher temperature means 

lower humidity. This is consistent with the principle that the relative humidity is inversely proportional to the 

maximum moisture capacity, which in turn increases with temperature (hence the relative humidity is 

inversely proportional to the temperature.  

 

 
FIG. 29.26 Mean monthly relative humidity vs. mean monthly temperature 2000-2004 
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Temperature vs. Illumination [Atlas Cove March/April 2016] 

 
For about 1 month, during March-April 2016, Cordell Expeditions recorded various environmental 

variables, including the temperature and illumination, at Atlas Cove. The location was about 100 m southeast 

of the ANARE station. FIG. 29.27 shows the data records. The illumination shows sharp and regular diurnal 

peaks, but the temperature cycles only weakly follow these peaks. FIG. 29.28 shows the averages for the 

daily cycles of temperature and illumination.  

 

 
FIG. 29.27 Temperature and illumination at the 2016 campsite 

 

 
FIG. 29.28 Average daily variation of the temperature and illumination for the interval shown in FIG. 29.26 
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If we plot the two functions shown in FIG. 29.28 on orthogonal axes, the result is the correlation between 

the average temperature and the average illumination. This is shown in FIG. 29.29. The arrows indicate the 

direction of the diurnal cycle. This complex 2D function shows that the temperature and illumination initially 

increase almost linearly, but in the latter part of the day, as the illumination decreases, the temperature 

remains relatively high. The several small loops are probably due to cloudiness and cold/warm fronts.  

 

 
FIG. 29.29 Daily average temperature vs daily average illuminance 

 

Time-lapse video 
 

For four months in 2010-2011, the AAD operated a time-lapse camera at the ANARE site at Atlas Cove. 

The camera was positioned to face southeast looking towards the Nullarbor and Big Ben. The solar-powered 

digital camera took 10 photos per day.  

 

 
FIG. 29.30 Time-lapse camera deployed on Heard Island: a triggerable reflex camera mounted in a weather-

proof box, and a timing circuit. A few fragments of the ANARE ruins appear in the pictures, including remnants 
of the Admiralty Hut. 
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In 2011 more than 1100 images were recovered from the camera’s memory card. The images show King 

Penguins gathering on the Nullarbor and investigating the remnants of the Atlas Cove station, and Elephant 

Seals. In many of the photos rain and clouds obscure the view, but there are also some blue-sky days and a 

dusting of snow in the later pictures as winter approaches.  

FIG. 29.31 shows three frames taken in 2010-2011. The camera was ideally positioned to show the 

remnants of the Admiralty Hut (see detail in middle frame), with Big Ben in the background.  

 

 
FIG. 29.31 Frames from the time-lapse camera 2010-2011. (Top) A clear day showing Big Ben and the edge of 
the ruins of the ANARE station. (Middle) A cloudy day with no visibility of the mountain. The inset is a detail 

showing the remains of the Admiralty Hut. (Bottom) Flooding of the Nullarbor. 
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Chapter 30 Sky 
Clouds 
 

Types of clouds 

 
In this section, we present photographs of some clouds typically seen at Heard Island, as well as some 

optical phenomena such as crepuscular rays, rainbows and aurora. Most of these images, including FIG. 30.1, 

are from the 2016 Cordell Expedition.  

 

 
FIG. 30.1 A complex mixture of clouds on the south side of Heard Island 2016 

  

file:///L:/PICs_Chapter_30_Sky/FIG. 30.1 _CE_2016_Gavin_DSC_5337 edit crop bird marked 2016.jpg
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FIG. 30.2 Cloud formations on Heard Island 2016. (Upper) Altocumulus. a Middle-altitude cloud characterized 

by globular masses or rolls in layers or patches. (Lower) Altocumulus castellanus (ACCAS) clouds. 

  

file:///L:/PICs_Chapter_30_Sky/FIG. 30.2 Gavin_DSC_5517 rot crop marked 2016.jpg
file:///L:/PICs_Chapter_30_Sky/FIG. 30.2 RWS_IMG_5916_level marked 2016 resize.jpg


 

Chapter 30 SKY ⃝ Page 675 

 
 

 

 
FIG. 30.3 Cirrus clouds. (Upper) 1963. (Lower) 2003. 
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FIG. 30.4 Altostratus clouds at 8:01 AM (local) 5 April 2016 from within Stephenson Lagoon 

 

 
FIG. 30.5 Nimbostratus clouds observed near Stephenson Lagoon 5 April 2016 
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Cloud obstruction 

 
Although clouds are normally at altitude, sometimes they can be on the ground or ocean surface. Here are 

two examples of clouds encountering Big Ben and being deflected around it.  

 

 
FIG. 30.6 Aerial photograph of Heard Island looking southwest 2000 

 

  
FIG. 30.7 Altostratus clouds being obstructed by Big Ben 
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Kármán vortex clouds 

 
Elsewhere we have described the formation of vortex winds generated by Laurens Peninsula and perceived 

at the ANARE station. Not surprisingly, Big Ben itself can create vortex winds. At least two familiar 

structures can form: (1) a Kármán vortex street, and (2) lenticular clouds.  

FIG. 30.8 shows a satellite image of a vortex street that occurred one month after the Cordell Expeditions 

team was on the island. The team was unaware of this process being carried out, although had there been 

sensitive recording instruments, it could have been detected by the difference in barometric pressure between 

Atlas Cove and Spit Bay. 

The insert in this figure shows the eye of a hurricane (compare “Lenticular clouds,” next section.). 

 

 
FIG. 30.8 Kármán vortex street. Satellite image 8 May 2016 captured by the Operational Land Imager on 

Landsat 8. (Inset) Satellite image of the center of an Atlantic hurricane. 

 
The top of Big Ben is usually obscured by clouds, and often clouds are found in an interval of altitudes 

below the peak. The volcano forms a solid barrier to the winds, shedding vortices. Sometimes lenticular 

clouds are formed, which can move a considerable distance from the mountain. 

 

Lenticular clouds 

 
A lenticular cloud is a lens-shaped cloud that normally develops on the downwind side of a mountain or 

mountain range. This occurs when stable, moist air flows over a mountain, creating a series of oscillating 

waves. If the temperature at the crest of the wave equals the dew point temperature, condensation occurs in a 

lens formation. As the air falls down the trough of the wave, where the temperature and dew point 

temperature are not equal, evaporation occurs. Thus, a wave cloud (or a series of lenticular clouds) can form. 

These are often mistaken for UFOs because of the saucer-like shape. They can separate into altocumulus-, 

stratocumulus-, and cirrocumulus-standing-lenticular clouds.   

file:///L:/PICs_Chapter_30_Sky/FIG. 30.7 NASA Jeff Schmaltz marked 2016.jpg
file:///L:/PICs_Chapter_30_Sky/FIG. 30.8 Hurricane.jpg
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Lenticular clouds appearance is highly variable. One capped by a series of Kelvin-Helmholtz scallops is 

shown at https://earthsky.org/earth/best-photos-beautiful-lenticular-clouds-around-the-world/. FIG. 30.9 

shows four photographs of lenticular clouds observed on Heard Island. Note that such clouds are layered, 

although these photographs have been digitally processed to enhance the layering. 

 

 

  

 
FIG. 30.9 Lenticular clouds created by the flow of the air across the upper elevations of Big Ben. (Upper) 1952. 

(Middle) 1997/2003 (Bottom) 2016. 

 
Lenticular clouds were well-known to the ANARE men: 

 
… aloof above the querulous mist… 

Heard Island first made its appearance in the guise of lenticular clouds rising through 
the lower mass of horizon fog. … The great white mass slowly hardened in shape, aloof 
above the querulous mist and wind snapping at its feet, a shrug of cold shoulders in the sky.  

– – Philip Temple, The Sea and the Snow, p. 86. (Clouds) 
 

Cigar-shaped banner … 

In the sky above the Baudissin a cigar-shaped banner cloud appeared. Smaller 
formations, stationary smoke-rings, floated at 8000 feet, like puffs from an active volcano. 
The clouds, known to the “met” as “lenticular altocumulus,” were caused by upward 
deflection of the air along the slopes of Big Ben.  

– – Arthur Scholes, Fourteen Men, 1947, p. 212. (Lenticular altocumulus clouds) 

  

https://earthsky.org/earth/best-photos-beautiful-lenticular-clouds-around-the-world/
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Kelvin-Helmholtz clouds 

 
The Kelvin–Helmholtz (K-H) instability typically occurs when there is velocity shear in a single 

continuous fluid, or where there is a velocity difference across the interface between two fluids. It is seen in 

many situations in natural phenomena, including water flow, water waves, clouds, Saturn's bands, Jupiter's 

Red Spot, and the sun's corona. On Heard Island, the K-H instability was inferred by Beggs, et al., in 

2000/2001 observations of wind vectors on Dovers Moraine, but no images were obtained.  

FIG. 30.10 (Upper) shows a photograph of K-H instability in the clouds over Heard Island in 2016. For 

comparison, an online photograph of the K-H instability is shown in FIG. 30.10 (Lower).  

The K-H instability was also observed in flowing ocean water at Spit Bay nd (see Chapter 28).  

 

 

 
FIG. 30.10 Waves in clouds created by the Kelvin-Helmholtz instability. (Upper) Observed on Heard Island 5 

April 2016. (Lower) Online image of Kelvin-Helmholtz waves near San Francisco 2006. 
  

file:///L:/PICs_Chapter_30_Sky/FIG. 30.10 RWS_IMG_5316 proc crop 72dpi marked Heard Island 2016_resize.jpg
file:///L:/PICs_Chapter_30_Sky/FIG. 30.10 K-H Instability San Francisco 2006 marked.jpg
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Sunlight 
 

Illumination 

 

 

 
FIG. 30.11 Big Ben illuminated by sunlight. (Upper) At sunset. 2016. This was likely “alpenglow” rather than 

“direct sunlight.” (Lower) Big Ben seen through a break in the stratus clouds. 2016. This was ordinary “direct 
sunlight.” 
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Crepuscular rays 
 

Crepuscular rays, or "God rays," are sunbeams that are seen just after the sun has set 
and which extend over the western sky radiating from the position of the sun below the 
horizon. They form only when the sun has set behind an irregularly shaped cloud or 
mountain which lets the rays of the sun pass through a cloud in bands. They are noticeable 
when the contrast between light and dark is most obvious. On rare occasions the rays 
extend across the entire sky, they appear to converge again on the eastern horizon. They 
usually appear orange because the path through the atmosphere at sunrise and sunset 
passes through up to 40 times as much air as rays from high midday sun. Particles in the air 
scatter short-wavelength light (blue and green) through Rayleigh scattering much more 
strongly than longer-wavelength yellow and red light.  

– Wikipedia 
 

 

 
FIG. 30.12 Crepuscular rays emanating above Big Ben. (Upper) 2000. (Lower) 2016. 
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Rainbows 

 
Rainbows are not very common at Heard Island, despite considerable moisture in the air. FIG. 30.13 

shows one that we saw and photographed during the 2016 Cordell Expedition. It took considerable processing 

to bring out the beauty of the rainbow, although the landscape was left with unrealistic colors. An explanation 

of why a rainbow can be nearly flat on the horizon is provided in the author’s book DX-Aku. Messages from 

the Easter Island Expedition.  

 

 

 
FIG. 30.13 Rainbow 2016. (Upper) Original photograph. (Lower) After digital processing. 
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The night sky 
 

Aurora australis 

 
An aurora, sometimes referred to as polar lights or southern lights (Aurora Australis), is a natural light 

display in the Earth's sky. It takes the shape of a curtain of light, or a sheet, or a diffuse glow; it most often is 

green, sometimes red, and occasionally other colors too. Typically, it originates at altitudes of 100 to 300 km 

(this is where green is usually seen, with red at the top), but sometimes it can be as high as 500 km, and as 

low as 80 km (this requires particularly energetic particles, to penetrate so deep. If you see purple, the aurora 

is likely to be very low).  

– – https://www.universetoday.com/42623/aurora-australis/ 

 

FIG. 30.14 shows an aurora australis image in 2005. 

 

 
FIG. 30.14 Aurora australis (11 September 2005) as captured by NASA's IMAGE satellite, digitally overlaid onto 

a blue sphere. An animation created using the satellite data is also available here: 
https://en.wikipedia.org/wiki/File:Aurora_Australis.gif. 

 
  

https://www.universetoday.com/42623/aurora-australis/https:/www.universetoday.com/42623/aurora-australis/
https://en.wikipedia.org/wiki/File:Aurora_Australis.gif
file:///L:/PICs_Chapter_30_Sky/FIG. 30.14 Clip_2 proc marked marked 11 Sep 2005.jpg
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Constellations 

 
The ANARE men were familiar with the Aurora Australis. They probably saw something like the 

photograph in FIG. 30.15 (without the lines and words, of course), taken in April, 2016.  

 

 
FIG. 30.15 Aurora australis and the constellation of Scorpius rising over Big Ben 31 March 2016 

 
Several of the men were moved to write of their experiences: 

 
A fine shimmer … 

On the evening of February 8
th,

 we experienced our first clear aurora. It appeared to the 
south and southwest but was most prominent above us at the zenith, moving up from the 
south. It appeared as a fine shimmer, now and then becoming coherent as a twisted band 
that then developed into folds like drapery, slowly undulating. Clouds passed in front of it, 
sometimes obscuring it, but it persisted for a long time and could be traced throughout the 
night.  

– – Drygowski, p. 127 (Aurora) 

 
Like colored searchlights … 

On the night of March 15, the whole sky above the island was streaked with colored 
light beams. Norm Jones was the first to notice the Aurora Australis when he woke up an 
hour before midnight. The whole camp turned out to watch the changing colors in the sky. 
Outside the huts, the temperature was several degrees below freezing. In our thin pajamas 
and hastily seized clothing, we soon felt the cold. The spectacle in the heavens was an ever-
altering pattern of colors. The rays were like colored searchlights. Rays turned from light 
green to red, from white to vermilion. Elsewhere in the sky, there was a light blue and 
mauve combination. It was a kaleidoscope. In a greatly exaggerated fashion, it reminded me 
of a colored spotlight playing on the darkened ceiling of a ballroom; changing colors and 
patterns interweaving with each other, in every corner.  

– – Arthur Scholes, Fourteen Men, 1947, p. 156. (aurora australis) 
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Great streamers of light 
At 8.30 p.m. my patience was rewarded when the performance began. First a dull glow 

low on the southeast horizon-a mere suspicion-until it gradually spread across the sky like 
the pale dawn light. Then quite suddenly, at the zenith, a mass of tinted light exploded into 
view like a gigantic firework display. Reds, purples, greens– almost every color of the 
rainbow. Great streamers of light– curtains of fire– shimmered in the frosty heavens. As 
quickly as possible, in the faint light of a torch, I recorded their details in a language of 
symbols; the sky was ablaze with colored lights. Yet within fifteen minutes all was quiet 
again, save for a dull glow that persisted on the southern horizon. For the moment the 
activity was over, and I hurried into the luxuriant warmth of the kitchen to thaw out again. 

– – Peter Lancaster Brown, Twelve Came Back (1957), p. 54. (Aurora) 

 
… the weather side of Big Ben 

It was certainly the brightest display I had ever witnessed, and with luck, if the weather 
held, I should be able to see the “second house”, for as often as not an early evening 
outburst flares up again later on. Finishing my scalding hot cocoa, I hurried outdoors again. 
But I was greatly disappointed to find the sky obliterated by dense clouds. All through the 
year, I was constantly hampered by cloud, and nine-tenths of the visual magnet disturbances 
went unobserved. Although the Base was ideally situated from a biological research point of 
view, it was just the reverse case for my auroral observations. This was owing to the fact that 
we lay on the “weather side” of Big Ben where the heavily saturated air moving across the 
Southern Ocean, formed clouds. It was frustrating to know that twenty miles to the south 
the sky was completely clear.  

– – Peter Lancaster Brown, Twelve Came Back, (1957), p. 54 (Aurora) 
 
 

 
FIG. 30.16 A night scene at Atlas Cove, as described by Peter Lancaster Brown 
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PART 5 MORE COMING 
 

 
The site of the 1947 ANARE station, artistically returned to its original natural state a century later 
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Many authors have predicted what the world will be like in the future. Sociologists think in terms of 

generations, meteorologists think in terms of centuries, futurists think in terms of millennia, and molecular 

biologists think in terms of millionnia. Here are a few of the common prognostications about the Future of the 

Earth and of Mankind (World Economic Forum, Business Insider), measured from 2021: 

 
Decade (2031): Fully digitized free communications.  Everything is designed for durability, 

repairability and recyclability. Only clean production methods are used. Robots do 
much of our work. Artificial intelligence is everywhere. There is no real privacy. 

Tricade (2051): Higher water levels, more powerful tropical storms, and increased energy 
use. Widespread power outages. 

Century (2121): Eighty percent of the world's population live in cities. Emergence of new 
mega-cities with populations of over 20 million. 

Millennium (3021): The West Antarctic ice sheet collapsed. Global sea levels rose by about 4 
meters.  

Millionnium (1,002,021): No human government. Only small groups of feral humans. No 
natural resources. Natural world dominated by very small, very simple species, such 
as insects. No large animals. Most common plants have thick, leathery, and hairy 
leaves and propagate by runners and spores. 

 
In Chapter 36 we make use of all the evidence we have accumulated to make predictions for Heard Island 

in the years listed above: 2031, 2051, 2121, 3021, and 1,002,021. Naturally, such predictions are speculative, 

and increasingly uncertain at more distant times. However, the surprising conclusion seems to be that, at very 

long times, Heard Island will likely lose its attraction to Society, and be abandoned back to Nature, its link to 

the human saga faded and vanished ...  

This VOLUME is devoted to how we describe and model complex systems, especially Heard Island, and 

what the future of the island will, or might, be. PART 11 describes mathematical and programmatic tools for 

modeling and predicting change. PART 12 contains examples of research and resources that could be 

important to controlling and managing the island’s future.   

 

PART 11 DYNAMICS 
Chapter 31. Populations 
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Chapter 36. The future of Heard Island 
 
 
 
 
 
 
 
 

 
Facing picture: Original photograph Angela McGowan, Heard Island, 1986. Revision artwork Robert 

Schmieder 2021 
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SECTION 11 DYNAMICS 
 

Chapter 31 Populations 
 

Change in general 
 

Numbers 

 
Populations are represented by numbers: There are 259 cormorants, 45 elephant seals, etc. As such, 

populations are intrinsically integral numbers. Therefore, when we speak of change, we deal with jumps in 

integers: 259→261→322→305, etc. The jumps themselves are also integers, such as +2, +61, -17, etc. Even 

if the population number is very large, physically it is a finite integer, and the change values are also finite 

integers.  

However, if the population is large, the difference between, say, 1057 and 1058 individuals is relatively 

small (ca. 1/1000) and relatively meaningless. Therefore, quite reasonably we can represent the population as 

a continuous quantity, one that can take on all values (in an appropriate range). Thus, it is meaningful to say 

the cormorant population is 1057.76, without the need to imagine that there is 0.76 of a cormorant! It is a 

great advantage to represent populations by continuous numbers, and we shall generally do that. If a 

population X changes a relatively small amount, we will write change as dX<<X, which will be allowed to 

vary continuously. The only requirement is that dX/X is a small number.  

Any physical quantity that changes in time (which we represent with t) is called “dynamic,” and the study 

of such changes is called “dynamics.” While we do not know whether t is in fact discrete at some extremely 

small level (say 10
-44

 s), we can say that typically population changes proceed at time scales much less than 

the duration of the population itself. This means that we can imagine time as changing in “very small” 

amounts, which we represent by dt, and which, like the population X, we will also allow to vary continuously.  

The ratio dX/dt is a physically meaningful quantity, and an enormously useful one. It is called a “rate,” 

and it represents the change of the population in time: how fast X changes as t changes. In calculus, this ratio 

is treated as a single quantity, termed the “derivative.” A large body of mathematical procedures, called 

“calculus,” has been developed over the past 500 years to enable using the derivative to solve complex 

problems, including problems involving populations. We will give a few examples of such use in this section.  

 

Aspects of change 

 
The following list gives a few of the important aspects of “change:” 

 
 A specific change does not necessarily uniquely identify its cause. 
 Agreement of a model with Nature doesn’t necessarily mean the model is correct. 
 Change can be random (“fluctuations”), producing randomly fluctuating (“chaotic”) states. 
 Change can be represented with continuous or discrete models. 
 Change can grow or diminish, remaining finite or growing without bound. 
 Change can lead to repeating (“periodic”) states. 
 Change can lead to states (“stable”) in which change stops. 
 Change can occur over a wide variation of time scales (relatively slow, relatively fast, etc.). 
 Change is often complicated, especially when there are several components in a system. 
 Rate is crucial: qualitative effects can depend on the magnitude of the rate. 
 Some (but not all) changes can be reversed, as if the time is run backward. 
 The response to change (generally) is more change. 
 There are numerous potential sources of errors in modeling and calculating change. 
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Change functions 

 
The mathematical procedure to be used in calculating the behavior of a model dynamical system will be 

determined by the qualitative behavior of the system. FIG. 31.1 shows a variety of functions (plotted versus 

time). One function might apply to some component of a multicomponent system, and another might show 

the result in a different component. For instance, one function might be an applied force, and another would 

be the displacement of a piece of the system as a result of the force.  

 

 
FIG. 31.1 Categories and examples of the time-dependence of dynamical variables: stepwise, linear, periodic, 

chaotic, hybrid, etc. 

 
In special cases, the time functions might approach a steady-state behavior. At very long times, a system 

(or component of a system) might become periodic or even stop changing altogether (“asymptotic” or 

“equilibrium” state). Note that periodic states do not necessarily imply simple time variation (cf. FIG. 31.2).  

 

 
FIG. 31.2 Examples of periodic and asymptotic dynamic variables 
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Phase space 

 
If the time variation of the system has some repetition, it is generally useful to represent it in a “phase 

space.” This is a space (generally a two-dimensional plot) on which the values of two or more components of 

the system are plotted. Each point in the phase space represents a specific state of the system. If the phase 

space includes all the components of the system, then each point in the plot uniquely represents a specific 

state of the system. For systems with two components, a 2D plot is sufficient to represent the behavior of the 

system in time.  

For instance, suppose the system consists of a set of six pendulums all mounted with parallel axes. The 

phase space of this system would consist of six axes, one for each pendulum angle. The state of the system 

would be represented by a single point at the location in the 6D phase space corresponding to the six 

pendulum angles. As the system evolves in time, this point will move around in the phase space. Its trajectory 

may be simple, periodic, quasi-periodic, chaotic, etc.  

FIG. 31.3 shows phase space plots for two cases of a nonlinear oscillator. In the first case, the time 

sequence of the motion is relatively simple: it is the overlap of two periodic frequencies. The corresponding 

motion in phase space is a simple loop, with one internal loop. In the other case, the motion is much more 

complex; in fact, it is chaotic (it never exactly repeats). The phase space plot reflects this great complexity: 

the trajectory of the state point moves around smoothly within a finite domain, but it never traces the same 

trajectory segment. At long times, the trajectory may spend more time in certain localities, and these appear as 

concentrations of the trajectories, but including more and more orbits, the entire space will be filled with 

trajectories.  
 

 
 

 
FIG. 31.3 Phase space representation of dynamics.  (Upper) Periodic. (Lower) Chaotic. In both figures, (a) is the 

time dependence X(t) and (b) is the behavior in phase space P{X,t). 
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As an example of complex phase space behavior in a practical problem, we reproduce a drawing 

representing nonlinear surge motions of ships in steep waves (FIG. 31.4). The phase space has three 

dimensions: velocity, lateral displacement, and time.  

 

 
FIG. 31.4 Ship trajectory in bi-chromatic waves (black line), hyperbolic Lagrangian coherent structures at 

selected time instants (six sections), and paths of three critical points of the acceleration field (blue and red 
lines).  

 
As complicated as the preceding surface is, it can get much more so. Application of an additional 

component or an external stimulus will cause this surface to be distorted or undergo periodic or chaotic time 

behavior. It can even break (a catastrophe), completely changing the trajectories and the surface topology. In 

the many-dimensional space of a complex system, graphic representations of the trajectories must be done 

with sections, or projections. FIG. 31.5 shows a relatively complicated phase space surface, projected onto a 

2D plane.  

 

 
FIG. 31.5 A complex dynamical system represented in a pseudocartesian space 
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Catastrophe Theory 

 
A “catastrophe” is a (relatively) sudden change. It does not imply that the result of that change is damaging 

to human interests or to the world in general. Rather, the essential point about catastrophes is that they occur 

in time intervals very small compared to the system at large. In fact, catastrophes can be beneficial events, so 

long as they are brief.  

Here are a few examples of catastrophes in Nature: 

 
 Asteroid impact 
 Birth of a child 
 Earthquake 
 Emergence of periodic locusts 
 Lightning 
 Passing a new law 
 Political election 
 Publication of an influential book 
 Tree branch breaking 

 
The stimulus that causes the system to experience a catastrophe need not be sudden– it might be applied 

continuously, or even constantly, but at some particular time the system reaches a point (in phase space) at 

which it undergoes a sudden, and generally irreversible, change. If the stimulus is in fact applied suddenly, the 

catastrophe can be represented as a discontinuous “kick” that abruptly changes the direction of the trajectory 

of the state point. This is illustrated in FIG. 31.6.  

 

 
FIG. 31.6 Phase space trajectory of a system subjected to successive impulses (“catastrophes”) 

 
If, however, the stimulus is applied continuously over one or more intervals, the trajectory is smoothed, 

with rounded vertices, as in FIG. 31.7. 

 

 
FIG. 31.7 Phase space trajectory of a system subjected to intermittent continuous forces. This is not a true 

catastrophic system, but it might be called “mildly” or “pseudo” catastrophic. 
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Mathematical dynamics 
 

Continuous models 

 
The most powerful tool for modeling population dynamics is calculus. The reason, of course, is that long-

term changes can be assembled from many short-term changes. It was the brilliant insight of Isaac Newton 

that we can write mathematical expressions for quantities at a given time, combine them with an expression 

for how they change over a very short time, and then follow a set of rules for manipulating these expressions 

to give the quantities at very long times. This idea leads to the following fundamental equation of dynamics: 

 

( , )
dX

f X t
dt

  

 
This equation says that the rate of change of X in time is given by a function represented by f(X,t). The 

function f is the “model” of the system. The mathematical challenge is to find X(t), the value of the state 

variable X at an arbitrary time. In two very special cases, this is easy.  

 

( ) ( )

( ) / ( )

dX
f t X f t dt

dt

dX
f X t dX f X

dt

 

 





 

 
In the first case, a simple integration of the function f(t) gives the desired result X(t). In the second case, 

the integral is over the variable X giving the function t(X), which sometimes can be inverted to give X(t).  

More complicated model expressions are relatively easy to write, but not necessarily easy to solve, 

although even in these cases, sometimes it is possible to find the function X(t). Here are four examples:  
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In these expressions, the dynamic differential equation is on the left and the solution for the system 

function X(t) is to its right. The quantities a,b,c are arbitrary constants. The functions X(t) are readily 

calculated and plotted to show the system at any time.  
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Although the above solutions are relatively easy to find, it is much more likely that no closed solution to a 

given dynamic equation can be found. In such cases, numerical approximations of the quantities can be used 

to obtain a graphical representation of the function X(t). For example, the following simple equation (Eq. 1) 

does not have a known solution X(t) in closed form: 

 

3 2( )sin[ ( ) / ]
dX

X t t X t
dt

 
 (1) 

 
In this case, we can use one of the (many) available mathematical programs to solve for X(t) numerically. 

We have used Mathematica 11.2 to obtain the graphic solution for X(t) shown in FIG. 31.8. 

 

 
FIG. 31.8 Solution of equation (1) 

 
A similar but more complicated case is defined by Eq. 2. 

 

310sin[ ( )]exp[sin[exp[ ( ( ))]]]]
dX

X t t X t
dt

    (2) 

 
The Mathematica solution for X(t) in this case is shown in FIG. 31.9. 

 

 
FIG. 31.9 Solution of equation (2) 

 

Of course, neither of these functions arises in any physical model known to the author; they are presented 

to give the reader confidence that even seemingly intractable equations can be solved numerically, with 

relatively little effort. These Mathematica solutions took only a few seconds, including the plots.  

 
  

file:///L:/PICs_Chapter_31_Populations/FIG. 31.8 Function_1.jpg
file:///L:/PICs_Chapter_31_Populations/FIG. 31.9 Function 2.jpg


 

Chapter 31 POPULATIONS ⃝ Page 698 

Discrete models 

 
As explained above, we often need to represent populations that can take on only discrete (integer) values, 

or to model the population only at discrete values of the time. The discrete analogue of the fundamental 

expression of dynamics given above is the first-order difference equation, which we will call the fundamental 

equation of discrete dynamics: 

 

1
( )

n n
X f X




 
 

Discretization is imposed by limiting the values of X to a defined set of values; the integer n steps the time 

forward in fixed increments.  

The task now is essentially the same as in the continuous case: solve this equation to obtain n
X for all n. 

Probably the simplest example is the equation 

 

1n n
X k X


   

 
which has the solution 
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Another classic model is the Ricker Model: 
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The most famous example of this procedure is the discrete logistic (FIG. 31.10). 

 

1
1( )

n n n
X r X X


   Discrete logistic 

 

 
FIG. 31.10 The phase space of the discrete logistic, X19(r) 
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The fundamental equation of discrete dynamics can be generalized in various ways, viz. 

 

1 1 2 0
( , , , ... , )

n n n n
X f X X X X

  
  

 
Equations such as this take account of the history of the system to a greater degree than the first-order 

equation.  

 

Continuous←→Discrete models  

 
Many software packages are available that can manipulate discrete data. For instance, Mathematica 

contains the following functions, which are indicative of a very large number of such functions implemented 

in the package.  

 
Accumulate[{a,b,c,d,e}]  –> {a,a+b,a+b+c,a+b+c+d,a+b+c+d+e } 

Ratios[{a,b,c,d,e}]  –> {b/a,c/b,d/c,e/d} 

Reverse[{a,b,c,d,e}]  –> {e,d,c,b,a} 

Split[{a,a,a,b,b,a,a,c,d,e}] –> {{a,a,a},{b,b},{a,a},{c},{d},{e}} 

Table[Fibonacci[n],{n,11}] –> {1,1,2,3,5,8,13,21,34,55,89} 

 
As a simple example, the following Mathematica routine converts a set of discrete points into a continuous 

function, which could be called a “catastrophe function.” 

 
Data={5.,9.,8.,10.,6.1,10.4,9.1,11.6,7.5,10.1,8.4,11.5,9.,7.1,10.9,6.7}; 

ListPlot[Data] 

tsm=TimeSeriesModelFit[Data]; 

ListLinePlot[{tsm["TemporalData"],TimeSeriesForecast[tsm,{0}]}] 

 

 

 
FIG. 31.11 Conversion of a set of points into a (continuous) catastrophe function 

 
Some of the software packages that can be used for doing symbolic and numerical mathematics are: 

 
Axiom Magma Mathematica SICMUtils Xcas/Giac 
Cadabra Magnus MATLAB SMath Studio Yacas 
FriCAS Maple Maxima SymPy  
GAP  Mathcad Reduce Wolfram Alpha  

 
In the next chapter, we will give a few examples of systems that can be treated with equations that enable 

predictions that can be compared to field observations, the traditional path to understanding of the systems.  
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Chapter 32 Systems 
 

Overview 
 

In the previous chapter, we presented the core ideas and mathematics for computing the variation of a 

population of organisms in time, i.e., population dynamics. The key idea there was that we were dealing with 

a single species. Here we extend this to consider multiple species, i.e., interacting populations. This is a 

sensible approach for simulating ecosystems, with appropriate limitations. For example, invertebrates live on 

plants, seals and seabirds prey on fish, leopard seals prey on penguins, etc. Symbolic of this kind of system is 

the diagram in FIG. 32.1.  

 
FIG. 32.1 Typical polar ecosystem 

 

A “system” is defined variously as: (1) A set of things working together as parts of a mechanism or an 

interconnecting network; (2) A set of principles or procedures according to which something is done; an 

organized framework or method; (3) A group of interacting or interrelated entities that form a unified whole. 

An “ecosystem” then is a system in Nature. To model such a system, we define an equation for every 

component. The entire set of equations must be solved to obtain the system behavior.  

While we phrase this material in terms of “populations,” meaning actual counts of individuals, it should be 

understood that other components in the ecosystem, such as rainfall, sunlight, river flow rate, ice mass, etc., 

cannot be counted, but can be described with continuous numerical parameters, and these can act in the same 

capacity as populations. Each interaction between the components will introduce a corresponding expression 

in the model. Thus, even though an ecosystem might consist of some countable populations and some 

noncountable quantities, we could represent them all with real numbers, and the model equations would be 

expressions relating them to each other. Hybrid systems in which some components are counted and others 

are continuous variables are possible, but the mathematics for such models is more difficult. 
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System components 
 

It might seem to be relatively easy to list the components of a system. Thus, for Heard Island, we might list 

the following (Table 32.1): 

 
Table 32.1 Possible components xi in a model Heard Island system 

Field Component Exemplary quantization 

GEOLOGY 

Lava 
Erratics 

Boulders 
Fracturing 
Sediment 

Area of lava in exposures 
Number of erratics 

Number of boulders 
Number of thermofractured boulders 

Area covered by sediment 

BIOLOGY 

Plants 
Invertebrates 

Birds 
Mammals 

Marine 

Area covered by vegetation 
Number of invertebrates 

Number of birds 
Number of mammals 

Number of marine organisms 

METEOROLOGY 

Temperature 
Humidity 

Barometric pressure 
Clouds 

Precipitation 
Wind 

Average temperature 
Average humidity 

Average barometric pressure 
Number of clouds 
Total precipitation 

Average wind speed 

HUMANS 
Visitors 
Debris 

Structures 

Number of humans 
Amount of debris 

Number of structures 

 
Unfortunately, it will likely be impossible to even set up a system of equations (or other model elements) 

with this set of components. In principle, we could assign some meaning to every one of these components, 

e.g., “Birds” could be a token for all species of birds lumped together, for each species of birds, etc. The 

process of combining smaller groups into larger ones is called “abstraction.” For example, Heard Island birds 

could be represented in several levels of abstraction. An illustrative example is shown in Table 32.2. 

 
Table 32.2 Levels of abstraction for ecosystem components 

Class Habit Genus Species 

Birds Seabirds Cormorant Heard Island 

  Skuas Subantarctic 
  Petrels Southern giant, Cape, Antarctic, Diving 
  Albatross Black-browed, Sooty, Wandering 
  Prions Antarctic, Fulmar, Diving 
  Gulls Kelp 

 Waders Sheathbill Heard Island 

 Penguins King King 
  Macaroni Macaroni 
  Rockhopper Rockhopper 

1 3 10 17 

 

The numbers at the bottom of each column warn us that, at decreasing level of abstraction, the model 

equations will have increasing numbers of variables. The effort required to compute such models will increase 

exponentially. Clearly, representation of more details in the model will ultimately be impossible, so some 

abstraction will be essential. 
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One way to proceed in developing mathematical model systems is to list the major components of the 

system and specific items that could change. Examples of the latter are given in Table 32.3.  

 
Table 32.3 Examples of processes in several disciplines of a model Heard Island system 

Discipline Item [nouns] Process [verbs] 

GEOLOGY Eruption 
Erosion 

Smoke, lava, ejection 
Glacial scour, stream erosion 

HYDROLOGY Glaciers 
Lagoons 
Streams 

Change in depth, area, mass, volume 
Change in area, depth, salinity, biota 

Runoff, carrying capacity, meandering 

BIOLOGY Predators 
Habitats 

Populations 
Resources 
Genetics 

Infections 
Species 

Foraging 

Introduction of new species 
Change of available area 

Competition, different capacities for change 
Food, nesting materials, protection 

Drift, uniqueness 
Spread, epidemics 

Number, origin, convergence 
Paths, area, objects 

METEOROLOGY Storm 
Weather 

Temperature 
Wind 

Major 
Seasonal alteration, cycle extremes, random fluctuations 

Fluctuations, averages 
Fast changes in vectors, averages 

CULTURE Research 
Facilities 
Visitors 

Programs, activities 
Erection, destruction 

Introduced species, research 

 
A similar approach is to list the dynamics that various categories could experience. Examples of these are 

given in Table 32.4. “VOLUME” refers to the major parts of this book.  

 
Table 32.4 Examples of dynamics in categories of a model Heard Island system 

VOLUME Item [nouns] Dynamics [verbs] 

HISTORY Sites 
Facilities 

Limestone 

Construction, destructions, refuges 
Enabled activities, environmental impact, weather destruction 

Age, geological movement 

ROCKS Volcano 
Boulders 
Sediment 

Intermittency, deposition, erosive reduction, temperature 
Frost shattering, vegetative niches, generation of sediment 

Biological refuges, 

WATER Glaciers 
Lagoons 
Streams 

Growth, retreat, relictual organisms 
Increase, salinity, biota, evaporation 

Carrying load, erosion, chemical content 

ECOSYSTEM Plants 
Animals 

Soil 

Vegetation coverage, refuges for invertebrates, aliens 
Annual migration, predation, landscape modification 

Rate of development, meiofauna, erosion, 

MORE 
COMING 

Volcano 
Humans 
Climate 

Eruption, extremophile population 
Alien influx, research and monitoring 
Temperature change, biota balance 

 
It is emphasized that there is no single approach that is universally applicable. In building a system 

simulation, probably the best approach is to write a system including everything that can be recognized, and 

then winnow it down by eliminating things and dynamics that appear to be relatively small parts of the 

system. However, the validity of the model system must be justified by cogent arguments, data, and/or 

numerical tests. 
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Time dependence 

 
In principle, there are no limits on what the model functions f can be. They can be continuous, 

discontinuous, and almost any other functions, including pulse functions (represented by the Dirac delta 

function). As indicated, one of the arguments in the model equations can be the time t. Discontinuous jumps 

in populations can be generated by including pulse functions in the model equations.  

When we consider real ecosystems, we will have to understand, and represent, the nature of the changes. 

Some examples of change in Nature are listed in Table 32.5.  

 
Table 32.5 Examples of change in Nature 

Example in Nature Type of change 

Avalanche Sudden 
Beach erosion Continuous 
Climate change Long-term 
Erosion Continuous 
Filling of melt lagoon Seasonal 
Glacier melting Soft transition 
Hibernation Intermittent 
Local weather Chaotic 
Nesting Intermittent 
Reproduction Event 
Seasons Periodic 

 
The explicit inclusion of the time t in the model equations will require appropriate functions and 

parameters if reasonably realistic results are to be obtained.  

It should not be forgotten that although the differential equations define the dynamics, it is also necessary 

to apply a set of initial conditions to obtain a specific solution. These conditions limit the specific dynamics to 

particular cases. If this is not desired, the initial conditions are not required. 

 

Improving the model 

 
One way to improve such models is to increase the number of species: Seal→Leopard Seals, Elephant 

Seals, penguins→King Penguins, Rockhopper Penguins, etc. While this would seem to ensure greater 

accuracy in the model calculations, that is not assured. Validating the model will require extensive ground-

truthing. 

What is missing from the discussion so far is the possible spatial dependence of the ecosystem 

components. For instance, if the seals and the penguins live in widely separated locations, they would hardly 

interact, whereas if their domains overlap, predation would certainly be an important part of the dynamics. A 

definitive development of this subject is given in the monograph by Murray (1993).  

One of the reasons Tables 32.1-5 are unworkable as sets of components is that such violent lumping of the 

actual components probably would preclude the meaning or value of such variables. What would we mean by 

“number of boulders,” or “number of birds,” or “amount of debris”? Some of the quantities could be clarified 

by including species, space, time, etc., e.g., “the number of penguins of species S at a point r at time t,” i.e., 

NP(S,r,t). But not only would this process vastly increase the number of defined components in the system, it 

would also be impossible to define for all components. For example, what would “Number of humans” mean? 

Number of humans on the island at any given time? Number of humans having influence on the activities of 

humans on the island? 

In spite of the possibility that simulating real ecosystems might well be impossible in principle, it can, in 

fact, be done successfully in practice, so long as the quantities are properly defined and the mathematics is 

rigorous. 
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System dynamics 
 

The task of simulation of real ecosystems is far greater and much more difficult than the sections above 

would imply. Perhaps the first challenge is to define the system to be modeled. Not all variables that can be 

recognized can (or should) be included in model simulations. System Dynamics is a well-developed 

procedure for defining and handling complex systems, particularly their nonlinear behavior. Wikipedia 

provides the following: 
System dynamics is an aspect of systems theory as a method to understand the dynamic 

behavior of complex systems. The basis of the method is the recognition that the structure 
of any system, the many circular, interlocking, sometimes time-delayed relationships among 
its components, is often just as important in determining its behavior as the individual 
components themselves. … [Consequently] in some cases the behavior of the whole cannot 
be explained in terms of the behavior of the parts. 

 
The term “System Dynamics” conventionally refers to a set of coupled differential equations that represent 

a physical model of the interactions between the system components. There is a very large literature on 

applications of this approach.  

One way to keep the system definition from expanding in meaningless ways is to look at the matrix of 

influences. For example,  

 

1 11 12 13

2 21 22 23

3 31 32 33

x f f f
d

x f f f
dt

x f f f

   
   

   
        

 
in which the fij are (potentially) functions of xi, time t, and other parameters P; that is, the matrix is fij({xi}, P, 

t). In this system, there are three components {xi} and 3x3=9 ways that they can interact {fij}. In fact, some of 

these interactions might be very small: For example, suppose {xi}={seals, penguins, lava}. Clearly, there will 

be almost no interaction between the seals+penguins and the lava, so f3j, fi3 are very small, and we can neglect 

them. Doing so decouples the system to two equations, which are easier to solve than the three coupled 
equations.  

 

1 11 12

2 21 22

3

33

x f fd

x f fdt

dx
f

dt

   
   

   



 

 
The system components xi are nouns (“things”), whereas the interactions fij are verbs (“what things do”). 

The homogeneous interactions fii represent what the i-thing would do in the absence of other things: 

population growth, etc. The inhomogeneous interactions fij are what the “i-things” do with the “j-things” in 

real systems. The interactions often determine whether the things grow or decline, whether they flourish or 

languish, indeed, whether they live or die. Judicious use of this reduction can bring the system representation 

from an unsolvable rank to a solvable rank.  
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Dynamical equations 

 
The first step is to expand the model population to multiple species (=components). We represent a set of 

species in the conventional set-theory notation: 

 

 1 2 3, , , ... , nX x x x x  

 
Each species has its own characteristic model function fj : 

 

1 2 3( , , ,..., , )
j

nj

dx
f tx x x x

dt
   j=1, … , n 

This set of equations defines the dynamics of the model system, although we can put it in a more compact 

form. Thus, we define the model vector 

 

2 3
{ , , , ... , }

j n
F f f f f . 

In this notation, the system dynamics is given by 

 

( , )
dX

F X t
dt

  

 
which is the same format as the single-species equation given previously. 

A simple example is a system comprising three species. The model populations can be written x1, x2, x3, 

and the equations that govern their behavior in time (“dynamics”) are: 

 

1
1 2 31

2
1 2 32

3
1 2 33

( , , , )

( , , , )

( , , , )

dx
f tx x x

dt

dx
f tx x x

dt

dx
f tx x x

dt







 

 
A simple bilinear model of 3 species that includes growth to saturation (a,b), competition (c), and 

symbiosis (d), is described by the following set of 3 equations. This is a good example of “System 

Dynamics.” 

 

1

1 1 1 1 1 1 3 1 1 2

2

2 2 2 2 2 2 1 2 2 3

3

3 3 3 3 3 3 2 3 3 1

1

1

1

( )

( )

( )

dx
a x b x c x x d x x

dt

dx
a x b x c x x d x x

dt

dx
a x b x c x x d x x

dt

   

   

   

 

 
We will give two examples of such systems before going on to more advanced techniques.  
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Case studies 
 

Seals, fish, and humans 
As a specific example, we consider an ecosystem consisting of three species: seals, fish, and humans. The 

humans prey on the seals (“sealing”), and both the seals and the humans prey on the fish. The seals and the 

fish are replenished by growth in effectively unlimited resources (food). In the absence of humans, the seals 

and the fish grow to equilibrium levels, but when humans are introduced, the numbers of seals and the fish 

decreases.  

We let {S,F,H} represent the populations of seals, fish, and humans, respectively. The quantities 

{S0,F0,H0} will represent the initial populations. Following the formalism of the previous section, the model 

ecosystem dynamic equations are: 

 

0

3 0

0

2 2

2

3

3

1 0

1 0

0

H ( )
[ ]

H F F( ) F
[ ]

H ( ) H( ) H
j jj

dS S
Seals A S BSF C S S S

dt W t

dF F
Fish A F BFS C

dt W t

Humans D t t

 
     

 

 
     

 

  

 

 

Where ( )
j

t t   is the Dirac delta function, 1( ) ( )k
ki ii

W t w t t    is the “carrying capacity,” and 

, , ,
k k k k

A B C D  (k=2,3) are constants. This set of three coupled differential equations can be easily solved. We 

have used Mathematica to produce solutions {S(t), F(t), H(t)}. A typical result is shown in FIG. 32.2.  

 

 
FIG. 32.2 Populations of fish, seals, and humans (sealers) in a typical model ecosystem simulation. 

 
The detailed behaviors are seen in these curves. As the humans arrive, the seal population falls 

precipitously, then starts to recover each year after the humans have left. The cumulative effect of the 

repeated visits by the sealers is a sawtooth plummeting of the seal population. The sealers also take fish (in 

this model), so the fish population also falls when they arrive. However, since they take large numbers of 

seals (that reduce fish populations), after the humans leave each year the fish population bounces back, and in 

fact overshoots its equilibrium level because of reduced seal population. The humans stop visiting after 5 

years as the seal population is reduced below the economic threshold. At this point, both the seals start to 

recover, and the fish are reduced by the seals. Eventually both the seals and fish approach equilibrium levels.  

  

file:///L:/PICs_Chapter_32_Systems/FIG. 32.2 Simple_07 marked.jpg
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Cats, rats, and humans 
 

The previous case of ecosystem simulation shows clearly the correspondence of the model calculations 

with reasonable qualitative behavior of the actual system. Here we will present a similar model but use it to 

illustrate more details in the simulation, and an example of more complex ecosystem behavior. 

The system we will consider is the populations of humans, cats, and rats on Pitcairn Island. The model 

equations and parameters for the model are taken from history and from the 2018 field studies on the island 

carried out by the author and colleague Fred Belton.  

 
Model assumptions 

 
We make the following assumptions, which we believe are justified for Pitcairn Island: 

 
The cats were (and are) supported by the human population, together with predation 

on rats. Thus, the number of cats depends on the number of humans and the number of 
rats. The cat population on the island had three significant events, driven by the humans: (1) 
the arrival of cats on the Bounty (in 1790); (2) A partial culling around 1820, motivated by 
the cats preying on chickens; and (3) A major eradication (together with the rats) in 1997 
that nearly (but not completely) eliminated both the cats and the rats.  

 
The rats were already established on the island when the Bounty arrived. It is likely that 

the population of rats increased because of the presence of the humans but was also kept in 
check by a growing population of cats. The interaction between cats and rats (cat predation 
on rats) is represented by an increase in the cat population and a corresponding decrease in 
the rat population. In fact, the initial number of rats isn’t very important in the simulations. 

 
The human population on the island over the 230 years of its history since 1790 is quite 

well-documented. We will assume that it is determined exclusively by human actions (births, 
migration, deaths), and we will model it with an explicit function of time. The number of 
humans will not depend on the number of cats and/or rats. 

 
The three populations {humans, cats, rats} will be represented by single numbers. Thus, 

we will not distinguish different categories of humans (male, female, young, old, etc.), cats 
(pets, semi-feral, feral, etc.), or rats (species, age, etc.), but rather we will model only the 
lumped “populations.” Similarly, the geography of the island (area, terrain, etc.) does not 
enter the model, space is not a variable or parameter, the weather, seasonal variations, and 
movement of humans around the island are not part of the model. No other populations 
(e.g., chickens, birds, etc.) are tracked.  

 
Specific human events, such as immigration, emigration, birth, and death, can be 

represented as single-time sudden changes in the human population. That is, the model will 
not attempt to follow the dynamic effects of adjusting to the sudden change, but it will 
follow the populations up to the event and then after the event with a new starting value. 

 
Thus, the model will contain a population of humans that evolves independently of the cats and rats, and 

populations of cats and rats that interact with the humans and with each other, so the model is of two 

populations of competitive species, each depending on the human population.  
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Model equations 
 

We define the three populations as functions of time: x1[t]=humans, x2[t]=cats, x3[t]=rats. The function 

x1[t] is available from the historical record (see below). The dynamical equations for the cats and rats are: 

 

max

max

2 2

2 2 2 3 2

12

2 2

3 3

3 3 3 2 3

13

3 3

[ ]
[ ] 1 [ ] [ ] [ ]

[ ]

[0]

[ ]
[ ] 1 [ ] [ ] [ ]

[ ]

[0]

j

j kj

j

j

j kj

j

dx x t
A x t Bx t x t C t t

dt w t

x N

dx x t
A x t Bx t x t C t t

dt w t

x N









    



    



 
 

  



  
  
 








 

 
where ( )kjt t   is the Dirac delta function and Ak, B, Ckj, Nk (k=2,3) are constants, and where 

3

0

[ ] w [ ]


k ki i

i

w t x t

 
The physical meanings of the parameters are: 

 

Ak Rate of increase of the populations of cats and rats by natural birth and deaths, 

support from humans, etc. 
 

B Predation of the rats by the cats. With B>0, the cats gain and the rats lose. 
 

Ckj Sudden jumps in the populations. The Dirac delta function [ ]  kjt t  in the 

differential equations causes discontinuous jumps in the populations enabling us to 
account for immigration (Ckj>0) and emigration (Ckj>0) , as well as local events (e.g., 
eradication, catastrophic disease, etc.) that suddenly modify the populations.  

 

Nk  Initial populations. These are the numbers of cats and rats present immediately after 

the arrival of the Bounty. The model does not distinguish between, say, rats arriving 
with the ship from rats already present on the island. We know that N1, the initial 
number of humans from the Bounty, is 27, and we can reasonably speculate that 
N2, the initial number of cats, is “a few”, say 4. It might be anyone’s guess for the 
initial number of rats N3 so it will be considered a relative number. 

 

wk[t]  Carrying capacity. This quantity is the number of individuals which the population k 

approaches at large time, in the absence of any other interactions. In typical 

simulations (e.g., Murray, 1993, p. 63), wk[t] is a fixed number, leading to the 

population growth as an “S” shaped curve called “logistic.” However, in the present 

case we have chosen to make wk[t] a dynamical quantity. For instance, the carrying 

capacity for cats should depend on the human population x1[t] and the rat 

population x3[t], hence we could include these by writing  w2[t]=w20+w21 x1[t]+w23 

x3[t], where w2, w21, w23 are constants. This expression provides a mechanism for the 
populations to interact other than directly by predation. Thus, while the cats 
increase by direct predation on the rats, they also increase by having more humans 
to feed them and care for them. 
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Model 1– Constant human population  
 

To demonstrate the basic dynamics of the cat/rat interaction, we first assume the human population is 

constant 1 1
[ ]x t N  and the carrying capacities are constants: 2 20

[ ] ww t  , 3 30
[ ] ww t  Also, we specify the 

initial cats and rats as 2 2
[0]x N  and 3 3

[0]x N , which are arbitrary. This basis model enables us to 

observe the consequences of sudden changes in the cat and rat populations (using the Dirac Delta functions), 

and of predation. We will use Mathematica to numerically solve the dynamical equations for the populations. 

FIG. 32.3 shows the effects of sudden jumps in the cats or in the rats. Changes in the rat population 

produce correlated changes in the cat population, but changes in the cat populations produce anti-correlated 

changes in the rat population.  

 

  
Sudden increase of cats Sudden decrease of cats 

  
Sudden increase of rats Sudden decrease of rats 

 
FIG. 32.3 Four cases of cat/rat interactions at constant human population. Blue=cats, Red=rats. The human 

population in all four plots is the same constant value, which is immaterial. The time scale is arbitrary. 

 
  

file:///L:/PICs_Chapter_32_Systems/FIG. 32.3 Pitcairn 16a.jpg
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Model 2 – Variable human population 
 

We now introduce the historically correct human population, which includes sudden changes due to 

immigration and emigration. FIG. 32.4 shows the historical record of the human population on Pitcairn 

Island.  

 

 
FIG. 32.4 Historical record of the human population of Pitcairn Island 

 
The function in this figure has five large discontinuous jumps in the human population: 1790, 1831-1832, 

1856, 1930, and 1960. We will represent this historical record with a smooth function that includes these 

discontinuous jumps. To these events, we will add two more discontinuous events: 

 
1820 (Partial) eradication of cats due to their predation on chickens 

1997 (Nearly) total eradication of cats and rats. 

 
We assume the following functions for the carrying capacities: 

 

2 1

3 1

[ ] 10 0.3 [ ]

[ ] 500 10 [ ]

w t x t

w t x t

 

 





 

 
Finally, we solve the dynamical equations for the cat and rat populations, using reasonable values for the 

other parameters. FIG. 32.5 shows one such simulation, running over the 250 years from 1790 to 2040; it is 

typical of simulations we find with various values of the parameters. The simulation shows that when the cats 

were culled around 1820, the rat population increased significantly. When the humans left the island in 1831 

and 1856 the cat population dropped, and the rat population again surged. In 1997, when there was a general 

(and almost total) eradication of both cats and rats, both populations were driven to almost zero; the rats 

recovered much more quickly than the cats. In fact, the islanders had to import cats to deal with the rat 

population explosion.  

  

file:///L:/PICs_Chapter_32_Systems/FIG. 32.4 Population on Pitcairn 12 edit crop axes.jpg
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Varying the parameters (e.g., the growth rates of cats and rats ( k
A ), strength of predation (B), and the 

direct support of cats and rats by the human population ( [ ]
k

w t ), we obtain some variation in the population 

functions. Somewhat to our surprise, we find rather narrow ranges of the parameters for which stable 

simulations are obtained. The simulations do display the basic effects of the cat/rat populations: When the 

cats go up, the rats go down (and vice versa). When the humans leave the island, both the cats and the rats 

decline abruptly. Incomplete eradication doesn’t last long. But using the net result from this simulation is that 

it leads to values of the parameters that are reasonable, and within a narrow range, required.  

 

 

 

 
FIG. 32.5 Model simulations of the populations of Pitcairn Island. (Top) Humans (from FIG. 32.4); (Middle) 

Cats); (Bottom) Rats. These simulations include the major events listed above, including the human migrations 
(1831, 1856), the cat culling (1820), and the cat/rat eradication (1997). 

 
We believe the simulations shown in FIG. 32.5 semi-quantitatively represent the actual cat/rat/human 

populations 1790– 2040. Thus, we believe that the model could reasonably predict the effects of, say, adding 

50 cats to the islands, or the effects of a rat-borne plague that is fatal to humans.  

  

file:///L:/PICs_Chapter_32_Systems/FIG. 32.5 Clip_21 revised.jpg
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Comments on the simulations 
 

The models examined in these simulations are quite typical of models often used for competing 

populations (Murray, 1993). For instance, they have been used in attempts to account for the response to 

invasive species such as the cane toad, the zebra mussel, and the introduction of Nile Perch into Lake 

Victoria. They are also used to model highly nonlinear systems such as the periodic emergence of locusts. As 

such, the important caveats and warnings provided by Murray (p. 88) are appropriate here. Murray warns that 

even if the model simulations seem to agree with the observational data, it does not necessarily imply that the 

model is correct. The basic reason for this weakness is that simulations with many parameters almost always 

can be made to fit noisy, incomplete, or incorrect field data. It is an almost irresistible temptation to simply 

add more parameters to a model until acceptable agreement is reached, but this can be a trap. The lesson here 

is: Given agreement between the history and the model, models with fewer parameters are likely to be closer 

to physical reality (this is exactly Occam’s Razor: Simpler usually implies better). In the above case {humans, 

cats, rats}, we found some evidence that this danger lurks nearby: as we varied the parameters in the 

equations, it was rather easy to produce unstable behavior, e.g., premature extinction or runaway increasing 

populations. Most often, the effect was extinction of the rats and corresponding instability of the cat 

populations. The cure was to back off and stay with parameters that produced finite, even reasonable, 

behavior. The best sets of parameter values, and therefore which behaviors, cannot easily be chosen.  

Mathematically, the instability effects are due to the fact that the dynamic equations are “stiff” (various 

terms have widely differing values). To some extent, this problem can be ameliorated by recasting the 

equations in dimensionless form and imposing constraints derived from the field observations. We have not 

done this (yet), hence the results presented above should be regarded as qualitative, and perhaps some of the 

behaviors we see in the simulations are simply wrong for Pitcairn Island. After all, this model involved 

lumped populations: it does not resolve age, sex, geography, weather, other species, etc.  

However, in defense of the simulations, numerous features consistently emerge that are reasonable and that 

satisfy common sense. Thus, the mirroring of the cat/rat populations via predation (more cats→fewer rats, 

more rats→more cats) is surely correct. Also, the support of both cats and rats by humans undoubtedly is 

responsible for both animals tracking with the human population.  

Among the many questions these simulations raise, the following are significant: For Pitcairn Island, did 

the cat/rat populations smooth out the violent swings in the human population? What would be the effect of 

the humans changing from 1 cat/human to 2 cats/human? Do the populations actually “ring” (over/under-

shoot)? Can any reasonable number of cats cause complete eradication of the rats?  

Because the cat/rat populations on Pitcairn Island are locked with the human population, the future of the 

cat/rat populations might be inferred by simulations such as we have presented here, but effort should be 

made to determine better values of the model parameters, and the model should be expanded to include more 

species (chickens, birds, categories of cats, etc.) and more processes (geography, weather, disease, 

sterilization, etc.). Even with these developments, we believe the simulations will remain qualitative, but, we 

hope, useful.  

Of course, this model ecosystem on Pitcairn Island cannot be taken over intact to Heard Island. However, 

we do have a reasonably accurate record of the sealer population on Heard Island, and we could make 

estimates of the initial populations of elephant seals, leopard seals, penguins, seabirds, and fish, so it would 

not be unreasonable to exercise the model for a {human, elephant seals, leopard seals, penguins, seabirds, 

fish} ecosystem. Of course, we would expect behavior like that seen in FIG. 32.2. 
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Advanced mathematical modeling 
 

The models considered so far use ordinary Coupled Ordinary Differential Equations (CODE) to obtain the 

system dynamics. Such models are described and elaborated in detail by Murray. In fact, there are numerous 

more sophisticated approaches to modeling dynamics, that provide more efficient algorithms and extensions 

to systems not described by sets of continuous variables. We will briefly remark about some of these here. 

Equations with constraints 
The simplest extension of models is to explicitly represent constraints in the CODE system with algebraic 

relations. The most common model is of the form 

 

0( , , ) ( , , )
dx

f x y t g x y t
dt

 
 

 

Here, f and g are arbitrary functions of vectors x,y. One procedure for solving these is to solve the second 

equation for y(x,t) and substitute in the first:  

 

( , ( , ), )
dx

f x y x t t
dt

  

 

This formulation is called Differential-Algebraic Equations (DAE). Solving for y and direct substitution 

may not always be possible. A more general procedure is to differentiate the second equation (multiple times 

if necessary) to obtain coupled equations of the form 

 

( , , ) ( , , )
dx dy

f x y t h x y t
dt dt

   

 

These can be solved with an implicit ODE solver, for instance Mathematica.  

What has been accomplished in this procedure is replacing the algebraic equations, which constitute 

constraints on the system) with a set of coupled ODEs that include the constraints. Solution of the coupled 

equations will therefore automatically include the constraints, thereby avoiding (in many cases) having to 

obtain an explicit expression for the variable y, which is often impossible). 

As an example, consider a set of N competing populations Xi. We could write the following dynamical 

equations for the population, (using the notation presented earlier). 

 

1i i

i i ik i k

k ii

dX X
A X C X X

dt W 

  
 
 
 

  

 

To these equations we can add various constraints, such as: 

 

0
0( ) ( ) / ( )

i i i j ij

i

X X X t X X t     

As the notation implies, the first set of constraints gives the initial conditions; the second set imposes a 

defined function (perhaps a seasonal variation) on the sum of all populations; and the third set imposes 

defined ratios of the various species. For any reasonably complicated (i.e., realistic) system, these equations 

will require numerical solution. 

There is a large literature dating back to the 1950s on DAE systems, including procedures for solving 

them, including numerically. Considerable impetus to this field was provided by the work of Petzold (1982). 

A recent monograph on DAE is that of Kunkel and Mehrmann (2006).  
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Hybrid-population ecosystems 

 
Another complication in modeling ecosystems is the case in which the components should be represented 

with integers. This becomes more important as the numbers of individuals becomes small, i.e., the population 

is in danger of becoming extinct. For instance, on Heard Island the sealing industry very nearly drove the 

elephant seal population to extinction. As the numbers of seals dwindled, the behavior (indeed the entire 

effort) of the sealers was changed, so much so that after only about 10 years, the incentive to go to Heard 

Island for seals disappeared, and so did the human presence on the island. With the removal of humans from 

the equations, the natural balance of seals, penguins, birds, etc. began to return to normal.  

The challenge is to find appropriate (“best”) ways to represent hybrid discrete/continuous populations, and 

again there is a large literature on these hybrid systems. For instance, Strauss, et al., formulate a hybrid 

approach to modeling aquatic ecosystems: 

 
Planktonic communities in ponds and lakes show a high annual dynamic controlled by 

biotic interactions, nutrients and weather. In recent years, there has been an increase in 
demand for realistic and accurate lake models to improve ecological management of water 
bodies and to answer ecotoxicological questions in aquatic risk assessment. Most existing 
aquatic models are either ecosystem models aimed at describing the overall ecosystem 
dynamics, but which are incapable of including individual life-cycles and plasticity, or very 
detailed and realistic individual-based models lacking an appropriate level of environmental 
complexity. To reconcile these concepts, we present a modeling approach using an 
individual-based population model (IBM), integrated within an ecosystem lake model, to link 
responses at the individual and population levels. … Relevant variable environmental 
conditions such as underwater light climate, water temperature, turbulence, and nutrient 
availability are realistically simulated forced by weather conditions. For model testing we 
used data from aquatic mesocosm field studies exhibiting variable nutrient and weather 
conditions and lasting from several months to 2 years. … This study is an example of 
successfully merging individual-based population models with dynamic ecosystem models 
utilizing the accuracy of the former and the dynamic environment of the latter to simulate 
more realistic field populations. 

 

Discrete event simulation (DES)  

 
Another approach to system modeling is that of Discrete Event Simulation (DES). The website 

https://www.med.upenn.edu/kmas/DES.htm describes DES: 

 
Discrete Event Simulation (DES) is a method used to model real world systems that can 

be decomposed into a set of logically separate processes that autonomously progress 
through time. Each event occurs on a specific process and is assigned a logical time (a 
timestamp). The result of this event can be an outcome passed to one or more other 
processes. The content of the outcome may result in the generation of new events to be 
processed at some specified future logical time. 

 
For ecosystems such as Heard Island, we might identify events such as migration, mating, hatching/birth, 

death, etc. The problem gets more difficult if the events are rare, but highly consequential. For instance, a 

volcanic eruption of Big Ben, although rare, could cause a major disruption in populations of penguins and 

seals. For modeling of long-term trends in populations, it may be essential to include these rare-but-

consequential events. There is extensive literature on DES. 

 
  

https://www.med.upenn.edu/kmas/DES.htm
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Graphic simulations 
 

So far, we have neglected the spatial distribution of populations. The reason is that it introduces very 

severe complications in the analysis. At the other extreme, there are instances in which we can consider only 

the spatial distribution, independent of the populations. In this section, we describe two simple cases. Both are 

essentially cellular automata, first popularized by John Horton Conway’s Game of Life. 

 

Heard Island campsite 

 
In preparing for the 1997 expedition to Heard Island, the author wrote a simulation of the campsite using 

Java. The language, which was very new at the time, enabled implementing patterns and simple objects, and 

endowing objects with the ability to move within the screen. Thus, it was possible to animate objects such as 

radio signals, a tractor, and collisions. The purpose of this simulation was to provide visualization for team 

training.  

FIG. 32.6 shows a screen capture of a typical image using this simulation. The fixed landscape includes a 

sandy plain (yellow), plants (green), and the bay (blue). On the sandy plain are symbols for the tent, radio 

antennas, a vehicle path, a fuel dump, the ANARE ruins (“off limits”), etc. Now and then, the tractor would 

move about the sandy plain, in a foraging-like path. If it encountered the coast or the restricted area, it would 

turn around and move away. If it encountered the fuel dump, there would be a big explosion. Meanwhile, the 

radio stations would emit radio signals (either isotopically or in beams), and the system would accumulate the 

statistics of the activity.  

 

 
FIG. 32.6 Simulated campsite at the ANARE station on Heard Island. This graphic simulation ran automatically, 

generating motion of the tractor, radio waves, and hazards such as the fuel dump and the ocean. 

 
While the original program was not equipped as a game, to do so would be rather easy. Players would 

control the tractor, generators, fuel, radio emissions, and personnel. The game would be won by the player 

who accumulates the most points operating radio and has the fewest problems (such as fuel dump explosions). 

  

file:///L:/PICs_Chapter_32_Systems/FIG. 32.6 1997 campsite simulation.jpg
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SimAnt 

 
One of the earliest graphic video games was SimAnt, created in 1991 by Will Wright, founder of Maxis. 

The company would go on to create the Sim series: SimLife, SimCity, SimEarth, etc. In SimAnt, the player 

plays the role of an ant in a colony of black ants in the back yard of a suburban home. The ant colony must 

battle against enemy red ants. The ultimate goal is to spread throughout the garden, into the house, and finally 

to drive out the red ants and human owners.  

FIG. 32.7 shows a typical screen, including black and red ants, food (green), rocks, and a large spider 

(middle right). In the main mode, the player establishes a black ant colony in a small patch of yard. The 

computer opponent establishes a competing red ant colony in the same patch. The player has direct control of 

a single ant at a time, indicated by a yellow color. The player's yellow ant may influence the behavior of other 

black ants by leaving pheromone trails to destinations such as food, and enemy ant colonies and can control 

the other ants in a limited way (by ordering a certain number to follow it, for instance). The player's yellow 

ant may pick up food and pebbles, engage in trophallaxis (receiving regurgitated food from friendly ants), and 

attack enemy ants. Groups of ants (or the yellow ant with her recruits) may attack and kill bigger enemies like 

spiders, caterpillars, and antlions. The game is won or lost when either the red or black colony in the patch is 

defeated (all are killed).  

 

 
FIG. 32.7 SimAnt: simulation of a system of black and red ants, green food, grey rocks, and brown soil. The 

yellow ant has exceptional abilities. A surprise is the spider at right that preys on the ants. 

 
The author became interested in SimAnt as a result of his involvement in artificial life. An attempt was 

made to evaluate how well the rules for the simulations produced behavior actually observed in Nature. It was 

found to be quite good. The point of including this example in this book is to show that rule-based graphic 

simulations are potentially capable of representing behaviors sufficiently accurately to be useful for modeling 

real behaviors in a finite ecosystem such as a set of biota on Heard Island. Thus, imaging a satellite view 

including Heard Island and ocean out to, say, 200 km. Individual elephant seals and leopard seals, plus 

individual penguins, forage in the fish stocks away from the island. In addition, the species carry on life 

processes (births, deaths, etc.), leopard seals prey on the penguins, and the fish enable populations of 

predators to grow. 

  

file:///L:/PICs_Chapter_32_Systems/FIG. 32.7 SimAnt mod proc 4.jpg
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Spatially dependent processes 
 

So far, we have considered systems in which there is no explicit spatial dependence: the population is not 

dependent on where it is. To include space in the dynamics, we will need to include the dependence of the 

variables on spatial coordinates, and this will introduce spatial derivatives. Murray (1989) shows how this is 

done and gives numerous detailed examples. The fundamental equation for population dynamics including 

space is 

 

2( , )
dX

F X t D X
dt

    

 
In this equation X, F, and D are vectors. As an example, suppose there are three components in the system: 

{P,Q,R}. The dynamics is then represented by the three coupled (nonlinear) equations: 
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Equation sets such as these can be solved (numerically if necessary) by the same techniques described 

above.  

Murray formulated various problems in terms of these fundamental equations. Examples include pattern 

formation, invasion, and epidemics.  

Murray also described a significant suggestion by Turing (1952): Turing said that in the absence of 

diffusion (DP=DQ=DR=0), P, Q, and R tend toward a “linearly stable uniform steady-state.” Then, under 

certain conditions, spatially inhomogeneous patterns can evolve iff DP≠DQ≠DR. The physical mechanism is 

“diffusion-driven instability.” The result is that spatial patterns can (and under the proper conditions, will) 

evolve in the system, and this occurs spontaneously. Classic examples are tiger stripes and leopard spots.  

Without engaging further details, we can infer from this that on Heard Island such models might be able to 

simulate not only the numbers of plants, invertebrates, penguins, seabirds, seals, and other parts of the 

ecosystem, but also their locations. Such a task would be ambitious, but not impossible. In analogy, weapons 

designers have developed large-scale codes that simulate the detailed time development of the detonation of a 

nuclear bomb, and they can predict quite accurately various performance measures such as the total energy 

yield, the spectrum and nature of the radioactive isotopes released, and the shock waves that propagate in the 

surrounding media. Thus, it does not seem at all impossible to simulate the entire Heard Island system with a 

large complex code, to an acceptable fineness (temporal and spatial resolution). If successful, such 

simulations could be used to make relatively accurate predictions of the evolution of the entire system.  
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Hardware-based simulation 
 

So far, we have considered only simulations implemented as software on digital computers. However, 

there is a large, and increasing, move toward “application-specific” hardware. The basic idea is that if we 

abandon the requirement for the computer to be multi-purposeful (e.g., programmable), we can get a vast 

increase in performance (speed, number of variables, etc.).  

 

ASICs 

 
Application-Specific Integrated Circuits (ASICs) have become common since their invention in 1967. A 

typical ASIC is shown in FIG. 32.8. In 50 years, they have been developed to include logic-only gate arrays 

(LGA), field-programmable gate arrays (FPGA), hybrid analog-digital arrays (HADA), and a large variety of 

other architectures. This author believes that simulation of any reasonably complicated system with a normal 

digital computer cannot give meaningful results. The far better way is to define the system carefully, perhaps 

implement the model on a FPGA, and have an ASIC of appropriate architecture fabricated.  

 
 

 
FIG. 32.8 A typical ASIC 

NanoLogic 

 
Nanologic is based on the idea that devices with hybrid digital/analog transfer characteristics have the 

potential for being far more efficient (e.g., faster) than either pure digital or pure analog circuits. The 

technology was invented by the author, but it is not yet commercially developed.  

A Nanologic integrated circuit is a (very, very large) array of electronic devices. Applying a voltage across 

a single device will cause a current to flow through it; the ratio of the current to the applied voltage is called 

the “transfer function.” Pure digital devices have transfer functions that have only two possible values: on/off, 

or 1/0. Purely analog devices are forced to have transfer functions that are proportional to the input; they are 

linear amplifiers. In contrast, Nanologic devices can have completely arbitrary transfer functions. The current 

through the device can be a nonlinear, non-monotonic, discontinuous function of the applied voltage. This 

capability enables the devices to have a vastly greater information density and to perform processing on a 

signal that otherwise would be very inefficient. Estimates of the increased logic density, speed, and flexibility 

suggest that a NanoLogic processor would have millions of times the throughput of even the best 

contemporary computers. In fact, it is relatively easy to define problems that cannot be solved on any digital 

computer (current or future) but could (in principle) be solved with a Nanologic processor.  
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SET Theory Computation 

 
One potential area of application of NanoLogic processors is SET Theory. A SET is defined as a collection 

of objects considered to be a single object. SET Theory is used to construct all other mathematical 

formulations, so implementation of SET Theory in NanoLogic would be a major advantage in machine 

processing of information, symbols, concepts, and many other mathematical fields.  

In principle, Nanologic can implement electronic circuits to represent a SET of any complexity. An 

example is shown in FIG. 32.9, in which a voltage SET is converted by a complex, non-smooth transfer 

coefficient to a current SET. The electronic device that does this has a size in the nanometer range, about 

1/100 of the characteristic size of microelectronics.  

 

 
FIG. 32.9 A basic NanoLogic circuit device: a hybrid 

transfer characteristic is used to represent a SET 

 
FIG. 32.10 NanoLogic connection diagram for a 

circuit that solves the SET relations below 

 
As a specific example, consider the two coupled SET Theory expressions: 

 

  \A X B

B X C

 

   
 

Given SETs A,B,C, the challenge is to find the SET X that satisfies these two coupled relations. FIG. 

32.10 shows a NanoLogic connection diagram that will solve the equations for the SET X.  

While the (relatively simple) problem above can be solved digitally with available computers and SET 

Theory software, a realistic ecosystem system would involve vastly more complex SET expressions, and such 

problems could not be solved digitally. Thus, Nanologic represents a potential technology for implementing 

simulations of extremely complex systems, particularly systems that cannot be simulated digitally.  
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Quantum Computing 

 
In recent years, Quantum Computing (QC) has received considerable publicity. The central attraction of 

QC is the promise that it can solve computational problems significantly faster than classical digital 

computers. According to Wikipedia, in 1981 Richard Feynman and Yuri Manin suggested that a quantum 

computer had the potential to simulate things that a classical computer could not. The literature provides 

many estimates of the computing “power” of QC, although most of these are future projections.  

A typical laboratory system that implements some form of QC is shown in FIG. 32.11. 

 

 
FIG. 32.11 The IBM Q quantum computer 

 
A typical statement found on the internet is the following: (Livingston and Liu, 2020).  

 
In 2019, a quantum computer completed in 200 seconds a task that classically takes 

10,000 years. This exponential increase in speed has the potential to upend encryption 
critical to national security, solve optimization problems for artificial intelligence, and even 
advance research on undiscovered drugs. Speed means that computational tasks can be 
accomplished faster and more precisely than ever before. 

 
As spectacular as is the projected performance of QC, it still contains a flaw that could impose limits on its 

ability to solve real-life problems. The reason is that it is (by decision and design) inherently digital: it is 

manipulating bits, albeit in a super-massively parallel process. But it is still the case that it is relatively easy to 

define (or encounter) digital problems that cannot be solved by any digital device, no matter how advanced. 

As mentioned above (see NanoLogic), it always takes a finite time to flip a bit, and the speed of light limits 

the number of bits that can be flipped “simultaneously”. If τ is the flip-time, and n is the number flips needed, 

and m bits can be flipped “simultaneously, the time needed to solve the problem is (n/m) τ. All that is 

necessary to define an “uncomputable” problem is to define the problem with N>(n/m) τ. Since (n/m) τ is 

finite, just select N to be greater than (n/m) τ. This argument pushes one to seek a qualitatively different way 

to represent data than using bits; one of these is Nanologic.  

  

file:///L:/PICs_Chapter_32_Systems/FIG. 32.11 IBM Q quantum computer.jpg
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Chapter 33 EcoSimulation 
 

Advanced ecosystem modeling 
 

The mathematical methods described so far for systems simulation have been used for decades, sometimes 

quite successfully. However, frequently they have been found to be inadequate, so additional methods have 

been developed. One particularly valuable reference is the collection of short papers Modeling Complex 

Ecosystem Dynamics, Jopp, et al. (Eds.). Here are brief descriptions of a few of these methods. 

 

Cellular automata 
Cellular automata (CA) are models that generate large-scale patterns from small, local, 

and usually simple, rules. By far the most famous example is Game of Life, invented by John 
Horton Conway. The 2D (infinite) cellular array is populated by labelling every cell with 0/1 
(or black/white). A very simple set of rules replaces each cell value, producing a new array. 
Iteration of this process produces patterns that are delightfully similar to many patterns and 
processes found in life. The main limitation of CAs is in the granularity of the cellular array, 
and the extreme simplicity of rules typically used. A sophisticated modeler can extend the 
rules in many ways to provide complexity in the simulations. The challenge then will be to 
show that such simulations have some power to represent reality. – – Breckling, et al., Ch. 8. 

 

Fuzzy Logic 
Fuzzy logic allows a modeler to deal with uncertain information, to combine quantitative 

and qualitative data, to avoid artificial precision, and to produce results that are found more 
often in the real world. As such, it is very powerful in describing real ecosystems which are 
seldom represented precisely. The key mathematical tool is to represent statements not 
with a true/false value but having a “degree of truth” in a normalized interval 0-1. This idea 
is so powerful that hundreds of publications have used fuzzy logic to describe ecosystems 
and make meaningful predictions about them.  – – Marchini, Ch. 10. 

 

Neural networks 
Neural networks are electronic computing systems inspired by biological systems, 

especially animal brains. The system [consists] of a large number of “nodes” which loosely 
model neurons in a brain. The nodes can transmit a signal to other nodes. Like biological 
neurons, the nodes have thresholds, nonlinear processing, and complex organizations. In a 
brain the network has evolved in Nature; in an artificial NN the network attempts to 
represent biological brain organization. The most interesting, and useful, aspect of neural 
networks is their ability to “learn,” i.e., to reconfigure themselves according to the 
information they contain. This obviously represents a very powerful potential for simulating 
complex ecosystems. – – Wikipedia, Artificial Neural Networks. 

 

Grammar-based models 
A “grammar” is a set of rules for replacing a substructure in a system by other 

substructures. This process can represent the growth of a structure in branching patterns, 
especially appropriate for plants. Some neural networks formalisms can combine structural 
and functional features of plants in one coherent framework. An example of this kind of 
system is a stand of (conifer) trees competing for light. The trees are represented as objects, 
(needles, branches, trunk, roots, etc.). It includes shadowing, photosynthesis, etc., and 
predicts tree height, needle mass, etc.  Neural network models are often implemented in a 
language (e.g., XL) particularly suited for branching systems, such as self-similar structures 
such as fern leaves and fractals. – – Kurth and Lanwert, Ch. 11.  
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Individual-based models 
Individual-based approaches to modeling (IBM) are represented by the enumeration 

and behavior (including interaction) of individuals with specific properties. A big advantage 
of this approach is that it facilitates studies of emergent properties, at a low level of 
abstraction. IBM models are normally implemented on the definition of distinguishable 
individuals, plus rules for updating the properties of individuals. A common example is 
imposition of individuals into the Lotka-Volterra dynamics of predator-prey interaction. Such 
simulations show predators and prey moving in space as a result of their interaction. The 
development of the SIMLA language in the 1960s led to object-oriented programming and 
individual-based simulations. – – Reuter, et al., Ch. 12. 

 

Chaos 
Chaos refers to dynamical systems for which long-term prediction of state and change are impossible. 

Generally, this is equivalent to random (or pseudo-random) behavior. Chaotic systems have enjoyed an 

explosion of work and play over the past 20 years. Methods of describing and dealing with such systems have 

matured and provide a large literature. 

 

Numerical software 
As mentioned earlier, very few complex sets of model equations can be solved for explicit algebraic 

functions. Generally, the only option we have is numerical solutions. This limits us to the accuracy of the 

digital solver and by the inability to leave some (or all) parameters undefined, using them as variables as we 

would do if an algebraic solution is available. Fortunately, there are many methods and many software 

packages available for numerical solutions of differential-algebraic equations (DAE), including: Kunkel, P. 

and Mehrmann, V. (Eds), 2006. Differential-Algebraic Equations. European Mathematical Society, Ch. 8. 

Some of the many mathematical packages that are available are: 

 
ADAMS SCILAB OCTAVE NAG 
MATHEMATICA DYMOLA SIMPACK PSIDE 
NETLIB MATLAB MAPLE SUNDIALS 

 

Geographic Information System (GIS) 
GIS is a software procedure (and large number of applications) for gathering, 

representing, managing, analyzing, and interpreting geographic and spatial data. The 
acronym GIS also refers to Geographic Information Science. One form of GIS information and 
software is “Quantactica, an integrated environment for Antarctica, the Southern Ocean, 
and sub-Antarctic Island.” Released in June 2021, it is a publicly available regional data 
package for Antarctica and Southern Ocean. It allows the user to explore, import, visualize, 
and share Antarctic data.– – Wikipedia 

 

Model integration 
By now it is evident that, in general, no one mathematical model, or even any single approach, will be 

effective and accurate for modeling complex ecosystems, even using numerical methods. Increasingly, it is 

becoming essential to combine several individual models and/or methods. This is called Integration, and the 

approach is called Integrated Environmental Modeling (IEM).  It aims to combine models, data, and 

knowledge on technical and conceptual bases. A particularly advantageous combination is the use of GIS to 

support IEM. The advantages (and even requirements) go well beyond the scientific procedures and results: 

resource managers, policy authorities, and planners increasingly expect accessible, manipulable, and 

presentable spatial information, and IEM/GIS is a powerful tool for this task. 

 
  

https://www.mscsoftware.com/product/adams
https://www.scilab.org/
https://www.gnu.org/software/octave/index
https://www.nag.com/
https://www.wolfram.com/mathematica/
https://www.3ds.com/products-services/catia/products/dymola/
https://www.3ds.com/products-services/simulia/products/simpack/
https://www.processlibrary.com/en/directory/files/pside/442028/
https://www.netlib.org/
https://www.mathworks.com/products/matlab.html
https://www.maplesoft.com/
https://computing.llnl.gov/projects/sundials
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With the development of analytic and mathematical tools for predicting the time dependence of 

components of an ecosystem, we are ready to think seriously about how we should define a more realistic 

model ecosystem. Ecosystems are complicated, and their simulation is conceptually and mathematically 

challenging. It is one thing to generate a hypothetical model system and make predictions about how it would 

behave, but it’s another to define an ecosystem realistic enough to provide simulations that might be true to 

Nature.  

In general, the steps will be: 

 
 Define the system 
 Set up a mathematical representation of the system 
 Define initial conditions 
 “Compute” the time evolution of the system 
 Compare the predictions with the real ecosystem 
 Correct the model and iterate the procedure. 

 
While the above procedure seems straightforward, many questions arise, such as: 

 
 What do we want to learn from a simulation of the ecosystem? 
 What components should we include?  
 What is an optimum level of complexity? 
 What granularity is appropriate? 
 What form of mathematical representation should we use? 
 What time scales do we expect/desire in the simulation? 
 What hardware will be appropriate to give the quantities we want? 
 How can we test the validity of the model predictions? 

 
It is tempting to simply move forward to list every component in the ecosystem that comes to mind. Table 

33.1 is an example of this process (unsuccessful). While being potentially useful for identifying variables, the 

entries in this table are not quantified, hence are not ready to be incorporated into mathematical models. For 

example, consider the item BIOTA-TAXA/Vegetation. We could not simply include “vegetation” in an 

equation; it would have to be quantified, perhaps into many different variables. Thus, we could consider: 

 
 BIOTA-TAXA/Vegetation 
o Species list 
o Areal coverage 
o Total biomass 
o Dependence on precipitation 
o Dependence on insolation 
o Consumption by animals 
o Competition for space 

 
Clearly, the challenge of making a computable model rapidly grows (exponentially!) to be beyond 

unwieldly, eventually becoming patently unworkable. This is graphically illustrated in FIG. 32.1 for an 

Antarctic food web with only 18 components connected by 33 paths.  

Table 33.1 lists a variety of components of the Heard Island ecosystem that are potential candidates for 

system variables and/or environmental indicators. The complexity of such systems is manifest. If we were to 

attempt to construct such a diagram for Table 33.1, it would contain 73 components connected by more than 

4x10
105

 potential links! 
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Table 33.1 Candidates for ecosystem variables and/or environmental indicators 

GEOLOGIC 

Eruptions 
Lava 
Till 

Emittants 

BIOTA TAXA 

Vegetation 
Spatial stability 

Commensals 
Migration 

Invertebrates 
Birds 

Mammals 
Marine 

Dominant species 
Parasites 

GLACIAL 

Profile 
Mass 

Movement 
Scour 

Calving 
Retreat 

Fractional ice cover 

ATMOSPHERIC 

Temperature 
Pressure 

Daylight hours 
Wind 

Vortices 
Insolation 

Clouds 
Precipitation 

High altitude snow 
Rain 
Hail 

Rainbow 
Halos 

Shadows 
Aurora 

FLUVIAL (RIVERS, 
STREAMS) 

Proglacial 
Floods 
Burden 

Meandering 
Flow volume rate 

OCEANIC 

Temperature 
Currents vs depth 

Food load 
Debris influx 

LACUSTRINE 
(LAKES) 

Profile 
Volume 
Salinity 

Turbidity 
Flow 
Icing 
Biota 

DEBRIS 

Plastic 
Metal 
Bones 

Micro objects 

BIOTA GENERAL 

Diversity 
Populations 

Indigenous fraction 
Feeding 
Nesting 

Predation 
Aerial invasive species 
Natural immigration 

Thermophiles 
Freshwater taxa 

Marine taxa 
Migration Foraging 

HUMANS 
Research 
Visitors 
Policy 

 
 

Clearly, modeling ecosystems cannot be done by brute force. We will have to simplify the system and 

restrict what we want to know about it if we have any chance at all of succeeding. In the next section we 

describe a useful and widely used approach: Environmental Indicators.  
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Environmental indicators 
 

There is a procedure for getting control of the model simulations, namely, to establish relatively simplified, 

lumped variables called Environmental Indicators, that are meaningful to humans, and set up the simulation 

in terms of these variables. A major trend in environmental reporting is the State-of-the-Environment (SOE) 

Report. Ecosystem models with built-in environmental indicators provide a relatively direct and easy means 

for managers and policymakers to understand what the ecosystem is doing and its likely trends.  

It is important to note that environmental indicators are not the same thing as environmental variables. In 

some cases, the environmental variables could be considered part of the input to the ecosystem simulation, 

while the indicators would be the result of the simulation. Indicators are simpler, more meaningful quantities 

that give overall indication of the state of the system. In this section, we provide some discussion of 

environmental indicators, including indicators for the Antarctic and for Heard Island.  

Wikipedia provides the following: 

 
Environmental indicators (EI) are simple measures that tell us what is happening in the 

environment. … Indicators provide a more practical and economical way to track the state of 
the environment than if we attempted to record every possible variable in the environment. 
…Indicators are developed based on quantitative measurements or statistics of 
environmental condition that are tracked over time. Environmental indicators can be 
developed and used at a wide variety of geographic scales, from local to regional to national 
levels. … 

 
The United Nations Environment Program (UNEP) describes “indicators” as: 

 
A parameter, or a value derived from parameters, which points to, provides information 

about, describes the state of a phenomenon/environment/area, with a significance 
extending beyond that directly associated with a parameter value. … 

Indicators are generally understood to be “signs” that point out, or stand for, 
something. They provide clues about the condition or viability of a system or the state of its 
health. … 

Environmental indicators can be qualitative and/or quantitative, based on physical, 
chemical, biological, or economic measures, and they can portray the parameters through a 
variety of visual means, including graphs, pie charts, tables, data diamonds, maps, and 
remote sensing from satellites and aircraft. 

Environmental Indicators provide early warning signals for emerging environmental 
problems. They are increasingly being recognized and used for their key role in improving 
decision making. 

 
UNEP lists the following criteria for selecting environmental indicators: 

 
 Are they affordable? 
 Are they compatible with other sets of indicators? 
 Are they scientifically valid? 
 Can they be trusted? 
 Were they selected and developed in a transparent manner? 
 Will anyone care? 
 Will people understand them? 
 Will they lead to action? 
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Environmental indicators are adopted through a selection and/or aggregation process sufficiently relevant 

and precise to trust them to steer the action. UNEP provides the following steps to develop an environmental 

indicator (Table 33.2).  

 
Table 33.2 Twelve steps in developing an environment indicator 

1 Identify themes and issues related to the overarching vision and goal. 

2 Propose an initial set of candidate indicators. 

3 Select an analytical framework that links goals to indicators. 

4 Develop a list of criteria for indicator selection. 

5 Evaluate indicators according to criteria. 

6 Define a core set and/or a suite of indicator sets for different users. 

7 Identify data sources and data gaps. 

8 Gather data and populate the indicators; standardize measurement wherever possible. 

9 Compare indicator values to targets, thresholds, and policy goals, as appropriate. 

10 Disseminate results. 

11 Assess strengths and weaknesses of indicator set. 

12 Continue development of superior indicators. 

 
However, indicators have limitations and potential dangers. UNEP puts it this way: “There are limitations 

on the use of indicators…the first being the risk of oversimplification.” Examples of these limitations are: 

 
 Failing to provide information about the capacity of ecosystems to sustain their supply of 

goods and services 
 Aggregation will be counterproductive if the index becomes too abstract or if it hides 

defects in the condensing of many features of an issue into a single measure 
 Indicators cannot assess policy performance, which involves producing and 

communicating information about the key interactions between the natural environment 
and society. 

 
UNEP concludes: “Finally, with the emergence of new environmental problems or in response to 

environmental change, it is important that indicators are flexible and can be revised.” The emphasis in UNEP 

is on indicators that impact public policy. This is a step beyond the purely scientific simulation of the 

ecosystem. However, it is not too great a stretch to relate purely scientific simulations to management policy. 

Indeed, resource management is the most likely sponsor of research. UNEP provides the following 

categorization of indicators (Table 33.3).  

 
Table 33.3 Criteria for selecting environmental indicators 

Feasibles 
Candidate indicators that can be developed because data are 

available. 

Core set 
Indicators selected from the feasible candidates, based on a list of 

criteria. 

Supplemental 
Indicators developed for specific users and/or to show more detail 

about complementary sets specific issues or places 

Headline 
A small set of indicators selected from the core set to best 

represent each issue 

Indices 
Aggregated and composite indicators to give a snapshot for 

decision-makers 

Alarms 
Indicators to be constantly monitored so as to enable timely 

warning about adverse changes threatening to exceed set 
thresholds 

Diagnostics 
Indicators developed to provide an in-depth analysis of the issues 

highlighted by the alarm indicators 

 
  



 

Chapter 33 ECOSIMULATION ⃝ Page 729 

The Australian government provides various lists of SOE indicators for the Antarctic environment. These 

rely on long-term monitoring, allowing for long-term monitoring of environmental and other variables, 

including anthropogenic effects. Table 33.4 shows one list of indicators (we are not aware of the reason for 

the noncontiguous numbering). 

 
Table 33.4 SOE indicators for the Antarctic environment. [Source: SOE]. 

Atmosphere 

1 - Monthly mean air temperatures at Australian Antarctic Stations 
2 - Highest monthly air temperatures at Australian Antarctic Stations 
3 - Lowest monthly air temperatures at Australian Antarctic Stations 
4 - Monthly mean lower stratospheric temperatures above Australian Antarctic Stations 
5 - Monthly mean mid-tropospheric temperatures above Australian Antarctic Stations 
8 - Monthly mean atmospheric pressure at Australian Antarctic Stations 
9 - Daily records of total column ozone at Macquarie Island 
10 - Daily broad-band ultra-violet radiation observations using biologically effective UVR detectors 
11 - Atmospheric concentrations of greenhouse gas species: C13 isotope, carbon dioxide, carbon 

monoxide, hydrogen, methane, nitrous oxide, oxygen 
14 - Midwinter atmospheric temperature at altitude 87km 

Biodiversity 
31 - Annual population estimates of Southern Elephant Seals at Macquarie Island 
72 - Windmill Islands terrestrial vegetation dynamics 

Human 
Settlements 

48 - Station and ship person-days 
50 - Volume of wastewater discharged from Australian Antarctic Stations 
51 - Biological Oxygen Demand (BOD) of wastewater discharged from Australian Antarctic Stations 
52 - Suspended solids (SS) content of wastewater discharged from Australian Antarctic Stations 
53 - Waste returned to Australia 
54 - Amount of waste incinerated at Australian Antarctic Stations 
56 - Monthly fuel usage of the generator sets and boilers 
57 - Monthly incinerator fuel usage of Australian Antarctic Stations 
58 - Monthly total of fuel used by vehicles at Australian Antarctic Stations 
59 - Monthly electricity usage at Australian Antarctic Stations 
61 - Total potable water consumption at Australian Antarctic Stations 
83 - Quality of Potable Water at Australian Antarctic and Subantarctic Stations 
86 - Quarry Operations at Australian Antarctic Stations 

Land 62 - Water levels of Deep Lake, Vestfold Hills 

 
As mentioned above, some of these such as station and ship person-days and annual population estimates 

of Southern Elephant Seals, are simply records found in operation logs or field documentation. Others, such 

as Daily broad-band ultra-violet radiation and water levels of lagoons, might be candidates for calculation by 

detailed ecosystem models or human-monitored onsite observations. 
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The AAD lists the following environmental indicators (Table 33.5). Almost all of these are indicators that 

are observational, rather than emergent from models. 

 
Table 33.5 AAD environmental indicators 

Indicator Description 
SOE_adelie_demog Demographics of an Adelie penguin population at Bechervaise Island, Mawson, 

Antarctica 

SOE_chlorophyll Average Chlorophyll concentrations for the Southern Ocean across latitude bands 
40-50 deg S, 50-60 deg S, 60 deg S-continent 

SOE_contaminated_sites_impact Estimated environmental impact and ecological risk posed by contaminated sites 
in the Australian Antarctic Territory and Australian subantarctic islands 

SOE_contaminated_sites_manage Management of contaminated sites in the Australian Antarctic Territory and 
Australian subantarctic islands 

SOE_effluent_BOD Biological Oxygen Demand (BOD) of wastewater discharged from Australian 
Antarctic Stations 

SOE_effluent_SS Suspended solids (SS) content of wastewater discharged from Australian 
Antarctic Stations 

SOE_effluent_volume Volume of wastewater discharged from Australian Antarctic Stations 

SOE_environmental_training Number of expeditioners undergoing formal environmental training 

SOE_fast_ice_thickness Fast ice thickness at Davis, Mawson and Casey 

SOE_fur_seals Environmental determinants of fecundity and pup growth in fur seals 

SOE_generator_boiler_fuel_usage Monthly fuel usage of the generator sets and boilers at Australian Antarctic 
Stations 

SOE_helicopter_hours Total flight hours in the Australian Antarctic Territory (AAT) by Australian 
helicopters and 7fixed wing aircraft 

SOE_heritage Resources committed to heritage expertise 

SOE_human_population Station and ship person-days 

SOE_incinerated_waste Amount of incinerated waste from Australian Antarctic Stations 

SOE_incinerator_fuel_usage Monthly incinerator fuel usage of Australian Antarctic Stations 

SOE_medical_consultations Number of medical consultations at Australian Antarctic stations 

SOE_potable_water Total potable water consumption (litres) 

SOE_potable_water_quality Quality of Potable Water at Australian Antarctic and Subantarctic Stations 

SOE_protected_areas The number and area of protected areas in the Australian Antarctic and 
subantarctic jurisdiction. 

SOE_quarry_operations Quarry Operations at Australian Antarctic Stations 

SOE_rare_events The number and nature of incidents resulting in environmental impact in the 
Australian Antarctic Territory 

SOE_RTA_waste Quarantine waste, including recyclables, returned to Australia from Australian 
Antarctic stations 

SOE_sea_surface_salinity Average sea surface salinity in latitude bands: 40-50 deg S, 50-60 deg S, 60 deg S-
continent 

SOE_sea_surface_temp Average sea surface temperatures in latitude bands: 40-50 deg S, 50-60 deg S, 60 
deg S-continent 

SOE_sewer_kingston Sewer outflow composition and flow rates for the Australian Antarctic Division, 
Kingston. 

SOE_SFU Monthly electricity usage at Australian Antarctic Stations 

SOE_ship_fuel Monthly fuel usage (of the main engines, generator sets and boilers) of ships 
travelling to Australian Antarctic Stations 

SOE_stormwater_kingston Stormwater outflow composition for the Australian Antarctic Division, Kingston 

SOE_tourist Tourist ship visits and tourist numbers 

SOE_vehicle_fuel_usage Monthly total of fuel used by vehicles at Australian Antarctic Stations 

Source: SOE indicators.  

 
  

https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_adelie_demog
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_chlorophyll
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_contaminated_sites_impact
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_contaminated_sites_manage
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_effluent_BOD
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_effluent_SS
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_effluent_volume
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_environmental_training
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_fast_ice_thickness
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_fur_seals
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_generator_boiler_fuel_usage
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_helicopter_hours
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_heritage
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_human_population
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_incinerated_waste
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_incinerator_fuel_usage
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_medical_consultations
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_potable_water
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_potable_water_quality
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_protected_areas
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_quarry_operations
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_rare_events
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_RTA_waste
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_sea_surface_salinity
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_sea_surface_temp
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_sewer_kingston
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_SFU
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_ship_fuel
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_stormwater_kingston
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_tourist
https://data.aad.gov.au/aadc/metadata/metadata.cfm?entry_id=SOE_vehicle_fuel_usage
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Here is an example of a description of an environmental indicator for Heard Island (edited slightly): 

 
Indicator 70 - Vascular plants on Heard Island: The presence or absence of vascular 

plant species in two defined areas of Heard Island.  
 
Motivation 
Heard Island arguably is one of the most rapidly changing environments for vegetation 

in the subantarctic region, due to its extensive and rapid glacial retreat. This retreat has been 
accelerated by rising regional temperatures which have been reported across the Southern 
Ocean islands (see Bergstrom and Chown 1999, Frenot et al. 1997). Between 1947 and 2000 
approximately 36 km

2
 of new terrain (including several large lagoons) has been exposed by 

ice retreat, representing nearly 10% of the total area of the island (Ruddell, in prep).  
New land and ameliorating conditions present the opportunity for colonization by 

plants. There are three likely sources from which propagules (e.g., seeds and fruits) can 
arise: (1) local vegetation; (2) long-distance dispersal, particularly on migratory birds blown 
in from low altitude storms; and (3) dispersal by humans. In addition, Heard Island possesses 
the smallest vascular plant flora of any major subantarctic island (11 species so far 
recorded). Many species on the island, including the major plant species (Azorella selago), 
are “tolerator” species and poor competitors (Bergstrom and Selkirk 2000). The 
consequence of this is that, not only are there opportunities to colonize new areas on Heard 
Island, there are also opportunities for more aggressive species to invade already vegetated 
areas. Species that are demonstrating rapid change include Azorella selago, Poa annua, and 
Acaena magellanica). 

Indicator 70 monitors newly arrived species and the expansion of already established 
species in defined ice-free regions on Heard Island. It is a measure of how vegetation is 
responding to changed environmental conditions. 

 
Monitoring program 

Spatial scale:  Northern and eastern survey areas on Heard Island. 
Frequency:  Ground surveys of the selected areas will be conducted every three 

years.  
Measurement technique:  Surveys will be restricted to below 200 m in altitude. 

Time to survey the defined areas is approximately 7 days for the 
eastern region and 4 days for the northern region (weather 
permitting). 

 
Analysis of indicator data 
Vascular plant species diversity for an Eastern location and a Northern location on Heard 

Island are calculated using data acquired from surveys determining the presence or absence 
of eleven vascular plant species in these regions (Azorella selago, Poa cookii, Pringlea 
antiscorbutica, Colobanthus kerguelensis, Callitriche antarctica, Poa kerguelensis, Montia 
fontana, Acaena magellanica, Deschampsia antarctica, Ranunculus crassipes, Poa annua). 
The areas selected include a mixture of older deglaciated areas (> 2000 years) and newly 
deglaciated areas. 

Increase in species richness within a region could mean either expansion of the current 
intra-island distribution, a new arrival, or an introduction by humans. Reduction in vascular 
species richness may be due to destruction of biota or habitat by human or animal activities, 
or changes in climatic regimes reducing the range of a species. Selected sites will be 
monitored temporally. 

– – J Scott and D. M. Bergstrom Nov 2001. 
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Island biogeography 
 

One way to reduce models of the Antarctic (and the subantarctic) to a manageable formalism is to consider 

biogeographic provinces. Biogeography is the study of the distribution of biodiversity across space and 

through time. Wikipedia gives a clear description of biogeography as a tool for understanding some of the 

central questions and mysteries we observe in Nature: 

 
The patterns of species distribution across geographical areas can usually be explained 

through a combination of historical factors such as speciation, extinction, continental drift, 
and glaciation. Through observing the geographic distribution of species, we can see 
associated variations in sea level, river routes, habitat, and river capture. Additionally, this 
science considers the geographic constraints of landmass areas and isolation, as well as the 
available ecosystem energy supplies. 

Over periods of ecological changes, biogeography includes the study of plant and animal 
species in their past and/or present living refugium habitat; their interim living sites; and/or 
their survival locales. … Biogeography does more than ask “Which species and Where?”; it 
also asks “Why?” and, what is sometimes more crucial, “Why not?” 

 
Wikipedia specifically highlights the importance of islands: 

 
Biogeography is most keenly observed on the world's islands. These habitats are often 

much more manageable areas of study because they are more condensed than larger 
ecosystems on the mainland. Islands are also ideal locations because they allow scientists to 
look at habitats that new invasive species have only recently colonized and can observe how 
they disperse throughout the island and change it. They can then apply their understanding 
to similar but more complex mainland habitats. Islands are very diverse in their biomes, 
ranging from the tropical to arctic climates. This diversity in habitat allows for a wide range 
of species study in different parts of the world. 

 
The British Antarctic Survey (BAS) echoes the special nature of islands: 

 
The islands offshore of the continent (subantarctic) have more productive and 

biodiverse ecosystems because of the warmer temperatures, more humid atmosphere and 
greater moisture availability. Ice-free areas of South Georgia, for example, have much 
thicker vegetation cover than exists on the continent, consisting of grasses, rushes and 
mosses. The higher NPP (Net Primary Productivity) of the subantarctic islands sustains larger 
animals, some of which are native and others that have been introduced. 

 
The international project A Functional Biogeography of the Antarctic has provided this guidance: 

 
The subantarctic islands are sometimes divided into the South Atlantic Province (South 

Georgia), South Indian Province (Prince Edward Islands to Heard and McDonald Islands), and 
South Pacific Province (Macquarie and New Zealand subantarctic Islands). At times, the 
southern cold temperate and subantarctic islands are grouped together as the “Southern 
Ocean Islands.” In this classification, Heard Island lies within the “South Indian Ocean 
Province.” – – http://antarcticbiogeography.org/antarctic-biogeography/  

 

An exemplary partitioning of the Antarctic into regions (or provinces) is shown in FIG. 33.1.  

 
  

http://antarcticbiogeography.org/antarctic-biogeography/
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FIG. 33.1 Biogeographic regions around the Antarctic. The map was drawn by Huw Griffiths (British Antarctic 
Survey. It  is published in modified form by the Annual Review of Entomology. Included with permission from 

Annual Reviews. 

 
  

http://www.annualreviews.org/doi/abs/10.1146/annurev-ento-010715-023537
http://www.annualreviews.org/doi/abs/10.1146/annurev-ento-010715-023537
file:///L:/PICs_Chapter_33_Ecosimulation/FIG. 33.1 Clip_3 proc.jpg
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We now know a great deal about how the Earth’s history and the characteristics of organisms have 

influenced the distribution of life across the region. World Wildlife points out a noticeable feature of the 

South Indian Ocean Province: 

 
… the overlap of normally Subantarctic and normally Antarctic species, from plankton, 

to fish, to higher predators. One therefore finds on these islands species that may be best 
suited to one or other of the two environmental regimes, but not necessarily their 
combination. For instance, the breeding success of the Gentoo penguin Pygoscelis papua is 
lowest at its northernmost breeding localities (the Prince Edward and Crozet Islands). This 
may be because at these relatively northern latitudes the species has to hunt less suitable 
Subantarctic marine prey 

– – https://www.worldwildlife.org/ecoregions/an1104 

 
Wikipedia emphasizes the mathematical/quantitative nature of ecosystem modelling: 

 
Modern biogeography often employs the use of Geographic Information Systems (GIS), 

to understand the factors affecting organism distribution, and to predict future trends in 
organism distribution. Often mathematical models and GIS are employed to solve ecological 
problems that have a spatial aspect to them. 

 
A recent development is a special-purpose project entitled A Functional Biogeography of the Antarctic 

(AFBA). Functional biogeography is an interdisciplinary approach that combines information on population 

and species distributions and genetic relationships, organismal characteristics, and Earth and climate history 

to understand the past, present and likely future distribution of life. It can provide insights into practical 

conservation measures and policy responses to deal with the challenges of environmental change. AFBA team 

members come from Australia, France, United Kingdom, New Zealand, Germany, South Africa, Russia, and 

the United States.  

The following material about AFBA is taken from https://antarcticbiogeography.org/: 

 
AFBA is an international collaboration of biologists and conservation practitioners 

seeking to understand the history of life in the region, how it will respond to environmental 
change, and what can be done to secure its future. It is a collaborative project that will 
provide a comprehensive biodiversity assessment of the region’s terrestrial and intertidal 
plants and animals. Based on this assessment and advanced genetic and computational 
techniques, we will deliver a new history of the biology of the region. We will show where 
different groups have their origins, how different species across the islands are related and 
connected, and how the life on these islands is related to that of the other southern 
continents. Importantly, we will seek to understand how frequently different groups have 
moved between Antarctica and the subantarctic Islands, when this has happened, and the 
extent to which it continues. Our genetic work will give us insights into the adaptations 
which enabled life to flourish in these regions. Along the way we will answer questions such 
as the reasons for such high flightlessness in insects, a long-standing controversy originating 
with a discussion between Darwin and Hooker. 

Importantly, the project outcomes will improve conservation in the region. First, we will 
provide a baseline biodiversity surveillance system for the region. This will help conservation 
managers to identify the species to which newly-arrived individuals belong and whether they 
might pose a threat. Invasive species are the region’s largest conservation problem, and it 
will increase with climate change. Second, our research will inform predictions of the 
biological consequences of ongoing climate change, so helping to devise ways to mitigate 
impacts 

  

https://www.worldwildlife.org/ecoregions/an1104
https://antarcticbiogeography.org/
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The AFBA project anticipates a substantial legacy: 

 
 Discoveries of species new to science. 
 A better understanding of this globally unique region, precious because of its species 

and the roles they have played in the history of human understanding. 
 Publicly accessible information and products to improve knowledge and appreciation of 

the subantarctic’s wilderness value, conservation significance, and sheer beauty. 
 Education and inspiration of a new cohort of polar scientists and enthusiasts. 

 
However, the website adds: 

 
… we are still surprisingly in the dark about how life evolved in the region in different 

groups, how common movements were between the subantarctic islands and Antarctica for 
both terrestrial and marine species, where some groups actually came from, and how long 
they have been in the region, and what impacts changing glacial cycles had on different 
kinds of organisms. 

Such information is critical, not only for understanding the region’s spectacular diversity, 
but also essential for conserving it. Knowing about life’s responses to past challenges also 
provides a helpful guide to how it might respond to circumstances in the future. And that 
future in the Antarctic not only involves rapidly changing climate, but also the introduction 
of species from elsewhere that have substantial local impacts. 

Among its most spectacular controversies has been debate about how life has come to 
reach different areas. Originally, the idea was that species must have made their way from 
some point of origin to new environments. That is, the distribution of life is all about 
dispersal. Then, with the discovery of continental drift, the pendulum swung the other way. 
Species must have moved to new areas along with continental drift, and they must have 
diverged as the continents separated, leading to the formation of new species. This idea 
came to be known as vicariance. With the advent of molecular biology and the ability to read 
gene sequences and establish the timing of speciation, much emphasis has again been 
placed on dispersal. 

Antarctica and the subantarctic islands have long been center stage in this controversy. 
Proposals for spectacular land bridges across the Southern Ocean, or for a large landmass in 
the southern Indo-Pacific known as Sudamadie, were all made to explain how the plants and 
insects of these islands came to be present. Other ideas suggested that huge glaciers during 
the last glacial maximum of the Pleistocene had determined life’s distribution on the 
Antarctic continent, across the subantarctic and in the Southern Ocean. Most terrestrial life 
was found to be post-glacial, with many marine species being dramatically influenced by 
glaciation or by increased sea-ice. 

– – A Functional Biogeography of the Antarctic. https://antarcticbiogeography.org/ 

  

https://antarcticbiogeography.org/


 

Chapter 33 ECOSIMULATION ⃝ Page 736 

Climate change 
 

Temperature vs. Latitude  

 
This book is about change, and there is probably no greater source of change than the climate. Climate 

change is the main driver of biodiversity, and temperature is the most important variable in the climate. Gates, 

et al., (1997) provided a plot of the temperature vs. latitude (FIG. 33.2). According to this plot, a linear fit to 

the slope near Heard Island is dT/dL = – 0.63 °C/degS. (The notation degS means degrees south latitude). 

Note that this number is negative: an increase in latitude moves the temperature lower (obviously!). The 

mean temperature at Heard Island is 4°C. 

 

 
FIG. 33.2 Annual mean air temperature of the Earth as a function of latitude 

 
In a presentation at the 21st Conference on Climate Variability and Change, H. Stern (2009) quotes a rate 

of temperature rise at Atlas Cove of dT/dt = +1.46°C/century. At Spit Bay, the rate is quoted as dT/dt = +3.66 

°C/century, although there is “far greater uncertainty” in the Spit rate. If we adopt the compromise value 

dT/dt = 1.5 °C/century, we find: 

 

1 5 0 63 2 4.  .  – 
       / /dL dT dT C C degS

dt dt dL century degS century

   
 



  


   

 
 

 
This rate represents the equivalent change in latitude with time, driven by the change in temperature. That 

is, by 2121, Heard Island will be at a “temperature latitude” of about – 51.5 degS, not quite midway between 

Heard Island and Kerguelen, which is the approximate latitude of the Falkland Islands. Currently, South 

Georgia is at the same latitude as Heard Island, but with climate change it will also “move” to the Falkland 

Islands latitude.  

Thus, it might make some sense to examine the Falklands ecosystem, in the hopes of inferring what Heard 

Island might look like a century from now. Geological affinities indicate that the Falklands originated from 

south-eastern South Africa, but the biota is strongly Patagonian (McDowell, 2005). Indications are that the 

Falkland biota was introduced relatively recently by dispersal from the tip of South America. It therefore 

seems likely that South Georgia, which is at the same geographical latitude and will be at the same 

biogeographical latitude, will be the primary source of materials reaching Heard Island by rafting and air 

transport. Thus, the ecosystems of South Georgia and Heard Island might be expected to be convergent, 

becoming more similar for many centuries, perhaps over a millennium.   

https://ams.confex.com/ams/89annual/techprogram/program_513.htm
file:///L:/PICs_Chapter_33_Ecosimulation/FIG. 33.2 Air temp vs Latitude.jpg
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A symbolic representation of the shift in the temperature latitude is shown in FIG. 33.3. The five 

subantarctic islands currently within -46 deg-S and -55 deg-S are shown at left in 2021. By 2121 the 

“temperature latitude” of all these islands will have shifted, effectively moving them +2.4 °C to lower 

latitudes. Thus, Heard Island and South Georgia will be at approximately the latitude of the Falklands 

currently. This might provide some guidance for the possible shifts in biodiversity. A more general concept 

for this effect is “climate envelope.” 

 

 
FIG. 33.3 Shift in the “temperature latitude” near Heard Island over the next century 

 
The 2004 Three Islands Study (next section) tested these relationships by observing the growth of four 

plants on Marion Island, Kerguelen Islands, and Heard Island.  

  

file:///L:/PICs_Chapter_33_Ecosimulation/FIG. 33.3 Southern_Islands_temperature_drift.jpg
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The Three Islands study 

 
A multinational study spanning three subantarctic islands has given us an insight into the effects of climate 

change on subantarctic plant species. The three islands in the study – Marion Island, Iles Kerguelen, and 

Heard Island – lie north, within, and south of the Antarctic Convergence (AC), respectively. The AC is both 

an oceanic and climatic boundary, with warmer seas and air temperatures to the north and colder temperatures 

to the south.  

 
Dana Bergstrom provided the following description of the Three Islands Study [Bergstrom, 2004].  

 
The three islands provide a latitudinal temperature gradient and a fabulous suite of 

natural laboratories to explore the impact of temperature on species’ performance and 
ecosystem structure. 

There is about a 2 °C jump in average air temperature between each island, starting with 
Heard in the south at about 1.5 °C; 3.5 °C on Kerguelen; and 5.5 °C on Marion. This natural 
temperature gradient provides a useful analogy for the impact of climate change, with the 
warmer islands being models of what the cooler islands will be like in the future. To 
overcome problems with year-to-year variations in seasonal temperatures – a hot summer 
one year and a cold summer the next, for example – we deployed teams on the three islands 
simultaneously over the 2003–04 summer. Logistical support was provided by Australia, 
France, and South Africa, while scientists from eight nations were involved, either in the field 
or patiently awaiting samples. … 

One of the main components of the study involved examining the differences in the 
progression of flowering and seed development in four important plant species that occur 
on all three islands. These were:  

 
Pringlea antiscorbutica (Kerguelen cabbage), which is endemic to these islands as well 

as Iles Crozet;  
Azorella selago (the cushion plant), a subantarctic tussock grass; 
Poa cookii (bluegrass), which is native to various subantarctic islands; and 
Acaena magellanica, a creeping, wiry subantarctic herb from the rose family. 
 
The sites were established along altitudinal gradients on all islands and these sites were 

visited every five days, weather permitting. Plants, identified by temporary markers, were 
monitored throughout the summer.  

Our preliminary analysis has shown that not all species perform in the same way across 
the temperature gradient between the islands. This is important because it gave us clues as 
to whether or not there will be winners and losers in a climate change scenario. Although we 
expected a lag in flowering development on the colder islands, compared to the warmer 
islands, in the case of Acaena magellanica, development differed by more than one month 
between Kerguelen and Heard Island. Such a lag time was surprising. Furthermore, coastal 
Acaena on Kerguelen had three flushes of flowers, compared to only one on Heard. The 
result of this behavior was substantially more seed production on Iles Kerguelen compared 
with Heard Island by the end of summer, so that Acaena may be more competitive under 
warmer conditions. 

 
It seems obvious that similar results would obtain from observations of other species on the subantarctic 

islands. The latitudes of Marion, Kerguelen, Heard, Falklands, and South Georgia are shown in Table 33.3.  
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Case studies of climate change impact 

 
Kerguelen cabbage Pringlea antiscorbutica 

 
In a 2004 article in the Australian Antarctic Magazine, Marcus Shortemeyer describes field measurements 

of photosynthesis and respiration in one of the most common plants on Heard Island, Kerguelen cabbage: 

 
As the effects of global warming intensify, plants that have evolved in the cool 

environment of Heard Island must cope with rising temperatures. The amount of carbon 
[that] plants acquire from the air by photosynthesis, or lose to the atmosphere by 
respiration, strongly affects their growth. Both processes are temperature-dependent and 
their balance is likely to change in a warming environment.  

On Heard Island, we need to know whether plants in a future, warmer environment will 
have an altered physiology compared to those growing today. But how do we compare the 
plants of today and tomorrow? Over the 2003-04 summer on Heard Island, our approach 
was to treat the island as a natural laboratory and to study the amount of carbon gained and 
lost by plants grown at different altitudes.  

The theory is that plants growing at an altitude of say 200 m, currently experience 
temperatures that coastal plants would have experienced 50 years ago. In our natural 
laboratory, we worked on a transect from sea level, at Skua Beach, to the escarpment of 
Scarlet Hill, at an altitude of more than 200 m. Our ‘guinea pig’ was the Kerguelen cabbage, 
Pringlea antiscorbutica. By measuring the amount of carbon gained and lost through 
photosynthesis and respiration, we now know that acclimation to warmer temperatures 
does occur, but that the delicate balance between carbon gain and loss in Pringlea is upset 
on days warmer than 10-12°C. This likely results in slower growth. 

 
Insects 

 
In 2010, Davies, et al., described statistical models of the effects of climate change on insects and spiders: 

 
We conducted a stratified survey of 60 sites on subantarctic Heard Island and used 

Poisson regression models to describe the spatial distribution and abundance of five of the 
ten free-living species captured. Acari [ticks and mites] and Collembola [springtails] were not 
considered. Five species were not caught in traps in sufficient numbers to model. The 
distributions of species were described by altitude, vegetation type, and aspect. The 
resulting distribution models can be used to both monitor and predict the effects of climate 
change and species invasion on this unique and valuable ecosystem. 

 
One example described by these authors is the wingless fly Anatalanta aptera: 

 
Anatalanta aptera, which is a wingless fly, an adaptation for windy conditions, was more 

or less equally abundant at low altitudes but declined more steeply in open vegetation 
habitats like feldmark and patchy Azorella at higher altitudes, which we should expect to be 
windier. A. aptera is copronecrophagous [feeds on both excrement and dead bodies] and 
highly mobile and thus an opportunistic species (Chown et al. 2006). Thus, it may be less 
affected by changes in climate than other species. 

  



 

Chapter 33 ECOSIMULATION ⃝ Page 740 

Spider 
 

Davies, et al., state that among the variables that need to be considered is “aspect”: 

 
Aspect [orientation relative to landscape] affects the distribution of most species, but its 

effects appeared not to be due to solar regime but rather persistent weather patterns, with 
all species being detected in lower abundances at Atlas Cove where persistent cloud and 
stronger winds are common. Thus, changing climate patterns have the potential to not just 
alter species’ distributions with altitude but also within altitudinal bands. 

 
This was found important for a common spider: 

 
On Macquarie Island, the spider, Myro kerguelenensis, occurred more likely on west-

facing than east-facing slopes. In contrast, on Heard Island, the spider’s distribution was 
described by the interaction between altitude and vegetation type, with abundances equally 
high in all vegetation types at low altitudes and attenuating with altitude. 

 
Echinoids 

 
Saucede, et al., (2019) describe the use of Species Distribution Models (SDM): 

 
In the Kerguelen Islands, the multiple effects of climate change are expected to impact 

coastal marine habitats. Species Distribution Models (SDM) can represent a convenient tool 
to predict the biogeographic response of species to climate change but biotic interactions 
are not considered in these models.  

Nevertheless, new species interactions can emerge in communities exposed to 
environmental changes and the structure of biotic interactions is directly related to the 
potential resilience of ecosystems. Trophic interaction studies can help predict species 
vulnerability to environmental changes using carbon (δ

13
C) and nitrogen (δ

15
N) stable 

isotope ratios to generate trophic models. 
Coupling insights gained from trophic niche ecology with species distribution modelling 

represents a promising approach that can improve our understanding and ability to predict 
the potential responses of species to future habitat changes. 

 
These authors used their SDMs to generate distributions of three species echinoid species: Abatus 

cordatus, Ctenocidaris nutrix, and Sterechinus diadema.  

 
Saucede, et al., (2019) describe model-building for several species of echinoids (sea urchins) found on the 

Kerguelen Plateau: 

 
Using newly available data, we generated robust SDMs and trophic interaction models 

to assess the potential response and sensitivity of three echinoid species to future worst-
case scenarios of environmental change in the Kerguelen Plateauregion. The two modelling 
approaches provide contrasting insights into the potential responses of each species to 
future environmental changes with both approaches identifying Abatus cordatus to be 
particularly vulnerable due to its narrow ecological niche and endemism to near-shore areas.  
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The Saucede, et al., model predictions for Ctenocidaris nutrix for the past (1955–1974), present (2005–

2012), and future (2055–2099). are shown in FIG. 33.4. The figure shows the species expanding on the 

Kerguelen Plateau to fill areas around Kerguelen and Heard Islands, and then growing along the Antarctic 

Peninsula.  

 

 
FIG. 33.4 Distributions of Ctenocidaris nutrix (red) for three periods (past, present, future) 
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Soil biotic legacy effects of extreme weather events 
 

Heard Island is surely among those places that experience extreme weather events. Thus, it is sensible to 

ask whether such events influence plants. The general idea is that extreme events could alter the soil, creating 

“legacy effect” that could affect plants over long times. Meisner, et al., (2015) described such processes: 

 
Extreme weather events may promote exotics over native plant species through several 

mechanisms. Exotics that become dominant in native vegetation often have specific traits 
associated with better performance than natives, such as faster growth rates, which may 
enable them to recover faster after a pulse of abiotic stress. Another possibility is that 
extreme weather events indirectly influence exotics and natives in plant communities via soil 
biota, which can influence interactions between plant species. Exotics may be less influenced 
than natives by effects of extreme weather events on soil biota, because exotics experience 
weaker negative and positive effects from interactions with soil biota. 

Extreme drought and rainfall are known to influence soil biota directly. Drought 
generally reduces microbial activities in soil, and on re-wetting a short-term increase in 
microbial activity occurs. Apart from this activity, the microbial community composition also 
can be altered by exposing soil to drought and rewetting. Moreover, previous experiments 
on drought and rainfall events have shown that such treatments remain as a legacy in soil 
microbial communities, which become apparent when testing their responses to an 
additional drying-rewetting event. However, whether and how such legacy effects of 
extreme weather events on soil biota may affect plant species composition is unknown. 

 
Meisner, et al., carried out a series of experiments, which they also describe in their 2015 paper: 

 
We performed two mesocosm experiments. In the first experiment, soil without plants 

was exposed to drought and/or rainfall, which affected soil nitrogen availability. Then the 
initial soil moisture conditions were restored, and a mixed community of co-occurring 
natives and exotics was planted and exposed to drought during growth. A second drought 
stress during plant growth reset the exotic advantage, whereas native biomass was not 
further reduced. In the second experiment, soil inoculation revealed that drought and/or 
rainfall influenced soil biotic legacies, which promoted exotics but suppressed natives.  

Our results demonstrate that extreme weather events can cause legacy effects in soil 
biota, promoting exotics and suppressing natives in invaded plant communities, depending 
on the type, frequency, and timing of extreme events. 

For example, promotion of soil pathogens by extreme weather events may reduce the 
proportion of natives, because exotics are less influenced by soil pathogens in the new 
range. On the other hand, when exotic plant species lack a co-evolutionary history with the 
symbionts, positive effects of plant growth-promoting soil biota might enable native plant 
species to cope better with drought stresses. Thus, if soil biota effects on plants are enforced 
by extreme weather events either before or during plant growth, then exotic and native 
plant species might be facilitated or suppressed differently by soil biotic legacy effects. 

 
This work alerts us to the complexity of such soil-biotic legacy effects, and the apparent fact that the 

effects can be enhancing or deleterious (or both). This should also be a warning that there are many 

complexities in modelling and predicting ecosystems, and that considerable field work will be required to 

give ground-truthing to such models.   
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General impacts of climate change 

 
In the 2001 book Fingerprints of Climate Change, Peter Convey describes it this way: 

 
In the long term, large-scale changes in ecosystem structure, complexity and diversity 

are likely because of long-distance colonization by exotic species. However, in the shorter 
term, geographical isolation will limit responses to those of existing terrestrial biota. 

 
Convey’s book provides these concluding remarks: 

 
Climate change emerges as an important biodiversity issue with functional implications 

on the (i) species, (ii) population and community, and (iii) ecosystem level. The climatic 
regime of the last three decades induced changes in species ranges and behavior more than 
might have been expected from the purely physical magnitude of the change, thus, leaving 
clear “fingerprints” of change, which might impress those who find the 0.6 K mean global 
warming itself negligible. 

 
In 2009 the International Polar Foundation published a statement that captures Convey’s ideas: 

 
The subantarctic islands do not have … conditions optimal for organisms, which present 

a high degree of specialization and adaptation. At the same time, until recently these 
climatic conditions have prevented species from more temperate regions, whose 
developmental thresholds are a few tenths of a degree above the usual subantarctic 
temperatures, from establishing. Recent warming on these islands opens the door to the 
colonization of species that are potentially invasive. or that at the very least can compete 
with subantarctic species and contribute to the vulnerability of the local fauna and flora. 
Recent glacier fluctuations and the changes in the populations of krill and marine apex 
predators are direct and indirect consequences of these recent climatic changes. 

 
In a 2011 article “Antarctic terrestrial biodiversity in a changing world,” Convey summarizes the conflict 

between climate change and human impacts: 

 
Biota now faces the twin challenges of responding to the complex processes of climate 

change …, and the direct impacts associated with human occupation and activity. In many 
instances, biota is likely to benefit, initially at least, from the current environmental changes, 
and there is an expectation of increased production, biomass, population size, community 
complexity, and colonization. However, the impacts of climate change may themselves be 
outweighed by other, direct, impacts of human activities, in particular, the introduction of 
non-indigenous organisms. … 

 
He then provides a call-to-arms: 

 
The Antarctic research community and those responsible for governance under the 

Antarctic treaty system are faced with [two]  pressing challenges: (1) ensuring there is 
sufficient baseline monitoring and survey activity to enable identification of these changes, 
however caused and (2) ensuring that effective operational management and biosecurity 
procedures are in place to minimize the threat from anthropogenic activities. 

 
  

http://link.springer.com/book/10.1007/978-1-4419-8692-4
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The 2019 Climate Change Conference 

 
Workshop on Antarctic Climate Change in the 21

st
-century (ANTCLIM21) provided the following 

invitation: 

 
The Workshop on CMIP6* 21st century projections and predictions for Antarctica and 

the Southern Ocean will take place at the British Antarctic Survey on 26-28 June 2019. The 
aim is to help ensure that the Antarctic and Southern Ocean climate science communities 
make a significant contribution to the IPCC 6th Assessment Report (AR6). The planned 
workshop sessions are summarized below, along with a broad outline of the main events of 
the workshop. Please do consider applying, if you have not already done so, via the 
Workshop Registration website. Just a few days to go until the 15 March deadline! 

 
and an overall description of the results of the previous climate change workshop: 

 
Global greenhouse gas emissions are affecting the Earth’s atmosphere, cryosphere, 

oceans, and terrestrial systems. Future climate change impacts on marine ecosystems are 
poorly known compared to their terrestrial counterparts. Many climate change impacts on 
marine ecosystems will be measurable in the Southern Ocean early and least confounded by 
other future human impacts such as fisheries, pollution, and land management. A 
coordinated international Southern Ocean Sentinel to monitor, assess and signal future 
climate change impacts on marine ecosystems was considered at an international Workshop 
on ‘Monitoring climate change impacts: establishing a Southern Ocean Sentinel’ (hereafter 
referred to as Workshop) held in Hobart Australia in 2009. This report summarizes those 
discussions and the outcomes. 

 
It posed the following questions: 

 
 How will the Antarctic and Southern Ocean environment change over the 21st century, 

from the coming years/decades to the end of the century? 
 What will be Antarctica’s future contribution to sea-level change? 
 How well do the CMIP6 climate models reproduce observed Antarctic and Southern 

Ocean climate? 
 How can we use long-term and paleoclimate climate reconstructions and modelling to 

inform estimates of future Antarctic climate change? 

 
and it listed the following major subjects to be included: 

 
 Antarctic science and policy 
 Carbon Feedbacks in the Climate System 
 Clouds, Circulation and Climate Sensitivity 
 CMIP6 data access, management, and sharing 
 Melting Ice and Global Consequences 
 Near-term Climate Prediction 
 Regional Sea-Level Change and Coastal Impacts 
 Water for the Food Baskets of the World 
 World Climate Research Projects Grand Challenges 
 Weather and Climate Extremes 
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Human visitors 
 

We might agree that the most dangerous animals on Heard Island are humans. Starting in the 1850s, they 

deliberately decimated the elephant seal population and made a significant dent on the penguin population. 

For the following hundred years, human visits were relatively infrequent and increasingly driven by scientific 

(exploration, documentation) motivations. The ANARE occupation during 1947-1955 was the first extensive 

documentation of the island by humans, although they were terrible housekeepers, leaving pollution and 

debris scattered over 3+ acres. From the 1960s through 2000, visits every few years by Australian government 

personnel and a small number of independent organizations stepped over and around the increasing 

windblown debris and the deteriorating remnants of the ANARE buildings. Then, in 2000 and 2003, major 

projects by the AAD were aimed at cleanup: most of the residual buildings, machinery, and various radio 

structures were removed, and large amounts of weathering wood and other materials were burned. Since then 

the visits have become less frequent: a small number of tourist ships, the 2016 Cordell Expedition, and 

various AAD inspection/monitoring visits.  

In the early days, getting around the island was by foot. Much of the exploration was from vessels that 

brought researchers to accessible coastlines such as Atlas Cove, Long Beach, and Spit Bay. To an increasing 

extent, helicopters are being used to put AAD personnel in areas that were formerly inaccessible, thus 

providing for monitoring of ecosystem changes and possible alien species. In 1987 a helicopter was used to 

observe the crater on Mawson Peak for the first time. In 2008 a helicopter made a complete circumnavigation 

of Heard Island, enabling a continuous video of the entire coastline. FIG. 33.5 shows a typical helicopter 

temporarily parked on Heard Island near Red Island.  

 

 

 
FIG. 33.5 Helicopters can visit sites that are too difficult for boat landings. This one is near Manning Lagoon at 

Long Beach in 2008. 
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Numbers of visitors 

 
Very complete records are known of visitors to the subantarctic island. For example, from Jan 1993 

through Dec 2001 the following total number of person-days were recorded for these five stations: 

 
 Heard Island 3,502 

 Mawson 95,474 

 Macquarie Island 97,798 

 Casey 99,960 

 Davis 123,992 

 
FIG. 33.6 shows the vast difference between the number of person-days for visits to Heard Island and for 

all Antarctic stations and ships. 

 

 
FIG. 33.6 Visitors [person-days] to Heard Island 1986-2004 

 
In contrast to the extremely regular periodic data for all Antarctic stations, the visits to Heard Island were 

occasional and sporadic, with only a few months of activity in early 1993 and 2000/2001. While the former is 

needs-driven, the latter is options-driven. It appears that historical data and statistical algorithms will be of 

practically no value in predicting the future human use of Heard Island, which will be defined by policy. 

A central question is: “What are the optimum numbers and rates of human visitors to ensure protection and 

long-term conservation of the resources?” We know that these numbers are not zero and they are not huge. 

The author’s opinion is that we probably can’t compute it at this time, or even estimate it semi-accurately. 

Probably we will only know it by looking backward from a position somewhere into the future, say 2051. But 

if we adopt Sophie’s Choice, we must choose something. Here are my guesses:  

 
 Number on the island at any time: 12.  
 Number of different individuals visiting Heard Island in a year: 24. 

 

As arbitrary as these number are, they’re not silly. The actual numbers are certainly not 0, and certainly not 

100. What’s in between? You are welcome to pick your own numbers: 

 
 Number on the island at any time: ___.  
 Number of different individuals visiting Heard Island in a year: ___. 
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Impacts of visitors 

 
Expeditioners present alien species with significant opportunities to hitchhike to Heard Island. According 

to Jeff Ayton (2003): 

 
It is generally accepted that the potential impact on the natural environment is 

proportional to the human population. This is the “human footprint.” Human activities can 
cause disruption in physical, chemical, and biological systems. As stated by the Australian 
Bureau of Statistics (1996): “To understand the human impact on the Australian 
environment, it is necessary to know how many people live here, and how they are 
distributed across the continent.” 

 
This is elaborated by Whinam, et al., 2005: 

 
Subantarctic islands have depauperate floras and faunas. When combined with recent 

changes in climate, “[human footprint] factors increase the likelihood of alien species 
establishing in the subantarctic. 

 
These authors report that, as part of the Australian Antarctic Program (AAP), 

 
… cargo, food, and expeditioners in transit to the subantarctic as part of the Australian 

Antarctic Program (AAP) were inspected to determine their potential as vectors for alien 
species. 

All cargo items were found to have the potential to act as vectors for alien species 
introductions. Cargo containers were found to harbor plant material, seeds, and spider 
webs. A major potential source of contamination is transport used on resupply expeditions 
for ship-to-shore transfers. The presence of large numbers of littoral organisms on the 
bottom of a barge highlighted the real risk of a potential pathway for the introduction of 
marine taxa. Insect infestation, scale, fungal infection, and the presence of soil were all 
problems associated with the provision of fresh food to subantarctic stations. 

Equipment identified as high-risk vectors included equipment cases, day packs, and the 
cuffs and Velcro closures of outer clothing. Many expeditioners had traveled overseas in the 
six months before embarkation and had recently visited alpine or high latitude 
environments. 

A total of 981 propagules and five moss shoots were collected from the clothing and 
equipment of 64 expeditioners. Ninety species from 15 families were identified, most of 
which were grass caryopses. Asteraceae [Asters, daisies, sunflowers] and Poaceae [grasses] 
contained the greatest diversity of propagules. In germination trials, 163 plants (24 species) 
were identified. 

 
In the face of these alarming observations,  

 
A risk assessment was prepared to determine issues posing a threat to subantarctic 

quarantine and assess possible logistic and management changes to minimize these threats. 
Many changes suggested have since been implemented resulting in a reduction in the 
number of alien species recorded in subsequent inspections. 
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The work quoted above refers to all subantarctic islands. An article by Sandra Potter in Australian 

Antarctic Magazine [Spring 2004, p. 14] describes the risks to the HIMI islands (Heard and McDonald): 

 
The islands of the Territory of Heard and McDonald Islands (HIMI) are amongst the 

world’s most biologically pristine. Recognizing the need to extend the stringent quarantine 
measures applied to Australian Antarctic Program activities to all HIMI visitors, in 2003 the 
Australian Antarctic Division (AAD) commissioned an independent assessment of the risk of 
introduction, by human means, of organisms that may pose a threat to the region’s plant 
and animal life. Professor Stephen Chown, in his report “The probability of introduction of 
non-indigenous species to Heard and McDonald Islands: Taxa risks, and mitigation” notes 
that although the HIMI is isolated and infrequently visited, its ‘pristine’ status is likely to be 
challenged. 

Already some 240 shore-based visits have been made to Heard Island and the level of 
activity is expected to rise as interest in the Territory increases for science, tourism, and 
fisheries. Scientific activity in the region has broadened its scope in recent years, as 
demonstrated by the duration of expeditions, the number of field camps and sites occupied, 
and the volume of stores and equipment landed – some 340 m

3
 of cargo was landed for the 

28 expeditioners of 2003–04. The risk assessment identified equipment and stores, clothing, 
containers, wood, and vehicles as critical pathways for terrestrial introductions; and the 
more cargo landed, the greater the risk of introducing non-native species. 

 
Professor Chown (Monash University) concluded that: 

 
A wide variety of terrestrial and freshwater taxa, capable of substantially altering 

ecosystem functioning and causing the local extirpation of many different species, could 
potentially be introduced to Heard and McDonald Islands. 

 
With ballast water exchange already prohibited in HIMI, Chown noted that: 

 
The primary routes for introduction of marine species are, by fouling of hulls and gear 

that is routinely left in the water and possibly by accidental waste-water discharge. 
Undoubtedly the best strategy for maintaining the islands’ World Heritage-listed ecosystem 
is the application of preventative measures. Accordingly, fresh fruit and vegetables – 
identified in the assessment as high-risk vectors for the transport of hitch-hiking species – 
were not taken ashore by the 2003–04 expedition. 

 
Other controls applied last season and to be formalized via a new management plan for the region include: 

 
Mandatory inspections for rodents on the day of departure for HIMI (regardless of 

vessels holding valid de-rat certificates); vessel hull and equipment cleaning; a ban on the 
landing of viable seed and fungal products; controls on yeasts handling; and the 
phytosanitary treatment of timber to be taken ashore. 

 
Since the 2001/02 season, the Australian Antarctic Division (AAD) has required expeditioners to 

undertake a formal training program in which their collective and individual responsibilities for 

environmental protection and management are outlined and discussed. This program consists of environment 

introduction sessions held at the AAD headquarters and practical sessions held at the AAD's field training 

facility. From the 2003/04 season onwards, expeditioners were also required to undergo assessment following 

this training.  
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Ecotourism 

 
Tourism presents a potentially great threat, due to the much lower control over the preparation and 

behavior of tourists. Some records of tourist visits to Heard Island during 1985-2004 are presented by the 

document “A snapshot of Heard Island data from 1901-2002 held by the AADC,” authored by Ben Raymond, 

AAD. For instance, the number of ship visits and the number of tourists are plotted in FIG. 33.7.  

 

 
FIG. 33.7 Tourists 1985-2004. (Upper) Ship visits. (Lower) Tourist numbers. 

 
Kate Kiefer, in an article in Australian Antarctic Magazine (2013) describes ecotourism as a dichotomy in 

modern society: 

 
Ecotourism has escalated in the last decade as more people seek exotic locations in 

which to spend their recreational time and increase their ecological understanding of the 
world. The phenomenon divides those responsible for the management of these exotic, 
often threatened, natural environments, into those who fear the impacts that increased 
tourist numbers have on these remote environments, and those who embrace the 
opportunities – such as the ability to develop strong community advocacy for the ongoing 
role management plays in protecting such special places. 

 
Referring specifically to Heard Island, she writes: 

 
Among the destinations that have captured ecotourists’ imaginations is Heard Island, 

managed on behalf of the Australian Government by the Australian Antarctic Division. As 
one of the most remote, non-populated locations on earth, the issues associated with 
managing ecotourism risks are complicated. At this stage, the number of visitors is 
comparatively low. Sea travel remains the only viable method of accessing the island, and 
the 8–10-day sail in often hostile oceanic conditions deters most commercial operators, 
reducing the need for active management. 
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However, Heritage Expeditions from New Zealand has made Heard Island a tourist 
destination twice in the last 10 years. The latest trip left Fremantle on 8 November 2012 and 
returned to Albany, Western Australia some 24 days later. The voyage enabled the 
Australian Antarctic Division to test its capacity to deal effectively with the risks of tourism in 
this pristine and dynamic environment, and to test quarantine restrictions that form the 
basis of biosecurity measures used for more complex scientific expeditions to the territory. 

 
Kiefer describes protective measures developed by the AAD: 

 
The 2002 Heard Island and McDonald Islands (HIMI) Marine Reserve Management Plan, 

which is currently being updated by the Australian Antarctic Division, provides 
administrative interpretation to legislation that protects the HIMI Marine Reserve. The 
document sets out the Antarctic Division’s expectations for tourism operators, or any other 
visitor. Through a permit system, stipulating adherence to this document, visitors are bound 
to implement the conditions of entry. 

The requirements aim to minimize the impact of visitation. The primary focus is given to 
implementing strict quarantine controls that have been developed over the past 10–15 years 
by the Antarctic Division to prevent the introduction of alien species to the Reserve’s pristine 
environment. These controls are underpinned by scientific research carried out as part of 
the International Polar Year Aliens in Antarctica project. [Butterworth, 2008]  

Protective measures include the placement of rat guards on all vessel berthing ropes 
while they are in port prior to departure; monitoring of the vessel for signs of rodents; 
vacuuming of clothing, day packs and equipment taken ashore; restriction on the types of 
foods that can be taken ashore; and the cleaning and sterilization of boots as people 
disembark. 

Written into the Management Plan is the discretionary appointment of an onboard 
Inspector – someone appointed on behalf of the Antarctic Division to ensure compliance 
with the issued permit, and to provide educational support to the tourist groups, explaining 
the significance of maintaining a near-pristine environment. The inspector’s role is critical to 
maintaining the biosecurity barrier that is naturally formed by the island’s remote location. 

 

Simulation terminology 

 
In this chapter we have adopted the term “Ecosimulation” to mean complex simulations of ecosystems. 

There are, to be sure, other uses of this term and similar ones:  

 
Name Use Link 
Ecosimulator Software for simulating 

“entire” ecosystems 
https://terragenesis.fandom.com/wiki/Ecosimulator 
 

EcoSimulator Software for managing 
farms 

https://fr.kverneland.com/iM-FARMING/Les-
applications-Kverneland/EcoSimulator 

Eco simulation Game https://www.bungie.net/en/ClanV2/PublicFireteam?
groupId=0&fireteamId=49556123 
 

Eco-Simulation Electronics for synthesizing 
environmental sounds 

https://www.youtube.com/watch?v=kj5zhfSL9ig 
 

Ecosimulation Game https://www.deviantart.com/tag/ecosimulation 

Eco Simulator Game https://globalgamejam.org/2020/games/eco-
simulator-4 

Eco Warrior Simulator Game https://twitter.com/ecosimulator?lang=en 

 

 
  

https://terragenesis.fandom.com/wiki/Ecosimulator
https://fr.kverneland.com/iM-FARMING/Les-applications-Kverneland/EcoSimulator
https://fr.kverneland.com/iM-FARMING/Les-applications-Kverneland/EcoSimulator
https://www.bungie.net/en/ClanV2/PublicFireteam?groupId=0&fireteamId=49556123
https://www.bungie.net/en/ClanV2/PublicFireteam?groupId=0&fireteamId=49556123
https://www.youtube.com/watch?v=kj5zhfSL9ig
https://www.deviantart.com/tag/ecosimulation
https://globalgamejam.org/2020/games/eco-simulator-
https://globalgamejam.org/2020/games/eco-simulator-
https://twitter.com/ecosimulator?lang=en
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SECTION 12 THE FUTURE 
 

Chapter 34 Research 
 

Motivations 
 

The Australian government is now principally concerned with the Antarctic (in contrast to the 

subantarctic). The following excerpt is typical of the documentation from the Australian Antarctic Division 

(AAD) [Expeditioner Handbook 2016-2020]: 

 
For over 100 years Australia has been conducting high-quality scientific research in 

Antarctica and the Southern Ocean. The science program today combines the scientific 
expertise from more than 150 Australian and international institutions to undertake projects 
that are focused on key scientific and policy questions. Of central importance is the need to 
better understand how Antarctica and the Southern Ocean influence the earth system, and 
how it will react to future changes. The Australian Antarctic Science Strategic Plan 2011-12 
to 2020-21 responds to this need by focusing on four core thematic areas: 

 
Theme 1 Climate processes and change 
Theme 2 Ecosystems and environmental change 
Theme 3 Marine conservation management 
Theme 4 Frontier science. 

 
The first three themes address the priority science needs articulated by government 

policy and resource management agencies. The fourth theme, Frontier Science, provides 
opportunities for high quality science projects that address Australia’s national science 
priorities. The delivery of a scientific program of high international standing is possible 
through the combined effort of the entire Antarctic program. 

 
While the above passage was written for the larger interest in research in the Antarctic, it nevertheless 

could apply well to subantarctic islands, including Heard Island. The 2006 book Heard Island: Southern 

Ocean Sentinel (Green, K. and Woehler, E.J., Eds.) provides a wide survey of the knowledge of all aspects of 

Heard Island, but it is relatively easy to see growing limitations in that summary. Indeed, the passage of time 

renders the research increasingly in need of update. A metaphor for the subantarctic islands is that of an 

iceberg: it might float placidly for weeks or months, but sometimes it might suddenly roll over and 

disintegrate. Any component of the subantarctic environment, and indeed the world, may suddenly experience 

such an unexpected catastrophe. This is but one motivation for monitoring Heard Island, among many others.  

 
The AAD describes research in the subantarctic islands, including Heard Island: 

 
The islands and surrounding waters offer a unique opportunity for conducting scientific 

research, due to a combination of their location south of the Antarctic Convergence, the 
presence of permanent glaciers, large colonies of wildlife of high conservation significance, 
complex flora, and the largely unmodified status of the environment and ecosystems. 
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The AAD also describes climate change at Heard Island: 

 
There is considerable evidence that the climate of Heard Island and McDonald Islands 

(HIMI) is changing. The warmer trend observed at HIMI mirrors similar changes at the nearby 
Îles Kerguelen and elsewhere in the southern Indian Ocean. These increased temperatures 
are having a significant effect on the terrestrial environment, with glacial retreat leading to 
the formation of lagoons and freshwater lakes and exposing new land for colonization by 
plants and animals.  

Consequently, Heard Island has one of the most rapidly changing physical settings in the 
subantarctic. The increase in available habitat for plant colonization, in conjunction with the 
combining of previously discrete ice-free areas, has led to dramatic changes in the 
vegetation of Heard Island in the last 20 years or so. Some plant species are spreading, and 
the structure and composition of plant communities are being modified. It is considered 
likely that further changes will occur, and possibly at an accelerated rate. Changes in 
population numbers of seal and seabird species are also expected – this may affect the 
vegetation through changes to the nutrient regime and level of physical disturbance through 
trampling.  

 
Getting to Heard Island is always a major effort, and not always successful. It requires more than a 

schedule; it usually requires an expedition. But why should we field a scientific expedition to Heard Island? 

The AAD provides this reason: Heard Island is unique. 

 
Heard Island is extremely sensitive to changes in the global climate and therefore it is a 

sensitive indicator of such changes. This suggests that monitoring the biodiversity on Heard 
Island could not only indicate the changing conditions on the island but also give early 
warnings of global biological shifts.  

More than a decade ago, Walther, et al., described the global shift of populations. Quite 
generally, populations are moving poleward, both toward the Arctic and the Antarctic. This 
movement is driven by both rising global temperatures and by human transport. On 
subantarctic islands, it is estimated that more than 50% of the higher-plant diversity and a 
considerable portion of the insect and mite faunas are due to human introduction, but it is 
not obvious how to separate this portion from that due to natural causes.  

This fact is arresting: Unlike the other subantarctic islands, the biodiversity on Heard 
Island is entirely determined by natural causes, including the effects of global warming but 
excluding human transport. Normally, the complexities of interacting populations, especially 
those in competition, make it nearly impossible to separate the natural and anthropogenic 
effects on populations. But Heard Island presents us with an extraordinary opportunity to 
separate these two major causes of global migration. Thus, simply monitoring the 
biodiversity at Heard Island may provide a powerful tool to help unravel some of the 
complexities of global climate change.  

 
Finally, the AAD emphasizes this point: 

 
Heard Island provides a unique opportunity to separate the effects of natural climate 

changes from human-caused changes. The task is conceptually simple: get to Heard Island 
and search for plants and animals until we can’t find any new ones. Once we believe the 
species list is essentially complete, we could go about understanding it, and its dependence 
on the world climate.  
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Opportunities 
 

The following guidance to the importance and subjects of research on Heard Island is extracted from 

various AAD documents. (http://heardisland.antarctica.gov.au/research): 

 
Research undertaken on Heard Island can be very broadly classified into two categories: 

 
1. Research required in support of the Australian Government’s management 

obligations; 

 
2. Compelling science that cannot be undertaken elsewhere and takes advantage of 

Heard Island's location, its relatively undisturbed condition, and its unique, unusual, and 
dynamic natural features. 

 
Recent land-based studies have focused on vegetation mapping, glaciology, cultural 

heritage, terrestrial ecology, seabird populations, and the marine ecosystem, while marine 
research has been looking into the physical and biological oceanography, fish and 
invertebrates, and marine geology of the HIMI. 

 
The AAD provides descriptions of some key scientific opportunities for research on the ecosystem:  

 
Geological. Heard Island provides one of the few stable platforms in the Southern 

Ocean for the establishment of geophysics, meteorology, and other observatories. 
Possibilities exist for direct examination and understanding of the early geological history 
and geological evolution of this region of the Southern Ocean. It offers a unique opportunity 
to gain an understanding of island and plateau formation. Big Ben provides unique 
opportunities for studying deep–earth magmatic processes. 

 
Hydrological. The dynamic changes of the glaciers on Heard Island, coupled with the 

extensive runoff and growth of lagoons from glacial retreat, the uncovering of previously 
subglacial land, are of interest. Glacial coring and muon-based interior imaging would be an 
innovative way to learn the interior dynamics of the volcano 

 
Ecological. The Heard Island ecosystem is largely unaffected by human impact. It is a 

unique site for measuring physical processes and addressing fundamental biological 
problems, testing ecological theory, and assessing and modeling the dynamics of 
environmental change and associated biological responses. It provides a significant site for 
understanding how, and from where, colonization of recently exposed land occurs in areas 
undisturbed by human activities. Low species numbers provide an opportunity to investigate 
interactions with relatively low complexity. Heard Island provides a unique opportunity to 
obtain records of past climate, e.g., measure the rate of glacial retreat as an indicator of 
climate change. The natural, undisturbed communities of the HIMI region are excellent 
indicators of environmental change and impacts of environmental change. 

 

The organization of this book (Rocks/Water/Ecosystem) corresponds (approximately) to this classification. 

 
  

http://heardisland.antarctica.gov.au/research
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Components 
 

Basic classification 

 
A coarse way to categorize the interactions between Heard Island and its environment is shown in FIG. 

34.1. 

 

 
FIG. 34.1 Dynamic paths illustrating the effects of changes in some components of Heard Island (H) and it’s 

environment (E) on other components.  

 
 

The delta notation in this figure symbolizes that a change in one component causes a change in another 

component. The arrowheads indicate the direction of influence and the thickness of the arrow shafts indicate 

the relative magnitude of the influence. Table 34.1 states these four relationships.  

 
Table 34.1 Dynamics in the four core paths 

 Action Reaction 

H→H Changes of components of the island Changes in other components of the island 

H→E Changes of components of the island  Changes in components of the environment 

E→H Changes of components of the environment  Changes in components of the island 

E→E Changes of components of the environment  Changes in other components of the environment 

 
A few examples of the dynamics are shown in Table 34.2. 

 
Table 34.2 Examples of dynamics in the four core paths 

X→Y Glacier motion (downslope), reduction of rocks to gravel (mechanical crushing), subglacial 
runoff carrying sediment load (stream erosion of substrate rocks), glacier calving (weight 
exceeding strength of ice), … 

X→R Vortex street creation (hydrodynamic instability), support/modification of foraging by seals 
and birds (provision of nesting areas), mixing of ocean currents (deflection of currents), etc. 

P→Z Melting of glaciers (climate warming), photosynthesis (insolation), lake reduction (evaporation 
of surface water), rock spalling (hydrothermal fracturing), debris deposits (accumulation of 
marine debris), … 

P→Q Wind (synoptic weather), subantarctic currents (thermal gradients and Coriolis forces), soil 
creation (decay of biowaste and marine biomass), storm damage, … 

 
 
  

file:///L:/PICs_Chapter_34_Research/FIG. 34.1 H-E diagram.jpg
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Habitats 

 
The desire to examine as many habitats as possible enables us to group activities together, principally 

determined by the local habitat. Table 34.3 shows habitats of interest for research and some of the associated 

opportunities. This list is not meant to be comprehensive.  

 
Table 34.3 Habitats of interest for research 

Lava 
outcroppings 

Lava deposits contain a diverse record of the magma composition, hence 
the history of the island. Of particular interest on Heard Island are the 
deposits of limestone, which demonstrate the marine history of the 
layers now uplifted on the mountain. 

ANARE site 
vicinity 

Modern expedition campsites are often located just to the east of the 
ANARE site at Atlas Cove. The facilities usually comprise various 
temporary shelters, generators, water and food supplies, galley and 
sleeping tents, sanitation and safety facilities, communications 
equipment, and antennas. This area is a rich archaeological site, dating 
from the sealing period. 

Nullarbor 

This large flat flooding sandy plain is the rookery for King Penguins. It 
should be a good place to collect residues and outwash that likely 
contain small parasites and commensals. Debris (both marine debris and 
biodebris) accumulates on the plain. 

Beaches 
Meiofauna, including foraminifera, are found in beach sediments. Small 
commensals with seaweeds, invertebrates, and marine debris are 
common. 

Glacial ice 
Ice at the termini of the glaciers could be hundreds of years old, hence of 
potential value for discovering relictual microscopic organisms.  

Glacial 
runoff 

Extensive suction filtering of runoff will yield glacial rock flour and 
organic objects such as post-glaciation plant remnants. Samples of glacial 
ice are likely to contain many of the same objects, but in different 
relative amounts. 

Shallow 
subtidal 

Some invertebrates and algae are known from the subtidal around Heard 
Island, but the collections are limited. Lagoons that have recently opened 
to the sea (e.g., Stephenson and Compton Lagoons) will have brackish 
water and evolving biota. 

Lagoons 

Grab samplers and dredges can be used to obtain samples of the 
sediments in the glacial lagoons (Winston, Stephenson, Brown, 
Compton). The nearshore shallow water may harbor previously 
undocumented marine algae and phototropes [light-seeking organisms]. 

Wallows 

One of the most productive habitats is the wallows at the edges of the 
Azorella Peninsula. Many organisms will be found there in the 
commensals and excreta of the dense populations of birds and mammals 
found there. 

Ephemeral 
creeks 

Near the ANARE station (ruins)  is an ephemeral creek, which transports 
materials from the plants and animals in the wallows. Around the island 
are many other such ephemeral creeks. They will be a good source of 
micro-organisms. 

Atmosphere 

The atmosphere on Heard Island is extremely dynamic, producing 
lenticular clouds, vortex winds, fluid instabilities, rainbows, gegenshein 
(a faintly bright spot in the night sky centered at the antisolar point), and 
auroras. 

 
  

https://en.wikipedia.org/wiki/Night_sky
https://en.wikipedia.org/wiki/Antisolar_point
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Size regimes 

 
Yet another way to categorize the Heard Island system is by the size of the component. Table 34.4 lists 

some examples in each size regime from solar dimensions to 1 μm.  

 
Table 34.4 Size regimes in systems 

Scale Structure Object Field Action 

100,000,000 km Solar system Ionosphere Astronomy Aurora australis 
 

 
Comets Planetary science Centaurid meteors 

10,000 km Earth Satellite Geoimaging Geodynamics 
 

 
Ionosphere Aurora australis Radio operations 

100 km Atmosphere Sunlight Atmospheric optics Rainbows, gegenshein 
  Wind Atmospheric dynamics Misoscale winds, vortex winds 
  Temperature Meteorology Geostrophic wind 
  Rain, snow, fog Precipitation Hydrometeors 

10 km Volcano Mountain Geoimaging Laser ranging 
  Slopes Mountaineering Summiting/traverse 
  Vents Volcanology Geochemistry 
  Crater Geostructures Satellite imaging 

1 km Glacier, lagoon Glaciers Glaciology Plastic flow 
  Lagoons Limnology Lake dynamics 
  Floodplains Groundwater Flow through media 
  Rivers Hydrogeodynamics River dynamics 
  Surf Coastal dynamics Beach profiles 
  Subtidal Wind/water coupling Deposition 

100 m Terrain Terraces Volcano Laser, IR imaging 
  Cliffs Exposures Minerology 
  Moraines Till dynamics Geometry 
  Pool complex Plants Aliens 
  Gravel, mud flat Sedimentology Flood dynamics 

10 m Habitat Beach Geomorphology Elevation model 
  Lava tubes Refuges Inventory 
  Hummocks Microfauna Tardigrades 
  Plants Communities Mosses, bryophytes 
  Rocks Lithophytes Endoliths 
  Sediment Imaging Drone 
  Shallow subtidal Ichthyology Inventories 

1 m Macrobiota Plants Biology Plants 
  Mammals Mammalology Seals 
  Penguins Aquatic flightless birds King penguins 
  Marine birds Indigenous Cormorant 

10 cm Mesobiota Land birds Geology Rock samples 
  Fish Environmental Debris (plastic, metal, bone) 

1 cm Invertebrates Insects Flies, beetles Anatalanta aptera 
  Marine invertebrates Arthropods Sea spiders 

1 mm Sediment Inorganic grains Volcanology Ash, sand 
 

 
Organic grains Seeds Plant debris 

100 μm Meiobiota Tardigrades Biology Tardigrades 
 

 
Saltwater, brackish Foraminifera Foraminifera 

1 μm Microbiota Protozoa Lacustrine Paramecia 
  Bacteria Southern Ocean airborne Proteobacteria 
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Research is always a very parochial thing: generally, the interest of most researchers ends at the boundary 

of the individual project. Here, we attempt to provide cross-coupling between various interests, since it is 

common that a new idea emerges from the combination of previous ideas. Table 34.5 gives a variety of 

interest groups that will find Heard Island worthy of consideration in planning a project.  

 
Table 34.5 Interest groups for research in the HIMI 

Aerial photography Climbing Glaciology Marine invertebrates Plastic environment 
Aerobiology Cryptobiosis Global climate Marine mammals Radio science 
Alien species Cryptobiota Heard Island Meiofauna Real-time comms 

Antarctic Ecology Heard Island Cormorant Mesoscale weather Satellite comms 
Astrobiology Elephant seals Insularity Meteor showers Seabirds 

Aurora Endangered species Invasive species Meteorology Sedimentology 
Biodiversity Exobiology Islands Microbiology Southern Ocean 

Biogeography Extinction Killer whales Misoscale weather Subtidal biology 
Biostasis Extreme biology Kite aerial photography Mountaineering Tardigrades 
Birding Foraminifera Laser ranging Oceanic debris Unknown life forms 
Bones Fumerole biota Leopard seals Particulates Volcanos 

Chionophiles Geobiology Macrobiology Penguins Vortex winds 
Climate change Geology Marine biology Planetary biology Xenobiology 

 

Selected projects 

 
Table 34.6 gives a list of some projects that were proposed for the 2016 Cordell Expedition. Very brief 

descriptions of some of these projects are provided in subsequent sections.  

 
Table 34.6 Research opportunities at Heard Island 

Project Activity 
Airborne particulates Sampling 

Biota on Mawson Peak Discovery 
Buried metal objects Metal-detector search 

Cloud studies Photodocumentation 
Cryptobiota Deep lava tubes 

Environmental debris Documentation 
Fresh lava on McDonald Island Geology 

Glacial ice Chemical analysis 
Glacier movement Laser rangefinder 

Hot spots Discovery 
Inclusions in glacial ice Extraction and analysis 

Lagoon bottom materials Sampling 
Lagoon water Microbiology 

Laurens peninsula Geology 
Local weather Multipoint monitoring 

Marine debris and propagules Modelling of rafting 
Particulates in subglacial streams Analysis 

Populations (plants, seals, penguins, …) Aerial imaging 
Recently deglaciated areas Emerging vegetation 

Tardigrades Laboratory experiments 
Terrestrial invertebrates Documentation 

Vortex winds Modeling 

 
Only a few of these projects could be carried out in 2016. All these projects (and more) are “available” for 

future research expeditions. The reader is encouraged to use these hints to be inventive. 
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Archaeology 
 

Human debris 

 
The residue of uncontrolled human presence on Heard Island is broadly bounded by the period of sealing 

(ca. 1855-1875) and the period of the ANARE station (1947-1955). Both intervals left large amounts of 

human-generated debris, some of it polluting and dangerous, most of which has smeared out over the decades 

as a visual, and partially toxic, waste dump, distributed around the island by the violent weather and the 

animals. Documentation and remediation of these remains has been an appropriate, and sadly motivating, 

activity since the 1960s.  

Evidence of human occupation and operations is within the general title of archaeology. Perhaps the most 

extensive work, utilizing modern techniques of search, recovery, and documentation, has been carried out by 

Angela McGowan and Elizabeth Lazer (1989), who published extensively in AAD reports and elsewhere. 

Their most extensive work was done during 1986-1987. While a large amount of the physical records on the 

island had been lost by that time, it was a good decision to capture what could be found in those years. 

Indeed, many of the items cataloged by them (e.g., seal oil casks, graves, shelters, buildings, tools, etc.) but 

left in situ have been destroyed in the intervening years by scavenging tidal incursion and decomposition. 

Some images from their report are included elsewhere in this monograph.  

About 15 years later after the McGowan/Lazer work, E.J. Woehler made extensive mapping of the sealers’ 

and ANARE artifacts around Heard Island in 2000/01 (west) and 2003/04 (east) during seabird surveys. All 

artifacts were photographed and GPS-mapped. 

The remnants of the ANARE station at Atlas Cove constitute the largest single source of ANARE artifacts 

on Heard Island. All the original buildings have been reduced by wind, frost heave, and animal incursion to 

boards and small shards which have blown across the ground all the way to Corinthian Bay (about a kilometer 

away). Disintegration of the buildings was aided by elephant seals, which occupied vacant buildings, pushed 

outdoors and walls, and created mounds of feces.  

During 2003/2004 many of the derelict ruins were removed by the AAD, who saved some of the items for 

storage and for museum exhibits. Interestingly, one building, now only a few forlorn sticks and boards, that 

was intentionally not cleared was the Admiralty Hut, the first building erected on Heard Island (see Chapter 

2). The last standing ANARE building (now a ruin) is the Recreation Hut, which was multi-purposed over 

many years. It is now a skeleton, held up by a large fishing net. Probably the AAD will remove it in a few 

years, which will leave only the rusting bulldozer and some concrete foundations. It is almost certain that 

there are many metal and glass objects buried in the soil around the ANARE station, an opportunity for 

archaeologists in the future.  

On the eastern shore of Laurens Peninsula, about 6 km (walking) from the ANARE station, is the wreck of 

the landing craft from the USCG Cutter Southwind, beached in 1969. When last inspected, it appeared to be 

holding its own against the elements. Perhaps it will last another century, the last evidence of human 

occupation.  

 

Marine debris 

 
The worldwide exponential rise of marine debris over the past decades is the object of considerable study. 

In an important paper (with 64 co-authors from 46 institutions) entitled “Toward the Integrated Marine Debris 

Observing System,” Maximenko, et al., issued a call-to-arms for researchers: 

 
Plastics and other artificial materials pose new risks to the health of the ocean. 

Anthropogenic debris travels across large distances and is ubiquitous in the water and on 
shorelines, yet, observations of its sources, composition, pathways, and distributions in the 
ocean are very sparse and inaccurate. Total amounts of plastics and other man-made debris 
in the ocean and on the shore, temporal trends in these amounts under exponentially 
increasing production, as well as degradation processes, vertical fluxes, and time scales, are 
largely unknown. Present ocean circulation models are not able to accurately simulate the 
drift of debris because of its complex hydrodynamics. …  

file:///F:/_BOOK_Heard_Island/____HD_BOOK_draft/___files/T_VOLUME_1_C01-C06_TWO_CENTURIES_OF_CHANGE.docx%23Sealers_artifacts
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Remote sensing technologies will provide spatially coherent coverage and consistent 

surveying time series at local to global scales. Optical sensors, including high-resolution 
imaging, multi- and hyperspectral, fluorescence, and Raman technologies, as well as SAR will 
be used to measure different types of debris. They will be implemented in a variety of 
platforms, from hand-held tools to ship-, buoy-, aircraft-, and satellite-based sensors. A 
network of in situ observations, including reports from volunteers, citizen scientists, and 
ships of opportunity, will be developed to provide data for calibration/validation of remote 
sensors and to monitor the spread of plastic pollution and other marine debris.  

 

In a fortuitous and ironic circumstance, Heard Island is protected from much of the flux of marine debris. 

This is due to the circumpolar current around the Antarctic and the other subantarctic islands. Nevertheless, 

visitors to Heard Island observe considerable plastic and other marine debris (fenders, drink containers, etc.), 

and the problem can only increase in the future.  

The 1991 observations of Slip and Burton called attention to threats from foreign debris. The 2004 paper 

of Auman, et al., quotes Slip and Burton: 

 
At Heard Island, two Pachyptila desolata (Antarctic Prions) were found to have ingested 

plastic fragments. As these seabirds are surface seizers, it was not surprising to the authors 
that they had ingested plastics. 

 
Slip and Burton compared observations at Heard and Macquarie Islands: 

 
The minimum rate of artifact accumulation was 13 objects per km of shoreline per year 

for Heard Island, and 90 objects per km of shoreline per year for Macquarie Island. Drift 
cards, released from known locations and collected on the two islands, show a similar 
artifact catchment area. 

Plastic litter was a major component of the debris at both islands. Fisheries-related 
debris accounted for 40% of all artifacts on Heard Island, compared with 29% on Macquarie 
Island. Entanglement of Fur Seals appears to be more common at Heard Island, while plastic 
ingestion by seabirds appears to be more common at Macquarie Island. 

 
The AAD also expressed concern about plastic debris at Heard Island: 

 
We encounter these pieces [of plastic] in seal feces and stomach samples from birds. A 

priority for future research is to determine whether plastics in the Southern Ocean are at 
levels that are causing harmful impacts on the wildlife. 

 
According to the 2011 paper by Ivar do Sul, et al., compared to other Antarctic islands (S. Orkneys, S. 

Georgia, Marion, etc.), plastic debris at Heard Island is poorly documented. While the number of plastic items 

at Heard Island was small in the period 1986-89, the increase in the subsequent 25 years could be very great. 

In the Southern Ocean, plastic debris increased 100 times during the early 1990s. (Copello, S., et al.). If Heard 

Island experienced a comparable increase, the density could be as high as 10,000 items/shoreline-km, or 10 

items per meter. Indeed, a recent article by Eriksson, et al., documents the daily accumulation rates of marine 

debris on subantarctic beaches. These authors state the rate at Macquarie Island is an order of magnitude 

higher than predictions based on 5-year records. If the increase at Heard Island is similar, such high levels of 

debris could well have a significant impact on the resident fauna.  

However, in 2016 the author actually observed far fewer debris items than on other islands he has visited 

(Easter Island, San Felix, Kure Atoll, Clipperton, San Andres, Pitcairn, Pribilof Islands). If nothing else, a 

regular program of documentation is warranted. 
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FIG. 34.2 The consequences of ingestion of plastic fragments 

 

Organic debris 

 
While not comprising polluting debris per se, skeletal remains of birds and mammals are extremely 

common on Heard Island. If these animals had ingested significant plastic or other debris that may have 

contributed to their death, such evidence would be intermingled with the skeletons (this was not recorded in 

1997 or 2016, nor seen in 2000/01 and 2003/04 (E.J. Woehler, private communication). Numerous species die 

or wash up on the beach, their skeletons testimony to the cycle of life in extreme environments. The skeletons 

of small animals (e.g., seabirds), are readily disbursed and become part of the sedimentary floor.  

Since skeletal debris does not constitute a threat to the environment, interest in it would be mainly for 

identifications and tracking rather than conservation and protection. For instance, in one area near “Windy 

City” (the western edge of Atlas Cove), we found a large collection of dolphin skeletons and some 

whalebones. Inventory of these bones, and correlation with populations of live animals, could give insight 

into the populations and movements of species in the area around Heard Island.  

 

 
FIG. 34.3 Remains of a dolphin 2016 

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.2 plastic_waste_1561972058_725x725.JPG
file:///L:/PICs_Chapter_34_Research/FIG. 34.2 chrisjordan1 proc.JPG
file:///L:/PICs_Chapter_34_Research/FIG. 34.3 Gavin_DSC_2169_1 proc marked 2016 proc.jpg
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Climate 
 

Climate change and species diversity 

 
It is sensible to ask the question: “What is the relationship between the climate on Heard Island and the 

species richness (diversity)?” 

There is, of course, considerable literature concerning the climate/diversity relation. For instance, 

Chambers (2006), in a review mostly concerning Australia, stated: 

 
Recently there has been a resurgence of interest in the 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 biological systems around the globe. 

 
Among additional examples, she cites observations for the Australian subantarctic (Table 34.7): 

 
Table 34.7 Changes in ecosystem components 

Component Natural system change Reference 

Glaciers, snow 
cover/melt 

Glacial retreat; approx. 35 km
2
 of new terrain exposed 

between 1947 and 2000 
Bergstrom, 2003 

Vegetation Changes in plant communities, e.g., native creeping herb 
outcompeting and overgrowing the dominant plant species, 
a cushion plant 

Bergstrom, 2003 

Invertebrates [No information]  

Birds Population increases in Black-browed Albatross Diomedea 
melanophris and King Penguin Aptenodytes patagonicus 

Chambers et al. (2005) 

Mammals Population increase in fur seals Arctocephalous gazella Budd, 2000. 

 
Chambers goes on to say,  

 
Because there have been very few studies of climate effects, for many of the categories, 

particularly for invertebrates, amphibians, and reptiles, it is clear that we have very little idea 
of how climate changes are affecting these species and systems on local, regional, or 
national scales. 

 
The environmental change on Heard Island is described by Thost and Allison (2006): 

 
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 newly exposed land by plants and animals. … These changes are a reflection 
of large-scale changes that have been identified elsewhere in the Southern Ocean. 

 
In 2011, an international conference in Hobart, Tasmania, was held to discuss the effects of climate change 

on indigenous and alien species. (ABC Rural, Sally Dakis, 2011). Professor Steven Chown from Stellenbosch 

University in South Africa says the subantarctic islands reveal the changes brought about by climate change: 

 
Some of the islands (e.g., Marion Island) are showing an enormous response. You can 

actually see the response to changing climates. Because they are reasonably straightforward 
to understand in terms of their ecosystem (they are not as diverse as a continental system, 
and they are not as impacted by human activities), one can start to tease apart the influence 
of climate change on the interaction of organisms, especially between organisms that are 
non-indigenous and invasive. 

 
 

https://www.abc.net.au/news/rural/
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Chown says a range of animals, including mouflon [wild sheep], reindeer, rabbits, cats even mice have 

been either accidentally or deliberately introduced to the islands: 

 
Climate change has differential effects on indigenous and invasive species. How that's 

going to play out into the future is not well understood, but [it is] thought to be virtually an 
all-bad scenario. Now it can't be all bad, because there are going to be winners and losers, 
but it does appear to be that the invasive species are going to have more winners … and the 
indigenous species fewer winners. 

 
He also says the islands can demonstrate that changes are currently happening: 

 
I'll take a South African perspective, where I come from, demonstrating to our 

politicians that it's not a phenomenon that's in the future. It's happening right now and it's 
very fast. 

 
A central theme in the scientific investigation by this group was to seek evidence of significant local 

geomorphological, biological, and other changes and their causes, e.g., climate change and volcanism. From 

these and many other sources, it is clear that:  

 
 The climate change experienced on Heard Island is predominantly driven by global change  
 The climate change on Heard Island is large 
 The effects of the Heard Island climate change on the ecosystem are major 
 The climate/diversity relationship is inadequately documented and poorly understood.  

 
This set of connections, together with the alien-free ecosystem of Heard Island, provide a strong incentive 

for further studies of the Heard Island biodiversity and its links with global climate change.  

Heard Island is, of course, part of the collection of subantarctic islands, and is broadly within the south 

polar region. Hence climate research on other islands, and even on Antarctica, may well be relevant to Heard 

Island itself. Peter Convey,  in Encyclopedia of the World's Biome, 2020, delineates the subantarctic: 

 
Various broader or narrower definitions of the sub-Antarctic region exist in the 

literature. A “core” sub-Antarctic region can be recognized, defined by the general lack 
of woody plants (trees and shrubs) and true terrestrial vertebrates. This includes South 
Georgia, Marion and Prince Edward Islands, the Crozet and Kerguelen archipelagos, Heard 
and McDonald Islands, and Macquarie Island, with most (other than South Georgia and 
Heard Island) being close to or north of the boundary of the Antarctic Circumpolar Current. 
These islands have chronically cool climates, with annual temperature variation strongly 
buffered by the vast expanse of surrounding cold ocean, and much reduced 
environmental seasonality compared with the Antarctic zones further south. 

Further islands and island groups are often described as “sub-Antarctic,” in particular 
the New Zealand associated Snares, Campbell, Bounty and Chatham Islands, and also the 
Magellanic sub-Antarctic region of Tierra del Fuego. Some of these (e.g., Diego Ramirez, 
south of Tierra del Fuego) are colder than some of the core sub-Antarctic islands year-round. 
Finally, there is biological connectivity, particularly in terms of marine diversity, with the 
lower latitude cool temperate Falkland Islands and Gough Island, Îles Amsterdam and St. 
Paul, and even the technically sub-tropical Tristan da Cunha archipelago. The terrestrial 
diversity of all these latter islands includes groups absent from the core sub-Antarctic. 

 

Thus, while there may not be an opportunity for a specific research project on Heard Island itself, with 

appropriate conditions and limitations, a project might be done on another island, with reasonable bearing and 

implications to Heard Island.  

 

 
  

https://www.sciencedirect.com/referencework/9780128160978/encyclopedia-of-the-worlds-biomes
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/woody-plant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/archipelago
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/circumpolar-current
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/seasonality
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/archipelago


 

Chapter 34 RESEARCH ⃝ Page 767 

Automatic weather station 

 
At certain times, an automatic weather station (AWS) has been deployed on Heard Island, usually at Atlas 

Cove. One of these units recorded time-lapse images, providing a record of the weather at Atlas Cove over 

nearly an entire year. Such records are extremely valuable in generating meaningful statistics, which are 

invaluable for monitoring the changes in conditions on Heard Island. In turn, these are used to determine the 

relation of those changes to changes in the rest of the world. The goal of this approach is to use data obtained 

on Heard Island as a detector and early warning of climate change in the world.  

FIG. 34.4 shows a commercial automatic weather station (Microcom Design Inc.). Essentially it is a tower 

on which instruments, including recording and communications electronics, can be mounted. The inventory of 

instruments can be selected according to the location and special circumstances and interests, but it is critical 

that data obtained by all such stations be properly calibrated so they can be combined.  

 

 
FIG. 34.4 A commercial automatic weather station 

 
One such AWS is not enough to give a picture of the conditions at Heard Island. If anything, one should 

err on the side of having less-elaborate individual systems, and more of them, in a variety of locations. As an 

example, the winds at various locations on the island are correlated with winds at other locations; only with 

multiple synchronized anemometers can we obtain data that represents the true wind pattern around the 

island.  

 
 

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.4 AWS_1 crop cleaned proc.jpg
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Geology 
 

The active volcano Big Ben stimulates a variety of questions: 

 
 The glaciers on Heard Island are retreating. Is this due to atmospheric temperature increases 

(climate change), or to volcanic activity? 
 Besides lava, what emissions (heat, gas, smoke, …) are coming from the volcano, and what 

impact might they have locally and globally? 
 How might the volcanic emissions from Heard Island be contributing to global atmospheric 

conditions? 

 
These questions provide motivation to conduct ground, aerial, and satellite measurements of sulfur dioxide 

(SO2) and carbon dioxide (CO2) emissions and temperature by using infrared and UV spectra.  

 
Infrared remote sensing of volcanoes 

 
An extensive review and bibliography of remote infrared sensing for volcanoes is presented by Blacket, 

(2017). Included in this review is Table 34.8, which lists the main characteristics of 15 satellite-based 

instruments.  

 
Table 34.8 Characteristics and attributes of the main sensors used for infrared remote sensing of volcanoes 

Acronym Name On board Bands Resol. [m] 
AATSR Advanced Along-Track Scanning 

Radiometer  
European Space Agency (ESA) Envisat-
satellite 

7 bands: VNIR-MIR-TIR 1000 

ALI Advanced Land Imager  NASA Earth Observation (EO)-1 
satellite 

9 bands: VNIR-SWIR 30 

ASTER Advanced Spaceborne Thermal 
Emission and Reflection Radiometer  

NASA Terra 14 bands: VNIR-SWIR-
TIR 

15, 30 and 90 

ATSR-2 Along Track Scanning Radiometer 
(ATSR)-1 and  

ESA European Remote Sensing (ERS) 
Satellites 

4 bands: SWIR-MIR-TIR 1000 

AVHRR Advanced Very High-Resolution 
Radiometer  

National Oceanic and Atmospheric 
Administration (NOAA) satellites 

5 bands: VNIR-SWIR-
MIR-TIR 

1100 

ETM+ Enhanced Thematic Mapper Plus  Landsat 7 satellite 8 bands: VNIR-SWIR-TIR 15, 30 and 60 

NASA GOE Imager NASA Geostationary Operational 
Environmental 

5 bands: VNIR-MIR-TIR 1000–4000 

NASA EO-1 Hyperion NASA EO-1 satellite 220 bands: VNIR-SWIR 30 

MVIRI Meteosat Visible and InfraRed 
Imager  

Meteosat First Generation satellites 3 bands: VIS-TIR 250–5000 

MODIS Moderate-resolution Imaging 
Spectroradiometer  

NASA Terra and Aqua satellites 32 bands: VNIR-MIR-TIR 250, 500 and 
1000 

OLI Operational Land Imager  NASA Landsat-8 satellite 9 bands: VNIR-SWIR 15–30 

OPS Optical Sensor  Japanese Earth Resources Satellite 1 
(JERS-1) 

7 bands: VNIR-SWIR 8 – 24 

SEVERI Spinning Enhanced Visible & 
Infrared Imager  

ESA Meteosat Second Generation 
satellites 

12 bands: VNIR-TIR 1000–3000 

TIRS Thermal Infrared Sensor  NASA Lansdsat-8 satellite 2 bands: TIR 100 

VIIRS Visible Infrared Imaging Radiometer 
Suite  

NASA Suomi National Polar-Orbiting 
Partnership (S-NPP) satellite 

22 bands: VNIR-SWIR-
TIR 

375–750 
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The research projects (marked *) described on this page were proposed to the author by Prof. Hugo 

Delgado Granados, in the context of the planned 2016 Expedition to Heard Island. 

 
Infrared Imaging* 

 
Infrared imaging of the volcano summit crater and vents, both by air and/or on the 

ground will be valuable. Heat measurements of volcanic vents, surrounding soil/rock, and 
emission gases may be attempted. These vents can also be documented through 
photographic images and laser range measurements. For this purpose, a multirotor UAV 
[Unmanned Aerial Vehicle] could carry an IR camera. 

 
Thermal Emission and Reflection (ASTER) imaging* 

 
Imagery from the Advanced Spaceborne Thermal Emission and Reflection Radiometer 

(ASTER) aboard the Terra satellite calibrated using ground measurements can be used to 
provide a more complete thermal mapping of Heard Island. 

 
Solar flux Imaging (MISR)*  

 
The Multi-angle Imaging SpectroRadiometer [MISR] on the Terra satellite, in conjunction 

with ground-based observations, can give information on the heat flow at Heard Island. 

 
Differential Optical Absorption Spectroscopy (DOAS)*  

 
This is a means to measure sulfur dioxide (SO2) emissions from the volcano. Such 

measurements can be conducted from a helicopter or through ground-based 
instrumentation. In the case of terrestrial deployments, the instruments would need to be 
deployed within 4 km of the emission source. If possible, the instruments should be 
deployed 500-1000 m from the crater. Measurement of these emissions is of special 
significance because it is not known how much SO2 is emitted by small volcanoes at remote 
areas, thus the SO2 budget from volcanoes is not complete. 

 
Carbon Dioxide (CO2)*  

 
Measurements can be made of both ambient CO2 and direct emissions from the volcano 

itself. The primary long-term study of ambient CO2 has been conducted in Hawaii, but such 
measurement is relatively simple in remote locations. Long-term deployment of an ambient 
CO2 sensor on Heard Island could be one useful goal. In addition, volcanic CO2 emissions 
could be measured through the use of portable infrared instruments with CO2 sensors with 
the accumulation chamber technique on areas of exposed soil on the volcano.  
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Muography  

 
The next two pages were contributed by Dr. Hiroyuki Tanaka of the University of Tokyo, as part of the 

proposals developed for the 2016 Cordell Expedition to Heard Island.  

 
Visualizing the inside structure of volcanoes helps researchers to understand how the 

volcanic activities are driven and the processes by which the formations occur. Here we 
discuss a new scientific technique that has been developed to enable us to get a glimpse of a 
cross-section of a volcano. The method provides an image showing the average density 
along the nearly straight path of muon particles that can penetrate thick rock of more than 1 
km. This is similar to taking an X-ray although the process is not photography but is called 
muography.  

Muons are produced by cosmic rays. Particles arrive predictably and in very large 
numbers to the surface of the earth as cosmic rays. When the primary cosmic rays interact 
with the earth’s atmosphere, muons are produced as reaction products. Muons travel 
through material easily, some passing completely through mountains while others are 
absorbed by reaction with the volcanic rocks. Because the muons have penetration depths 
comparable to the characteristic sizes of volcanoes, measuring the number of muons 
observed at various depths and angles can produce a kind of radiographic image of the 
mountain, revealing regions of high or low density, including lava, voids, and very dense rock 
materials. 

 
The physical processes of muography and a muon detector that enables it were developed by the Tanaka 

group are shown in FIG. 34.5.  

 

  
FIG. 34.5 Muon tomography of a mountain. (Left) Physical processes. (Right) Muography detector developed 

by Tanaka at the University of Tokyo. 

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.5 Clip_4.jpg
file:///L:/PICs_Chapter_34_Research/FIG. 34.5 Clip_5 proc.jpg
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Muon detectors range in size–they can be as small as 1 m
2
, and they have been built to survive in the harsh 

environment of volcanoes. Power consumption needs vary; emulsion cloud chamber detectors do not 

consume power and even for the models that do require power for the electronic system, very little power is 

required (solar panels can often be used). Additionally, they can be designed to be portable enough to be 

carried by small vehicles and/or people. Since this detector is designed to record muon events coming from a 

specific angle intersecting the volcano, it is generally placed below the target area of the volcano being 

studied. By detecting photons that are the result of reactions of muons in the scintillator strip and converting 

photons into an electric signal that can be counted, muon events can be recorded. Currently (2021), 

muographic images in a volcano are produced every day, and they are used for an eruption forecast in 

conjunction with deep learning techniques [an approach to learning that is based on understanding rather than 

reproduction].  

In 2006, Dr. Tanaka and his colleagues successfully imaged a volcano for the first time. An example (Mt. 

Usu, Japan) is shown in FIG. 34.6 (left column). The colored regions correspond to differences in density 

levels. The lowest density regions are blue with yellow indicating the middle range and with the higher 

density regions represented as red. Near the bottom of the volcano, we can see a yellow region vertically 

extended in an underground direction. This is the area of a pathway of magma (a combination of molten rock, 

volatiles, and solids existing below the surface of the Earth). Another example is shown in FIG. 34.6 (right 

column). This is the island of Iwo Jima.  

 

   

   
FIG. 34.6 Muographic images of active volcanoes. (Left column) Mt. Usu, Japan. (Right column) Iwo Jima. 

 
It is now possible to monitor volcanoes to capture magma movements in real time. Improvements are 

being made to make the process more dynamic and allow for faster image generation so that the changes that 

occur over time can be studied.  

In 2013 Dr. Tanaka discussed with the author the possibility of establishing a capability to survey and 

study Heard Island with muon radiography. Due to the isolation of the Heard Island and McDonald Islands, 

referred to collectively as HIMI, the opportunity to study the volcanic formations has been rare. The 

McDonald Island volcano has become active very recently. It has not been monitored and therefore the 

frequency of this activity and the effects on the landscape are unknown. Most of the information about the 

McDonald Islands gathered about HIMI has been limited to satellite observations. Tanaka’s opinion was that 

muography is an excellent candidate for the study of the HIMI volcanoes since the technology is portable, 

cost effective and provides unique information when compared to other methods.  

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.6 Clip_6_resize.jpg
file:///L:/PICs_Chapter_34_Research/FIG. 34.6 Clip_7_resize.jpg
file:///L:/PICs_Chapter_34_Research/FIG. 34.6 Clip_8_resize.jpg
file:///L:/PICs_Chapter_34_Research/FIG. 34.6 Clip_9_resize.jpg
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Hydrology 
 

Glaciology 

 
Much of glacier research related to climate change is focused on the big picture of the large mountain 

ranges and impact on water supplies or polar ice shelves and possible impact on ocean levels. But the study of 

smaller glaciers, and especially more isolated mountains, provides a more immediate assessment of the 

impact of climate change, because they may disappear first. Heard Island provides an ideal laboratory to study 

these changes, and also to make measurements to determine whether the observed changes are due to 

localized natural causes or global factors. The research projects (marked *) described on this page were 

proposed to the author by Prof. Hugo Delgado Granados, in the context of the planned 2016 Expedition to 

Heard Island. 

 
Photographic Imaging of the glaciers* 

 
Photograph glaciers from the same vantage point, angle, and distance of prior glacier 

photographs. These photos can then be used for computer-based analysis of the advance, 
retreat, thickness, and mass of the glaciers. 

 
Light Detection and Ranging (LIDAR) studies* 

 
Using the same locations as those used for the glacier photo-imaging. These would be 

analyzed in conjunction with the photographs. 

 
Multi-angle Imaging SpectroRadiometer (MISR)* 

 
Studies from the Terra satellite can be used in conjunction with ground-based imaging 

and measurements, to calibrate satellite data using ground measurements and to extend the 
ground data via the satellite measurements. This is particularly important for the 
measurement of the glacier albedo and mass balance. 

 
Trace elements* 

 
Impurities in ice cores may depend on location. Some volcanic events that were 

sufficiently powerful to send material around the globe have left a signature in many 
different cores that can be used to synchronize their time scales. The processing of samples 
for low levels of impurities probably requires extraordinary control and calibration of the 
processing.  

 
Ice cores 

 
Ice cores are drilled with hand augers (for shallow holes) or powered drills. They can 

reach depths of over 3 km and contain ice up to 800,000 years old. The physical properties of 
ice sampled in cores and of material trapped in it can be used to reconstruct the climate 
over the age range of the core. The proportions of different oxygen and hydrogen isotopes 
provide information about ancient temperatures, and the air trapped in tiny bubbles can be 
analyzed to determine the level of atmospheric gases such as carbon dioxide. The borehole 
temperature is another indicator of temperature in the past. These data can be combined to 
find the climate model that best fits all the available data. 
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Ecology 
 

Archaeobiology 

 
Most of the glaciers on Heard Island are retreating at relatively high rates, presumably due to global 

warming. The newly exposed areas enable invasion from nearby established plants and could enable regrowth 

of relictual populations that have been covered during long periods of glaciation. According to Science Daily 

(May 28, 2013), Catherine La Farge, a researcher in the Faculty of Science and director and curator of the 

Cryptogamic Herbarium at the University of Alberta, has overturned a long-held assumption that all of the 

plant remains exposed by retreating polar glaciers are dead: 

 
Previously, any new growth of plants close to the glacier margin was considered the 

result of rapid colonization by modern plants surrounding the glacier. Using radiocarbon 
dating, La Farge and her co-authors confirmed that the plants, which ranged from 400 to 600 
years old, were entombed during the Little Ice Age that happened between 1550 and 1850. 
In the field, La Farge noticed that the subglacial populations were not only intact but also in 
pristine condition– with some suggesting regrowth. 

 
La Farge studied bryophytes uncovered by the retreating Teardrop Glacier on Ellesmere Island in the 

Canadian Arctic Archipelago. But the same circumstance is very likely to occur on Heard Island. For 

example, FIG. 34.7 shows vegetation near Brown Glacier in 2003 (in red). Small areas of vegetation appear 

on the edges of the recently deglaciated areas of Brown Glacier. While these might be colonization, it is also 

possible that they are partially (or totally) relictual.  

 

 
FIG. 34.7 Vegetation near Brown Glacier 2003 

 
  

file:///L:/PICs_Chapter_34_Research/FIG. 34.7 Brown Glacier vegetation crop.jpg
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Microbiology 

 
The literature on microbial life on subantarctic islands is not extensive. As guides, there are various 

reviews of Antarctic microbiology and there are some studies of microbes on subantarctic islands. These 

citations are merely representative, and most do not refer to Heard Island directly but are relevant to all 

subantarctic islands.  

One of the potentially most interesting sites on Heard Island is a vent on the west shoulder of the Big Ben 

massif. The vent was observed at a distance by the author in 1997, but to date, no detailed documentation of 

it, or any other possible vents on Big Ben, has been made. If the vent has provided long-term local warmth 

and possibly chemical feedstock, it is not unreasonable to expect that it might support a local community. 

Considering the much greater ability of prokaryotes (archaea and bacteria) to survive in extreme 

environments than eukaryotes (protozoa, fungi, algae), we might expect to find the former, if not the latter. 

Unfortunately, opportunities to reach the summit of Mawson Peak are very limited.  

 
Tardigrades 

 
Tardigrades are famous for being able to withstand extreme conditions, especially cold. They do so by 

entering a near-zero metabolic state called cryptobiosis.  

A fundamental question arises: Has the isolation of Heard Island caused the local tardigrades to have lost 

(or gained) any ability to enter cryptobiosis? To address this question, it should be a relatively simple matter 

to make collections of tardigrades in numerous locations at Heard Island, process the material to extract the 

tardigrades, and store them according to a pre-designed regime, attempting to cause them to go into 

cryptobiosis. At appropriate times attempts would be made to revive them. Comparison of the results with the 

literature could give statistically meaningful information about the effects of stress (or comfort!) on this 

isolated population.  

 

 
FIG. 34.8 A tardigrade. Length ca. 0.5 mm. 

 
Meiofauna 

 
Meiofauna include animals ranging in size from 0.05 mm to 1 mm that live in sediments. The stability and 

complexity of the interstitial habitat generally result in faunal assemblages that are rich and diverse. Often the 

local meiofauna biomass exceeds the macrofauna biomass. While the extensive sedimentary areas on Heard 

Island, such as the Nullarbor, would be expected to have a meiofauna population, meiobenthic populations (at 

depth in the marine environment) are more likely to be far more diverse (Bick, 2013).  

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.8 Tardigrade 1.jpg
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Foraminifera 
 

One group of meiofauna of special interest is the foraminifera, microscopic one-celled animals that form 

tests that resemble molluscan shells. This group of animals is found worldwide. The fossil record of 

foraminifera dates back 540 million years. Modern forams are primarily marine, although some can survive in 

brackish conditions.  

Because of their diversity, abundance, and complex morphology, fossil foraminiferal assemblages are 

useful for biostratigraphy, paleoclimatology, and paleoceanography. They can be used to reconstruct past 

climate by examining the stable oxygen isotope ratios, and the history of the carbon cycle and oceanic 

productivity by examining the stable carbon isotope ratios. Living foraminiferal assemblages have been used 

as bioindicators in coastal environments.  

FIG. 34.9 shows photomicrographs of some typical foraminifera. These specimens are from Pitcairn 

Island, in the South Pacific. They were collected and photographed under the microscope by the author. 

Currently, we do not have a collection of foraminifera from Heard Island.  

 

 

 
FIG. 34.9 Examples of foraminifera. These are from the South Pacific.   

file:///L:/PICs_Chapter_34_Research/FIG. 34.9 IMG_9829 - Copy crop proc.jpg
file:///L:/PICs_Chapter_34_Research/FIG. 34.9 Various foraminifera.jpg
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Extremophiles 

 
An extremophile is an organism that can live in conditions that are outside the normal limits for life. 

Wikipedia gives the limits of known life on Earth. Some of the conditions found on Heard Island might be 

considered extreme. Table 34.9 lists various types of extremophiles and the conditions that they prefer. The 

instances that seem most likely to be found on Heard Island are marked “Yes”; unmarked instances are 

uncertain and/or marginal.  

 
Table 34.9 Classes of extremophiles 

Name Description Heard island 

Alkaliphile Optimal growth at pH levels of 9.0 or above (strongly basic) ? 
Barophile Optimal growth in hydrostatic pressures above 10 MPa (= 99 

atm = 1,450 psi).  
? 

Cryptoendolith Lives in microscopic spaces within rocks, such as pores between 
aggregate grains. Also called an endolith, a term that also 
includes organisms populating fissures, aquifers, and faults 
filled with groundwater in the deep subsurface. 

Yes 

Cryophile Optimal growth at temperatures of 15 °C (59 °F) or lower. Yes 
Halophile Optimal growth at a concentration of dissolved salts of 50 g/L (= 

5% m/v) or above. 
? 

Hypolith Lives underneath rocks in cold deserts. Yes 
Oligotroph Optimal growth in nutritionally limited environments. Yes 
Polyextremophile Qualifies as an extremophile under more than one category. ? 
Thermophile Optimal growth at temperatures above 45 °C (113 °F). Yes 

 
The most interesting group on this list is the thermophiles. If there are locations on the island where the 

temperature is exceptionally high, it is reasonable to expect that some organisms that can withstand such 

temperatures might be present. For instance, there is considerable literature on thermophilic fungi (Ellis, 

1980; Yellowstone, 1997).  

On Heard Island, there is at least one location where the temperature is likely to be relatively high, namely 

in the crater and around its lip on Mawson Peak. In fact, it seems almost inevitable that thermophilic species 

will be found in and around the crater, and it would not be surprising that undescribed species will be found 

there as well.  

Referring again to Table 34.9, cryophiles will be the most common on Heard Island. The ambient 

temperature throughout the year is around freezing (0°C), seldom rising above 30°C. All the megafauna 

(seals, birds) are well protected, and presumably thrive in subantarctic temperatures. The fact that the 

dominant plants (Azorella selago, Pringlea antiscorbutica, …) thrive in the subantarctic seems to be a good 

indicator that these organisms are optimized for such temperatures, although this is not conclusively 

demonstrated. 

Also, in FIG. 34.10, cryptoendoliths and hypoliths may be important. Thermal cycling of the rocks creates 

microcracks, which fill with water. These microcracks provide spaces for endoliths, which would only be 

visible by microscopic and microchemical techniques. Since the environment is one of high contamination by 

spores and fragments of organisms, as well as high winds and precipitation, there is plenty of opportunities 

for organic materials to be distributed everywhere, including into microcracks that can support the endoliths. 

 
  

https://en.wikipedia.org/wiki/Alkaliphile
https://en.wikipedia.org/wiki/Cryptoendolith
https://en.wikipedia.org/wiki/Halophile
https://en.wikipedia.org/wiki/Hypolith
https://en.wikipedia.org/wiki/Oligotroph
https://en.wikipedia.org/wiki/Thermophile
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Species vs body mass 

 
Worldwide, the body mass of animals ranges over 15 orders of magnitude, 0.00000045 to 1,350,000 g. In a 

2001 article, Gaston, Chown, and Mercer show a plot of the number of species as a function of body mass 

(FIG. 34.10). The bimodal distribution is extraordinary. Roughly, the left mode representing invertebrates 

and the right mode representing vertebrates. Interestingly, the invertebrates center on about 1 mg, while the 

vertebrates center about 1 kg.  

 

 
FIG. 34.10 Frequency distribution of logarithmically transformed body masses of free-living animal species 

using Marion Island to breed; the distribution excludes those that solely exploit freshwater and littoral 
habitats. 

 

Unobserved species 

 
There is a reasonable likelihood that numerous unknown species exist on Heard Island. In this section, we 

attempt to make an estimate of their possible number. It is the little creatures, the insects and other semi-

microscopic and microscopic forms, that are most likely to contain undocumented species on Heard Island.  

The records indicate that perhaps 200 small (L<1 cm) species are known at Heard Island. How many 

species might we expect remain to be discovered? To estimate this, we examine models of the number of 

species as a function of body size (or mass). The metabolic theory of ecology (MTE), proposed many years 

ago by Hutchinson, MacArthur and May, and developed extensively since by many others, predicts that the 

number of species scales inversely as the square of their length, that is, N=C/L
2
. Considerable observational 

data shows that this relation is valid in many cases.  

We can use this relation to make a prediction for Heard Island fauna as follows: From the records listed in 

Green and Woehler (1993), a very rough categorization of the sizes and the number of (known) species in 

these categories is listed in Table 34.10.  

 
Table 34.10 Size-no. species relationships on Heard Island 

Group Size [cm] # species 

Invertebrates 1 170 
Birds 30 19 

Mammals 300 5 

 
  

file:///L:/PICs_Chapter_34_Research/FIG. 34.10 Species vs body size labeled.jpg
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Now according to the MTE, we scale the number of mammals by 1/L
2
 to get the predicted number of birds 

(=500) and invertebrates (=17,100). Clearly, these numbers of species are far higher than observed on Heard 

Island, confirmation of the description of the island as reduced (“moderate” or “low”) diversity. In FIG. 34.11 

we plot (solid lines) the number of species versus size (from the table above), together with the scaled MTE 

predictions. The area under the Heard Island curve (blue) to the right of zero (L=1 cm) contains about 200 

species (the curve was constructed to be this way, to match the observations). 

 

 
FIG. 34.11 Possible numbers of species on Heard Island, according to the metabolic theory and observations 

on Heard Island, both extrapolated to species smaller than 1 cm. 

 
However, we can make a rough estimate of the total number of macrofauna species on Heard Island as 

follows: First, because at L=1 cm, the curve appears to be still rising toward smaller sizes, we can assume that 

it will continue to rise for L<1 cm until it starts to turn over as it approaches the modal size. Second, we will 

arbitrarily assume that the modal size is approximately L=0.1 cm (=1 mm). With these assumptions, we can 

draw hypothesized extensions of the distributions smaller than L=1 cm (the dashed lines in the plot above).  

From the plot, it appears that the area under the left-hand-side of the Heard Island curve (L<1 cm) is 

perhaps 50% larger than the corresponding area on the right-hand-size (L>1 cm). If we limit our search to the 

range L=0.1-10 mm, we include the algae and protozoa, but exclude fungi, bacteria, and viruses. To this could 

be added an unknown number of floral species. We thus conclude that there are potentially between 200 and 

300 undiscovered species at Heard Island in the size range L=0.1-10 mm. Note that two taxa, known at Heard 

Island, namely foraminifera (L=0.3 mm) and tardigrada (L=0.5 mm), are well within this range. It will not be 

surprising to find additional new species in these two taxa, and perhaps additional undocumented taxa.  

In fact, the metabolic model scaling (1/L
2
) is correct only asymptotically to large size, i.e., for the right-

hand-size of the species-size distribution in the figure. Observed distributions always reach a peak at a modal 

size, falling off toward larger and smaller sizes. We are clearly unable to know precisely how the distribution 

at Heard Island falls off, or even where the modal size is. This is, of course, motivation to go there: to 

determine the actual curve.  

FIG. 34.12 shows some places that might be worthy of searching for species previously unknown at Heard 

Island. Generally, these are areas with vegetation. However, there is plenty of sediment and other non-

vegetative materials that could well support biota, including in and under glacial ice, shorelines, and as 

described elsewhere, the vicinity of Mawson Peak, where heat might be sufficient to support mesophiles or 

thermophiles.  
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FIG. 34.12 Places on Heard Island we might find unknown species: (Top row) Azorella Peninsula, Mt. Aubert de 

la Rüe. (Bottom row) Laurens Peninsula, Long Beach, 

 

Climate change, glacial recession, and plant diversity 

 
In a Wikipedia article, Dana Bergstrom addresses the connection between climate change, glacial 

recession, and species diversity: 

 
One of the most rapidly changing physical settings in the subantarctic has been 

produced on Heard Island by a combination of rapid glacial recession and climate warming. 
The consequent increase in habitat available for plant colonization, plus the coalescing of 
previously discrete ice-free areas, has led to marked changes in the vegetation of Heard 
Island in the last 20 years or so. Other species and vegetation communities found on 
subantarctic islands north of the Antarctic Convergence now absent from the Heard Island 
flora may colonize the island if climate change produces more favorable conditions. 

Some plant species are spreading and modifying the structure and composition of 
communities, some of which are also increasing in distribution. It is likely that further 
changes will occur, and possibly at an accelerated rate. Changes in population numbers of 
seal and seabird species are also expected to affect the vegetation by changing nutrient 
availability and disturbance through trampling. 
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New plant species 

 
The Wikipedia article notes details of individual plant species: 

 
One plant species on Heard Island, Poa annua, a cosmopolitan grass native to Europe, 

was possibly introduced by humans, though is more likely to have arrived naturally, probably 
by skuas from the Kerguelen Islands where it is widespread. It was initially recorded in 1987 
in two recently deglaciated areas of Heard Island not previously exposed to human 
visitation, while being absent from known sites of past human habitation. Since 1987 Poa 
annua populations have increased in density and abundance within the original areas and 
have expanded beyond them. Expeditioner boot traffic during the Australian Antarctic 
program expedition in 1987 may be at least partly responsible for the spread, but it is 
probably mainly due to dispersal by wind and the movement of seabirds and seals around 
the island. 

The potential for introducing additional plant species (including invasive species not 
previously found on subantarctic islands) by both natural and human-induced means is high. 
This is due to the combination of low species diversity and climatic amelioration. During the 
2003/04 summer, a plant species, Cotula plumosa, previously unknown on Heard Island, was 
seen. Only one small specimen was found growing on a coastal river terrace that had 
experienced substantial expansion of vegetation over the previous decade. C. plumosa has a 
circum-Antarctic distribution and occurs on many subantarctic islands. (Bergstrom). 

 
FIG. 34.13 is a photograph of C. plumosa. 

 

 
FIG. 34.13 Cotula plumosa 

 
In 2005 Turner, et al. identified the plant seen on Heard Island as Leptinella plumosa. There appears to be 

a concensus that L. plumosa and C. plumosa are synonyms. The author believes there are many more 

undocumented species on Heard Island, although likely they will appear in very small numbers. 

  

http://en.wikipedia.org/wiki/Poa_annua
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Chapter 34 RESEARCH ⃝ Page 781 

Marine research 

 
The AAD provides descriptions of marine science in the HIMI: 

 
No field research has been undertaken to assess the effects of trawling on the benthic 

environment. Such work is important to evaluate the threats to the specific habitats 
identified in this report. It will involve comparing benthic assemblages in areas where fishing 
occurs with adjacent areas where fishing does not occur. In addition, some experimental 
trawling will need to be undertaken to determine the vulnerability of some habitats to the 
effects of trawling.  

Studies to examine more closely future management plans will require mapping of the 
different habitats, such as acoustic mapping of the substratum, combined with sampling of 
the benthos, particularly the habitat-forming benthos such as sponges and corals. This 
sampling does not need to be synoptic over the whole region but could be undertaken using 
a stratified random sampling design. Such a design would aim to determine the extent of 
differences in assemblages and habitats between the different biophysical units as they are 
presented in this report. The design could also be established to provide the baseline data 
required for comparing areas inside and outside the marine protected area. This would then 
form part of a long-term monitoring program for the marine protected area for its 
effectiveness at achieving its objectives. 

 

Soil science  

 
There is not much “soil” on Heard Island and almost no description of what soils are there. Such soils are 

generated by weather erosion and by biological processes. In wallows, small lakes, and alongside running 

streams, some plants are supported and form protection and nesting for seabirds and small invertebrates. 

Within the general field, we can recognize geography [the distribution of soils], pedology [understanding 

and characterizing soil formation, evolution, and the frameworks through which we understand a body of 

soil], and edaphology [how soil influences plant communities, natural or cultivated].  

In the larger context of subantarctic islands, we can find a fairly extensive literature, e.g., the 

microbiological studies of Macquarie Island by Bunt and Rovira (1955), the study of soil respiration rate on 

Marion Island by Lubbe and Smith (2012), and most recently the study of Macquarie Island by Wilson, et al. 

These last authors make the following points: 

 
 Soil morphology and C, N, P abundances are determined by altitude and 

topographic position. 
 Coastal soils continue to aggrade, benefiting from oceanic/avian nutrient 

subsidy. 
 Soil 

14
C contents indicate that soils on the central plateau are relic or degrading. 

 Island soils are fundamental indicators of ecosystem function and potential 
change. 

 
Although soils on Heard Island will be different from those on Marion and Macquarie, these principles 

probably apply, at least partially, to the former.  

 
  

https://en.wikipedia.org/wiki/Edaphology
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Rafting 

 
The flow of propagules from other locations to Heard Island is well-established. With the change in 

climate, flow patterns of the circumpolar currents could change. Hence, continuous monitoring of such flow 

would be important. To some extent, the thousands of floating and diving buoys launched and monitored by 

NOAA effectively track the currents. However, opportunities for rafting change with the type of raft and the 

species of the rafters, hence may not be monitored by the buoys. Perhaps experiments should be implemented, 

whereby various kinds of rafts (logs, seaweed mats, fish, etc.) are launched with various kinds of rafters 

(plants, spores, invertebrates, etc.) and monitored.  

 

 
FIG. 34.14 The circumpolar winds and currents have the potential to carry materials, especially propagules, 

from numerous subantarctic islands directly to Heard Island. On this map, the arrows point to the subantarctic 
islands. 

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.14 Subantarctic islands wind proc.jpg
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Technology 
 

Field operations 
 

There is an ongoing need to improve the field procedures in observing and recording populations. One 

example of this is the sampling scheme for the management of keystone species such as burrow-nesting 

seabirds. Here are a few cases: 

 
On Macquarie Island, a survey between 1975 and 1982 found that the population size of 

all burrow-nesting petrels has been adversely modified by alien fauna introduced last 
century. Current deterioration of their status is localized, and with proper management, 
there may be recovery.  

– – Brothers, 1984 
 
On Marion Island, cats were introduced in 1949. By the 1970s there were 2000 cats on 

the island, killing 450,000 seabirds annually. The cats were eradicated in 1991, but mice 
remained, and the recovery of the seabird population was far lower than expected. 

– – Dilley, et al., 2017 
 
Also on Marion Island, interspecies burrow competition and chick evictions generally 

occur as a result of an overlap in breeding seasons. For example, a pair of White-chinned 
Petrels evicted a Grey Petrel chick, but then had their own chick killed by Grey Petrels the 
following season, which went on to breed successfully in the same burrow. 

– – Dilley, et al., 2019 

 
Buxton, et al., described a sampling scheme for the management of an island keystone species, burrow-

nesting petrels. Here is part of the abstract of their paper: 

 
Burrow‐nesting petrels are keystone species in island ecosystems, where they modify 

habitat through guano deposition and burrow digging. Burrowing petrels are among the 
most threatened groups of birds, yet robust long‐term monitoring data remain scarce 
because of the financial and logistical constraints of working on offshore breeding islands, 
the variety of surveying strategies used, and the birds' below‐ground breeding behavior. 

We examined the sampling requirements of monitoring programs to detect changes in 
the number of breeding pairs of gray‐faced petrels (Pterodroma gouldi). Our analyses 
suggest that, under the most suboptimal monitoring conditions, at least 45 randomly 
assigned 5‐m‐radius plots surveyed annually during the incubation period for ≥20 years will 
be required to detect a 1% annual change in breeding bird abundance. 

 
Detection of small changes in populations is essential if Heard Island would be used as an early warning 

site for global climate change. However, the results of Buxton, et al., show the significant challenge to studies 

of this kind. The conclusion is that both the ability of Heard Island to be a detector and the willingness to pay 

the price of implementing it are but two components that would have to be included in ecosystem models. In 

this case, and many others, the entire global state might have to be part of the model.  
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Remote sensing 

 
The research projects (marked *) described on this page and the next were proposed to the author by Prof. 

Hugo Delgado Granados, in the context of the planned 2016 Expedition to Heard Island. 

 
Laser Remote Sensing (LRS)* 

 
Laser remote sensing (LRS) is particularly valuable for environmental monitoring on a 

challenging location such as Heard Island. The complex, changing, inaccessible, and 
sometimes dangerous terrain makes it impractical to make frequent measurements in the 
field. The great advantage of LRS is that an instrument can be permanently emplaced in a 
protected site, with data telemetered to a central communications station. LRS can be used 
for a variety of measurements, including: 

 
 The extent and positions of glaciers 
 Release of rocky cliffs 
 Emissions from Mawson Peak (both gases and lava) 
 Wind vectors 
 Cloud formations 
 Flying bird populations and movements 
 Atmospheric particulate densities 
 Crosswind velocities 

 
Laser Ranging Retro Reflector (LRRR)* 

 
It is proposed to deploy an LRRR on the summit and/or exposed sub-peaks. This would 

enable subsequent expeditions to measure changes in conjunction with more accessible 
low-elevation GPS stations or pins at the base of the massif.  

 

    
FIG. 34.15 A plan for LIDAR of several points on Big Ben. (Left) Example of a laser-ranging instrument. (Right) A 
proposed position of the instrument at Saddle Point. In addition to seven points on Heard Island, this system 

would allow ranging on Shag Island. 

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.15 Military_Laser_rangefinder_LRB20000.jpg
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Digital Elevation Model (DEM)* 
 

A Digital Elevation Model can be created using a Geographic Information System (GIS) 
analysis combining existing map data and satellite imaging prior to the expedition, and then 
calibrated and refined using the terrestrial and aerial data collected by the expedition. 

 
Global Positioning System (GPS) 

 
Deployment of a permanent GPS station on Heard Island is recommended. A survey of 

Big Ben to collect highly accurate GPS readings from multiple points of exposed rock along 
ridgelines, from the summit and subsidiary peaks is recommended. 

One particularly useful technique is LIDAR (Light Detection and Ranging). FIG. 34.15 
shows a plan for a LIDAR unit, positioned on Saddle Point and sampling the areas on Laurens 
Peninsula, Azorella Peninsula, Atlas Cove, Mawson Peak, and a variety of other locations, 
including Shag Island. Presumably, the instrument would be mounted in a shelter with 
environmental sensors, only ranging when the weather is favorable. A building in the form of 
a rotating turret, like an observatory, might be an effective design. Additional units could be 
located on Mt. Dixon (Laurens Peninsula), Rogers Head (Azorella Peninsula), Elephant Spit, 
and Mawson Peak. 

 
Ground Penetrating Radar (GPR)* 

 
Studies of the Big Ben massif require high-accuracy long-term location and elevation 

measurements, including terrestrial and satellite photographic imaging and LIDAR. 
topographic surveys allow documenting the landforms, and in this way provide the basis for 
the understanding of the evolution of the island through the changes of the physiographic 
features. This evolution may help to identify the importance of the different morphological 
processes. To this end, the following project is recommended: 

Ground Penetrating Radar (GPR) measurements would be used to measure the 
thickness of select glaciers along transects at various elevations. Typically, these are 
recorded by pulling sled-based antennas along relatively flat traverses perpendicular to the 
flow of the glaciers. Locating appropriate areas and reaching them would require 
coordination with a helicopter and manpower on the ground. 

 
Summit sensors 

 
The most obvious set of sensors for Mawson Peak would be an automatic weather 

station (AWS) combined with a seismometer. The data would provide input to models of 
wind, precipitation, cloudiness, illumination, and volcanic activity. It likely could provide 
precursor detection of impending eruptions. 

It is proposed to implement infrared sensors and a camera on the summit of Big Ben. At 
least some of the instrumentation would be aimed at the volcano crater. Thermal sensors 
could be deployed on the floor of the crater and its edges. 
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System simulation 

 
In Chapter 31 we discussed the procedure for mathematizing populations and systems, involving setting up 

systems of differential equations for the dynamics of each component in the system. This effort would 

eventually lead to the development of a large code for the space-time dependence of each (defined) 

component in the system.  

In Chapters 32-34 we presented multiple lists of variables describing the system that we might want to 

include in a full-scale simulation. The coupling between the pairs of components in the system can be 

represented as a 2D matrix, shown in FIG. 34.16 (Left). We assume initially that we can include as many 

variables as we wish, without any arbitrary limit, hence this matrix could well be very (or very, very!) large. 

 

  
FIG. 34.16 The coupling matrix for a multicomponent system. (Left) Original matrix. (Right) After eliminating 

smaller couplings, leaving (in this case) a tridiagonal matrix.  

 
However, including “too many” variables will make the set of equations impossible to solve. Numerical 

solution of such coupled equations is exponentially more difficult as the number of components (order of the 

matrix) increases.  

The strategy is to examine the coupling between the various components, eliminating small couplings. For 

instance, we believe that the predation of leopard seals on penguins is significantly large, while the predation 

of tardigrades on leopard seals is very small. In the matrix, this means looking at the off-diagonal elements to 

find those that are very small and setting them to zero. In some cases, it is possible to eliminate all matrix 

elements except the main diagonal and two adjacent diagonals, leaving a “tridiagonal matrix” (FIG. 34.16 

(Right)). With this simplification, the coupled equations might become tractable. Algebraic procedures can 

simplify such matrices and enable inversion and solutions of linear systems (Wikipedia). Furthermore, there 

are also algorithmic advantages in reducing the matrix to pentadiagonal and heptadiagonal matrices, and there 

are open source programs for inverting general tridiagonal matrices (El-Mikkawy and Karawia, 2005). 

 

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.16 Matrix full diagonal.jpg
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Chapter 34 RESEARCH ⃝ Page 787 

Radio science 

 
Amateur radio (DX) 

 
A small number of amateur radio operations have been carried out on Heard Island. In 1983 the Heard 

Island DX Association (HIDXA) organized and led by Jim Smith, logged more than 14,000 contacts using the 

callsigns VKØJS and VKØNL. In 1997 the first Cordell Expedition, organized and led by the present author, 

logged 80,673 contacts (a new world record) using the callsign VKØIR. In 2016 the second Cordell 

Expedition, also organized and led by the author, logged 75,034 contacts using the callsign VKØEK. 

Complete descriptions of these operations are available in the author’s monograph and magazine articles 

(Schmieder, 1997, 2017)  

Other than the sport of DXing, the value in these radio operations is that they give information on the 

propagation of radio waves in the vicinity of a large structure such as a volcano. 

 
Remote radio operation 

 
During the preparation for the 2016 radio operation, Mike Coffey KJ4Z developed the capability to operate 

a station on Heard Island from a remote location. While remote radio control and operation is now becoming 

common, to our knowledge no major DXpedition had attempted it. FIG. 34.17 shows the setup used by the 

VKØEK Heard Island radio operation in 2016. The actual operator was Mike, who was in the San Francisco 

Bay area. DXers who requested a contact while this system was online were unaware that they were actually 

interacting with an operator in Northern California, not on Heard Island! 

   
FIG. 34.17 Remote amateur radio. (Left) A remote-capable radio made by Elecraft (the K3/0). (Right) The flow 

of the signal from a station (W1AW) that seeks to contact the Heard Island station (VKØEK). 

 
In a hypothetical case, a DXer at any location in the world calls the station on Heard Island. Normally the 

operator on the island would respond and log the contact, and then proceed to the next call. But in remote 

operation, the radio itself uploads the incoming signal through a satellite to a designated internet server, which 

then routes it over the internet to a terminal and radio operated by a team member at his home station (also 

located anywhere). This operator can hear the signal as if it is coming directly from Heard Island, even though 

it was relayed by the satellite/server. This operator then responds to the contact, as if he is responding directly 

to the calling DXer, and this signal is routed back through the satellite to the station on Heard Island which 

logs the call. The net result is a valid radio contact that exploits the signal capability of the satellite, hence 

increases the chance of the DXer getting a confirmed contact.  

The advantage of implementing remote radio is that it could provide means for real-time sensing of 

conditions on Heard Island, and cooperative human interactions to take actions. This would be similar to 

humans controlling the real-time movements and actions of a Mars rover, with the capability to engage a base 

team in adaptive controls. Even simpler, it could reduce the need for humans to physically be on Heard Island 

to operate a radio. 

  

file:///L:/PICs_Chapter_34_Research/FIG. 34.17 Elecraft k30.jpg
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Chapter 35 Resources 
 

Authorities 
 

Legislative documents 

 
Control of the Islands was transferred from the United Kingdom to the Australian Government in 1947, 

confirmed by an exchange of letters between the two governments on 19 December 1950. The Heard Island 

and McDonald Islands Act 1953 ratifies Australia’s acceptance of sovereignty over the Territory and provides 

for the legal regime. There is a basic set of documents (growing and evolving) that provide for managing 

various aspects of the territory. 

 
 1953 Heard Island and McDonald Islands Act 

 
This is the principal document that establishes Australia’s ownership of the islands and the responsibility 

for managing them. The following documents institutionalize various “Acts”: 

 
 1975 National Parks and Wildlife Conservation Act 
 1981 Environment Protection (Sea Dumping) Act 
 1981 The Antarctic Marine Living Resources Conservation Act 
 1982 Wildlife Protection (Regulation of Exports and Imports) Act 
 1983 World Heritage Properties Conservation Act 
 1989 Hazardous Wastes (Regulation of Exports and Imports) Act 
 1991 Fisheries Management Act 
 2000 Environment Protection and Biodiversity Conservation Act 
 2004 Whale Protection Act 
 2016 Antarctic Marine Living Resources Conservation Act 
 2017 Protection of the Sea (Prevention of Pollution from Ships) Act 

 

Management documents 

 
It will not be surprising that Heard Island Wilderness Reserve is managed and controlled by a large 

number of overlapping agencies. The Australian Antarctic Data Center (AADC) stores legacy descriptions of 

the motivations, basis, and specifics of the Reserve. It contains the following management and policy 

documents, among many others: 

 
 1979 Australian Fishing Zone (AFZ) 
 1982 Convention for the Conservation of Antarctic Marine Living Resources (CCAMLR) 
 1987 Territory of Heard Island and McDonald Islands Environment Protection and 

Management Ordinance 
 1987 Heard Island Wilderness Reserve Management Plan 
 1987 Heard Island Environment Protection and Management Ordinance 
 1993 Criminal Procedure Ordinance 
 1994 Australian Exclusive Economic Zone (AEEZ) 
 1995 Heard Island Wilderness Reserve Management Plan 
 2005 Heard Island and McDonald Islands Marine Reserve Management Plan 2005 
 2014 Heard Island and McDonald Islands Marine Reserve Management Plan 2014-2024 
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Australian Antarctic Program (AAP)  

 
The Australian Antarctic Program (AAP) has four key goals (https://www.antarctica.gov.au/ ): 

 
 Maintain the Antarctic Treaty System, enhance Australia's influence in it 
 Protect the Antarctic environment 
 Understand the role of Antarctica in the global climate system 
 Undertake scientific work of practical, economic, and national significance. 

 

Australian Antarctic Division (AAD)  

 
The Australian Antarctic Division (AAD) is a division of the Department of Agriculture, Water, and the 

Environment. It is responsible, on behalf of the Australian Government, for administering the two Australian 

territories that lie in Antarctic or subantarctic latitudes: 

 
 Australian Antarctic Territory 
 Heard and McDonald Islands. 

 
The AAD, as manager of the Reserve on behalf of the Director of National Parks, is responsible for 

protecting, conserving, and managing biodiversity and heritage, and for facilitating research and 

investigations to help meet these management objectives (http://heardisland.antarctica.gov.au/protection-and-

management/marine-reserve ) for the Reserve.  

The Division undertakes science programs and research projects to contribute to an understanding of 

Antarctica and the Southern Ocean. It conducts and supports collaborative research programs with other 

Australian and international organizations, such as the Bureau of Meteorology and Geoscience Australia, as 

well as administering and maintaining a presence in the Australian Antarctic and subantarctic territories. 

Under its charter the AAD: 

 
 Administers the Australian Antarctic Territory and the Territory of Heard Island 

and McDonald Islands 
 Conducts research in high priority areas of Antarctic science 
 Coordinates and manages Australia's logistic program in Antarctica 
 Promotes Antarctic research in universities through grants and the provision of 

logistic support 
 Develops policy proposals and provides advice on Australia's Antarctic interests 
 Promotes Australia's Antarctic interests within the Antarctic Treaty System 
 Maintains a continuing presence in the region through permanent stations, the 

establishment of field bases, and the provision of transport, communication 
and medical services 

 Acts as the primary source of Australian Antarctic information 

 
  

https://www.antarctica.gov.au/
https://en.wikipedia.org/wiki/Australian_Antarctic_Territory
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Heard Island and McDonald Islands Marine Reserve (HIMI/MR) 

 
Wikipedia provides this description of the Heard Island/ McDonald Islands Marine Reserve (HIMI/MR): 

 
The HIMI/MR was established in October 2002. The Reserve is a “Commonwealth 

Reserve,” declared under section 344 of the Environment Protection and Biodiversity 
Conservation Act 1999 (the EPBC Act). It was declared by Proclamation for the purpose of 
“protecting the conservation values of Heard Island and McDonald Islands and the adjacent 
unique and vulnerable marine ecosystems.” It was expanded on 28 March 2014 following a 
comprehensive scientific assessment of the region’s conservation values and extensive 
consultation with key stakeholders. 

The management objectives for the Reserve outlined in the Reserve Proposal were to 
protect conservation values of Heard Island and McDonald Islands (HIMI), the territorial sea, 
and the adjacent EEZ [Exclusive Economic Zone] including: 

 
 The World Heritage and cultural values of the HIMI Territory 
 The unique features of the benthic and pelagic environments 
 Representative portions of the different marine habitat types 
 Marine areas used by land-based marine predators for local foraging activities 
 Provide an effective conservation framework that will contribute to the 

integrated and ecologically sustainable management of the HIMI region as a 
whole 

 Provide a scientific reference area for the study of ecosystem function within 
the HIMI region 

 Add representative examples of the HIMI EEZ to the National Representative 
System of Marine Protected Areas. 

 
The boundaries defining the HIMI/MR are shown in FIG. 35.1. This version is dated March 2014. 

 

 
FIG. 35.1 Boundaries of the Heard Island and McDonald Islands Marine Reserve as of 2014 
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Among its many guides, the AAD provides these statements about research in the HIMI: 

 
Research and environmental monitoring are necessary to improve our understanding of 

the HIMI environment and how it is changing. This understanding, in turn, helps to develop 
better management strategies for how we can minimize any changes that are potentially 
resulting from human activities or pressures. 

Monitoring and reporting on the condition of the HIMI environment is also a 
requirement under Australian legislation. Annual “State of the Park” reporting required for 
all Commonwealth reserve also involves reporting on the status of the HIMI Marine Reserve, 
while various recovery plans, actions plans, and threat abatement plans require periodic 
monitoring and reporting on the condition of wildlife populations such as albatrosses and 
giant petrels, southern elephant seals and Antarctic fur seals. Monitoring includes recording 
the number of vessels and people visiting, determining the impact of human activities 
through the presence of facilities, equipment, sampling sites, or spills. 

 
The AAD maintains a State of the Environment Reporting System (SERS) called SIMR (the System for 

Indicator Management and Reporting). This internet-based database reporting system provides for the 

management and evaluation of information relating to environmental indicators of condition, pressure, and 

response.  

 
Research within the Reserve contributes to the integrated and ecologically sustainable 

management of the HIMI region. Studies of fish stocks, the foraging ranges and diets of land-
based marine predators, and the composition and condition of benthic communities provide 
essential information to guide the sustainable management of the HIMI fishery and the 
CCAMLR region.  

 
International agreements referred to above include: 

 
 1979 Convention on the Conservation of Migratory Species of Wild Animals (Bonn 

Convention) (CCMSWA) 
 1981 Agreement between the Government of Australia and the Government of Japan for 

the Protection of Migratory Birds and Birds in Danger of Extinction and their 
Environment (JAMBA) 

 1988 Agreement between the Government of Australia and the Government of the 
People's Republic of China for the Protection of Migratory Birds and their 
Environment (CAMBA) 

 2001 Agreement on the Conservation of Albatrosses and Petrels (ACAP) 

 
The Biodiversity Conservation Act 1999 for listed threatened species, and other national action plans, are 

relevant to the protection and management of species found in the Reserve. These include: 

 
 1999 Action Plan for Australian Cetaceans 
 1999 Action Plan for Australian Seals 
 2000 Action Plan for Australian Birds 
 2001 National Recovery Plan for Albatrosses and Giant Petrels 
 2004 Subantarctic Fur Seal and Southern Elephant Seal Recovery Plan 
 2018 Threat Abatement Plan for the Incidental Catch (or By-catch) of Seabirds During 

Oceanic Longline Fishing Operations 

  

http://heardisland.antarctica.gov.au/protection-and-management/history-of-protection/pressures
https://data.aad.gov.au/aadc/soe/
https://www.cms.int/
https://www.cms.int/
https://www.environment.gov.au/biodiversity/migratory-species/migratory-birds
https://www.environment.gov.au/biodiversity/migratory-species/migratory-birds
https://www.environment.gov.au/biodiversity/migratory-species/migratory-birds
https://www.ecolex.org/details/treaty/agreement-between-the-government-of-australia-and-the-government-of-the-peoples-republic-of-china-for-the-protection-of-migratory-birds-and-their-environment-tre-155022/
https://www.ecolex.org/details/treaty/agreement-between-the-government-of-australia-and-the-government-of-the-peoples-republic-of-china-for-the-protection-of-migratory-birds-and-their-environment-tre-155022/
https://www.ecolex.org/details/treaty/agreement-between-the-government-of-australia-and-the-government-of-the-peoples-republic-of-china-for-the-protection-of-migratory-birds-and-their-environment-tre-155022/
https://www.acap.aq/resources/about-acap
https://www.environment.gov.au/resource/action-plan-australian-cetaceans
https://www.environment.gov.au/resource/action-plan-australian-seals
https://www.environment.gov.au/resource/action-plan-australian-birds-2000
https://www.environment.gov.au/biodiversity/threatened/recovery-plans/national-recovery-plan-threatened-albatrosses-and-giant-petrels-2011-2016
https://www.environment.gov.au/resource/sub-antarctic-fur-seal-and-southern-elephant-seal-recovery-plan#:~:text=The%20objective%20of%20the%20recovery,anthropogenic%20impacts%20are%20not%20limiting.
https://www.antarctica.gov.au/about-antarctica/environment/plants-and-animals/threat-abatement-plan-seabirds/
https://www.antarctica.gov.au/about-antarctica/environment/plants-and-animals/threat-abatement-plan-seabirds/
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HIMI Management Plans 

 

   
FIG. 35.2 The HIMI Management Plans. (Left) 1995. (Middle) 2005. (Right) 2014-2024. 

 
Every ten years the AAD updates the Heard Island Wilderness Reserve Management Plan. The overall 

principle for research in the HIMI, as stated in the Plans, is: 

 
Where feasible, research shall be undertaken to improve understanding of the Reserve’s 

values and facilitate accurate reporting on the condition of the Reserve’s values as per 
legislative requirements. 

 
More specific priorities for research and monitoring are contained in the following list.  

 
A1 Research to provide fundamental data on the distribution, abundance, and population 

trends of listed threatened species or threatened ecological communities 
A2 Surveys of indigenous species to obtain baseline information to compare against non-

native species 
A3 Surveys to determine the presence and extent of possible non-native species 
A4 Monitoring the spatial extent and character of human disturbance or ‘footprint’ (such as 

the total area impacted by facilities, debris, historic sites, and sampling sites 
A5 Long-term monitoring of climate, glaciers and fauna and flora colonization of newly 

deglaciated areas 
A6 Surveys to improve understanding of the Reserve’s biodiversity and its response to 

climate change 
A7 Studies to evaluate the ecological character of wetland areas 
A8 Research into the location, condition, and significance of heritage sites and items 
A9 Hydrographic surveys for the production and updating of marine charts.  
  

file:///L:/PICs_Chapter_35_Resources/FIG. 35.2 HIMI Reserve Plan.jpg
file:///L:/PICs_Chapter_35_Resources/FIG. 35.2 Clip.jpg
file:///L:/PICs_Chapter_35_Resources/FIG. 35.2 Clip_2 crop.jpg
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The 2005 HIMI Wilderness Reserve Plan lists AAD documents that contain numerous policy and 

resources statements, among which are: 

 
 ANARE Operations Manual 

This manual contains instructions, and guidelines on operational activities including 
waste management and environmental practices in Antarctica. 

 Helicopter Operations 
These guidelines outline requirements for helicopter operations in the Antarctic and 
subantarctic to prevent harmful interference with wildlife. 

 Environmental impact evaluation guidelines 
These guidelines outline the requirements and procedures for undertaking the 
environmental assessment of proposed activities. 

 Voyage and field leaders’ briefs 
These documents include relevant instructions when official activities are planned in the 
Territory. 

 ANARE Antarctic Field Manual 
This manual outlines the recommended procedures relevant to safety and survival, and 
includes relevant environmental protection requirements. 

 Animal research guidelines 
These guidelines are for research involving animal experimentation or the use of 
ionizing radiation. 

 Archaeological site guidelines 
These outline interim procedures for ANARE operations that may have an impact on 
heritage sites. 

 
This list of relevant documents may change from time to time, and the documents are subject to regular 

review considering changing operational and environmental policies. Thus, readers are advised to obtain the 

most recent documents.  

In 2014, the AAD published a revised HDMI Management Plan 2014-2024. On 13 May 2014, the Director 

of the Australian Antarctic Division implemented a prohibition on entry to the Territory of Heard Island and 

McDonald Islands, with certain exceptions. The policy provides that “Visits … may be undertaken if 

authorized.” This is typical of the increased detail and authority of the AAD for managing the HIMI, 

including scientific research within its borders.  
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Australian Antarctic Science Strategy 2004-05 to 2010-11 

 
This strategy for Australia's scientific research program in Antarctica, from 2004-05 to 2010-11, is 

designed to support the Australian Government's role in the Antarctic Treaty System and to enhance its 

influence in it. The following are taken from AAD publications (http://www.antarctica.gov.au/antarctic-law-

and-treaty): 

 
 Context 

Global climate change will inexorably affect Australia's weather and future climate, its 
fringing oceans, and its diverse natural ecosystems. Better predictions of future change are 
needed if Australia is to meet the challenge of the next several decades. Antarctica and the 
high-latitude Southern Ocean are especially relevant to Australia because of their proximity 
and their influence on regional climate processes and because of the importance of the 
Southern Ocean to so much of our marine industries. 

 
 Priority science programs 

The 2004/05-2010/11 Antarctic scientific research program will focus primarily on three 
multi-disciplinary priority science programs: 

 
 Ice, ocean, atmosphere, and climate 
 Southern Ocean ecosystems 
 Adaptation to environmental change 
 Impacts of human activities in Antarctica. 

 
 Priorities for supporting research in Antarctica 

All scientific research supported by the Division must conform to the Government's four 
goals for its Antarctic program, which are: 

 
 Maintain the Antarctic Treaty System and enhance Australia's influence within 

the System 
 Protect the Antarctic environment 
 Understand the role of Antarctica in the global climate system 
 Undertake scientific work of practical, economic, and national significance. 

 
 Priority for allocation of resources 

will be given to those topics that underpin the Australian Government's commitment to 
the Antarctic Treaty System, its policy objectives for its Antarctic program, and its more 
general policies on science and the environment. Australia's Antarctic science program 
includes scientific research conducted by: 

 
 The Antarctic Climate and Ecosystems Cooperative Research Centre 
 A significant number of Australian university scientists 
 Scientific staff employed by the Australian Antarctic Division 
 A small number of scientists based at overseas universities and institutions. 

 
As of this writing (2021), this set of strategies is a decade in the past, but in some sense, they are even 

more relevant, in view of the continued deterioration of the environment and increasing need to act. 

  

http://www.antarctica.gov.au/antarctic-law-and-treaty
http://www.antarctica.gov.au/antarctic-law-and-treaty
http://www.antarctica.gov.au/science/australian-antarctic-science-strategy-200405-201011/ice-ocean-atmosphere-and-climate
http://www.antarctica.gov.au/science/australian-antarctic-science-strategy-200405-201011/southern-ocean-ecosystems
http://www.antarctica.gov.au/science/australian-antarctic-science-strategy-200405-201011/adaptation-to-environmental-change
http://www.antarctica.gov.au/science/australian-antarctic-science-strategy-200405-201011/impact-of-human-activities-in-antarctica
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Heard Island UNESCO World Heritage Site 

 
The United Nations Educational Scientific and Cultural Organization (UNESCO) maintains and develops a 

list of World Heritage sites, defined according to a list of criteria. Heard and McDonald Islands (HIMI) was 

added to the list in 1997, according to the following criteria: 

 
(viii) An outstanding example representing major stages of earth’s history, including the 

record of life, significant ongoing geological processes in the development of landforms, or 
significant geomorphic or physiographic features. 

(ix) An outstanding example representing significant on-going ecological and biological 
processes in the evolution and development of terrestrial, freshwater, coastal, and marine 
ecosystems and communities of plants and animals. 

 
The UNESCO website (World Heritage https://whc.unesco.org/en/list/) also contains the following 

statements about the importance of scientific study of Heard Island: 

 
The distinctive conservation value of Heard and McDonald – one of the world’s rare 

pristine island ecosystems – lies in the complete absence of alien plants and animals, as well 
as human impact. 

It is the only subantarctic island 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, coastal, 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, as well as monitoring the 
health and stability of the larger Southern Ocean’s 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 of plants and animals. 

As the only volcanically active subantarctic islands, they ‘open a window into the earth’, 
thus providing the opportunity to observe ongoing geomorphic processes and glacial 
dynamics. 

Heard Island’s relatively shallow and fast-flowing glaciers respond quickly to climate 
change, faster than any glaciers elsewhere, making them particularly important in 
monitoring climate change. They have fluctuated dramatically in recent decades and have 
retreated significantly. 

The driving westerly winds above 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 precipitation. 

 
  

https://whc.unesco.org/en/list/
file:///L:/PICs_Chapter_35_Resources/image1361.jpeg
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Antarctic Climate and Ecosystems Cooperative Research Center 
(ACE/CRC) 

 
The Antarctic Climate and Ecosystems (ACE/CRC) was Australia’s primary vehicle for understanding the 

role of the Antarctic region in the global climate system, and the implications for marine ecosystems. The 

core partners were the Australian Antarctic Division, CSIRO, University of Tasmania, Bureau of 

Meteorology, Commonwealth Government’s Department of the Environment and Energy, Alfred Wegener 

Institute for Polar and Marine Research (Germany), and National Institute of Water and Atmospheric 

Research (New Zealand). The ACE/CRC had seven highly integrated research projects aimed at 

understanding how the physical environment of Antarctica and the Southern Ocean is changing, why those 

changes are occurring, and what the impacts are for marine ecosystems. The projects were: 

 
 Project R1.1 – The Southern Ocean in a Changing Climate 

This project completed the assessment of changes in temperature and salinity in the 
Southern Ocean, and major drivers have been identified for the changes. 

 Project R1.2 – Ocean forced evolution of the Antarctic Ice Sheet 
This project examined the sensitivity of the Antarctic ice sheet and ice shelves to 
changes in the ocean heat flux, and hence the potential contribution to sea-level rise. 

 Project R1.3 – Sea Ice Processes and Change 
This project has delivered a significant lift in understanding of the processes of sea-ice 
growth and retreat and potential impact on climate, biogeochemical cycling, and marine 
ecosystems. 

 Project R1.4 – Antarctic Climate Variability of the past 2,000 years 
This project used ice core records to reconstruct climate changes in the Antarctic region 
over recent millennia in order to characterize natural variability and extend the 
instrumental records of recent change. 

 Project R2.1 – Carbon Uptake and Chemical Change 
This project examined whether the Southern Ocean will continue to moderate climate 
change via the uptake of atmospheric CO2, quantified regional and seasonal variations 
in the extent of ocean acidification, and examined iron supply as a limiting nutrient 
underpinning Southern Ocean productivity. 

 Project R2.2 – Biological Responses to Environment Change 
This project investigated how key Southern Ocean biota respond to multiple physical 
and chemical changes, such as warming, acidification, and changes in sea ice. 

 Project R2.3 – Status and Trends in Habitats, Key Species, and Ecosystems 
This project assessed the current status and trends of physical habitat, individual 
species, and Southern Ocean ecosystems as a whole, and the likelihood of future states. 

 
Data sets for all ACE CRC research are publicly available through repositories such as the Australian 

Antarctic Data Centre (AADC), Institute for Marine and Antarctic Studies (IMAS), Tasmanian Partnership 

for Advanced Computing (TPAC), and the Integrated Marine Observing System (IMOS). 
– – Source: http://acecrc.org.au/ (slightly edited). 

  

http://acecrc.org.au/
file:///L:/PICs_Chapter_35_Resources/image1362.jpeg
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Management resources 
 

Codes of Conduct (CoC) 

 
A CoC is a set of guidelines for persons entering the HIMI and for performing certain activities, such as 

establishing campsites, moving on foot, collecting samples, interacting with wildlife, disposing of waste, etc. 

Various CoC’s are available from the AAD website, including the AADC. Here we present excerpts from 

some of these, to give an idea of their spirit and specificity. However, they are updated now and then, so it is 

incumbent on visitors to be aware of, and in agreement with, the latest versions.  Interestingly, the AAD 

advocates to “be tolerant of other people’s peculiarities,” advises against “the excessive consumption of 

alcohol,” and warns against “being provoked into violent speech or actions.” Whether these admonitions are 

necessary or not, they are, we agree, good practice! 

 
AAD Environmental Code of Conduct 

 
A CoC emphasizing environmental matters within the HIMI is published separately by the AAD. We 

provide excerpts from that document here [slightly edited]. 

 
Introduction 

Heard Island is special. It has isolated and distinctive ecosystems. It is one of the 
remaining truly wild areas in the world, and a place where humans are respectful and 
privileged visitors. The isolation and harsh climatic conditions of Heard Island mean that the 
organisms and communities present are living on the edge. Even seemingly minor pressures 
associated with human activities can lead to major and long-lasting environmental impacts, 
particularly with regard to the potential introduction of alien species and their effects on the 
ecosystem. 

Heard Island can, however, be visited without damaging those things that make it 
special. Your actions can contribute significantly to its protection. This Environmental Code of 
Conduct provides general guidelines to help prevent or minimize impacts during your visit. 
This document cannot be expected to cover every situation. You should act on the advice 
and instructions of group leaders, and always seek to minimize your impact on the Heard 
Island environment in all aspects of your visit. 

Before you get there 
Get to know the island and its environment. Learn about the values and locations of 

areas that have been afforded special protection and observe all restrictions. … 
Think of the vessel transporting you to Heard Island as a part of the island itself. In terms 

of quarantine, don’t take aboard any living organisms or items that might harbor 
organisms that could impact the fragile ecosystems. Remove unnecessary packaging 
before you get on the ship, and again before going ashore (e.g. film boxes, bubble 
wrap, plastic bags). 

Ensure everything to be taken ashore is meticulously cleaned (e.g. scrub boots, pick 
Velcro, vacuum pockets, clean camera tripods, bags, tents, scientific equipment). 
Where possible take new clothing and equipment. Extend your scrutiny to gear that 
is not your own. 

Throw nothing overboard (e.g. food scraps, plastics, cigarette butts). 

When you’re there 
Document your visit. … where possible, use GPS … 
Report all unusual occurrences and environmental incidents to your leaders (e.g. 

presence of rodents, fuel or chemical spills, entanglement of wildlife, volcanic 
activity). 
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Managing wastes and equipment 
The goal is to remove all human wastes (including feces, urine, and washing water) from 

the island. In particular, day trips must endeavor to return all wastes to the ship, or 
alternatively, discharge into the ocean below the high-water mark in an area of 
rapid marine dispersal. If this is not practical, human waste must be buried at sites 
away from vegetation, water bodies, and wildlife.  

Do not swim or wash yourself or your equipment in freshwater streams or water bodies. 
Always secure equipment, stores, and wastes to prevent foraging by wildlife and 

scattering by high winds. Unsecured items can also be a safety hazard. 
Manage fuel and hazardous liquids to prevent leaks or spillage. Store such liquids in air-

tight containers and routinely inspect for damage or leaks. Avoid refueling or 
changing oil in windy conditions or in areas that might direct accidental spillage into 
sensitive areas (e.g. lakes, vegetation, wildlife colonies). Use funnels and a drip tray 
and have spill equipment available. 

Travel, wildlife, and vegetation  
Trampling of vegetated areas can result in long-term plant damage or death. Many 

vegetated areas are also extensively used as nesting sites by burrowing birds. Think 
about your choice of route and select a path to minimize your impact (e.g. avoid 
wildlife colonies, burrows, unstable ground, soft vegetation).  

Breeding will fail if animals are disturbed. Changes in wildlife behavior (e.g. changes in 
posture or vocalization) indicate disturbance - back off immediately. 

Be quiet when around wildlife, move slowly, stay low to the ground and adopt the 
recommended minimum approach. 

Remain together as a group when viewing wildlife. Do not surround individual seabirds 
or seals or a colony. 

Most ice-free areas on the island are used for nesting by burrowing birds. Burrows 
extend beyond the entrance hole by about one meter in any direction and will 
collapse if tread upon. 

When you leave 
Leave no signs of your visit. 
Remove everything you take onto Heard Island, particularly rubbish, which endangers 

wildlife and spoils the natural appearance of the island. 
Take nothing with you but photos and memories. 

 
SCAR Code of Conduct 

 
The Scientific Committee on Antarctic Research (SCAR) publishes a separate, although similar, CoC for 

scientific research. The document includes some 200 specific provisions, instructions, and dictums. Although 

the overall motivation and final document refer to research in the Antarctic in general, much of it applies to 

Heard Island. Here we present some selected provisions (a small fraction of those in the SCAR CoC). 

 
General Guidelines 

In the process of conducting research within these habitats, Antarctic scientists can 
inadvertently entrain propagules and/or soil on clothing, equipment, and equipment cases. 
If these items are then taken to the Antarctic and they have not been cleaned/sterilized to 
remove or kill the propagules, an opportunity to transfer such material to and around 
Antarctica is created. … The implications of human transfer of taxa between locations can 
range from the modification of the genetic structure of populations to changes in local 
biodiversity and subsequent effects on community dynamics. … 
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Before going into the field 
Choose sites as close as possible to research stations and use existing pathways. 
Limit the number of visitors to field sites to the people required to carry out the 

fieldwork. 
Where possible avoid areas that are especially vulnerable to disturbance such as 

vegetated areas, breeding sites, and water bodies. 
Re-use existing sites wherever possible. 
Everything taken into the field must be cleaned before being taken into the field and 

returned to the main station for proper cleaning, where it is feasible. 
Note that several products used for packaging are prohibited in Antarctica, such as 

polystyrene beads or chips. 

Once in the field 
Minimize the disturbance to wildlife by following the ATCM guidelines for operations of 

aircraft near concentrations of birds.  
Restore any disturbances caused by activities, as long as such restoration does not cause 

any further environmental impacts. 
Algae and invertebrates live beneath stones. Moving rocks and stones should therefore 

be minimized to the extent required for the work being undertaken. 

Management of scientific field sites 
Avoid activities that could result in the dispersal of foreign materials into the 

environment. … 
Wherever possible, all precautionary measures should be taken to ensure the collection 

and removal of human waste and greywater.  
Use drip trays where possible when handling fuels or other liquids and take special care 

when handling fuel in high winds. 
Make sure installations can be retrieved and removed when no longer required, unless 

it is impractical, or would result in a higher environmental impact, or have been 
identified as useful for long-term monitoring and/or research. 

Field camps 
Camping and scientific equipment should be cleaned before being brought into the 

Antarctic or before being transferred between sites. 
Locating camps as far as feasible from lake margins, stream beds, and associated fans, 

and vegetated areas, to avoid damage or contamination. 
Using solar and wind power as much as possible to minimize fuel usage. 

Lakes and streams 
Measures should be put in place to minimize, as far as possible, the release of human 

waste into the environment. 
Avoid walking in streams and lake beds or too close to their margins as this may disturb 

biota and affect bank stability and water flow patterns.  
Ensure that all sampling equipment is tethered or otherwise secured and does not 

contaminate the water body. 
Clean all sampling equipment before using it in another water body to avoid cross-

contamination.  
Do not swim or dive in lakes, unless it is required for scientific purposes. 
Remove all unwanted water and sediment materials from the site, even on permanently 

ice-covered lakes. 
Ensure that nothing is left frozen into the lake ice that may ablate out. 
Do not disturb or remove rocks, minerals, fossils, meteorites, or ventifacts unless it is 

necessary for the permitted research.  
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Wild approach distances in the HIMI 
 

As an example of the increasingly detailed management of the Antarctic and subantarctic by the AAD, 

Table 35.1 lists minimum closest allowable distances (without permit).  

 
Table 35.1 Minimum closest allowable distance (without permit) Birds 

Birds Time of year Dist [m] 

King Penguin 
Breeding 30 

Non-breeding & molting 10 

Gentoo Penguin 
Breeding 50 

Non-breeding & molting 5 

Macaroni Penguin 
Breeding 20 

Non-breeding & molting 5 

Rockhopper Penguin [Vulnerable] 
Breeding 20 

Non-breeding & molting 5 

Wandering Albatross [Vulnerable] Breeding & non-breeding 100 

Black-browed Albatross Breeding & non-breeding 50 

Light-mantled Sooty Albatross 
Southern Giant Petrel [Vulnerable] 

Breeding & non-breeding 50 

Breeding 100 

Non-breeding 25 

Cape Petrel Breeding 15 

Wilson's Storm Petrel Breeding 10 

Common Diving Petrel Breeding 10 

South Georgia Diving Petrel Breeding 10 

Antarctic Prion Breeding 10 

Fulmar Prion Breeding 10 

Subantarctic Skua Breeding 40 

Kelp Gull Breeding 40 

Antarctic Tern Breeding 100 

Heard Island Sheathbill Breeding 25 

Heard Island Cormorant (Shag) [Vulnerable] 
Breeding 100 

Non-breeding 50 

Any other species of seabird not listed above 
Breeding 50 

Non-breeding 10 

 
 

Table 35.2 Minimum closest allowable distance (without permit) Seals 
Seals Time of year Dist [m] 

Breeding seals and pups (incl. weaners): 

All times 

 
Weddell 10 

Elephant 10 

Fur 15 

Adult seals (non-breeding) 

All times 

 
Weddell 5 

Elephant 5 

Fur 10 

 

Environmental organizations 

 
The Appendix lists many organizations involved with environmental issues.  

 
  



 

Chapter 35 RESOURCES ⃝ Page 808 

Bibliography 
 

References 
Additional protective measures for Heard Island and the McDonald Islands. In: Dingwall, P. (Ed.), 

Conserving the Natural Heritage of the Antarctic Realm. IUCN, Gland. Pp. 86-105. 

Allison, I.F. and Keage, P.L., 1986. Recent changes in the glaciers of Heard Island. Polar Record 
23:255–271.   

ANDS. https://www.ands.org.au/partners-and-communities/partners#Research_institutions-1. 
https://www.ands.org.au/. 

Antarctic Climate & Ecosystems Cooperative Research Centre. http://Acecrc.Org.Au/. 

Australian Antarctic Programme (AAP). https://www.antarctica.gov.au/. 

Australian National Data Service (ANDS). https://www.ands.org.au/. 

Budd, G.M., (1972). Breeding of the fur seal at McDonald Islands, and further population growth at 
Heard Island. Mammalia 36:423-7. 

Clarke, I., McDougall, I. and Whitford, D., 1983. Volcanic evolution of Heard and McDonald 

Islands, Southern Indian Ocean. In Oliver, R., James, P. & Jago, J. (Eds), Antarctic Earth 

Science. Proc. Fourth Int. Symp. Ant. Earth Sci., Univ. of Adelaide, S. Australia, 1982. Aust. 

Acad. of Sci., Canberra. pp. 631-635. 

Clarke, M. and Dingwall, P., 1985. Conservation of Islands in the Southern Ocean: A Review of the 

Protected Areas of Insulantarctica. IUCN, Gland, Switzerland. 

Commonwealth of Australia, 1996. Heard Island and McDonald Islands Nomination by the 
Government of Australia for Inscription on the World Heritage List. 79 pages + Annexes. 

Environment Protection and Biodiversity Conservation Act 1999. 
https://www.environment.gov.au/epbc. 

Green, K., 1990. Heard Island. ANARE Report. Antarctic Division, Hobart, Tasmania. 

Heard Island and McDonald Islands Marine Reserve Management Plan 2005. AAD, Kingston, 

Tasmania. https://www.legislation.gov.au/Details/F2005L02346. 

http://heardisland.antarctica.gov.au/__data/assets/pdf_file/0019/148150/HIMI_Management_Plan

_2014_2024_upload.pdf. 

Heard Island McDonald Islands Management Plan. 2014-2024. AAD, Kingston, Tasmania. 

http://heardisland.antarctica.gov.au/__data/assets/pdf_file/0019/148150/HIMI_Management_Plan
_2014_2024_upload.pdf. https://www.legislation.gov.au/Details/F2014L01346/html/Volume_2. 

Hilton-Taylor, C., 2008. IUCN Red List of Threatened Species. IUCN, Cambridge, U.K. 

Horne, R., 1983. The Distribution of Penguin Breeding Colonies on the Australian Antarctic 
Territory, Heard Island, the McDonald Islands and Macquarie Island. ANARE Research Notes 9. 

Hughes, J., 1987. The distribution and composition of vascular plant communities on Heard Island. 

Polar Biology 7(3):153-162. 

Keage, P., 1981. The Conservation Status of Heard Island and the McDonald Islands. Environmental 
Studies Occasional Paper 13, University of Tasmania. 100 pp. 

Keage, P., Burton, H., and Stanhope, J., 1986. Environmental Protection and Management of Heard 

Island and the McDonald Islands. Presented at SCAR/IUCN workshop, September 1986. 

Department of Science, Kingston, Tasmania. 

Kirkwood, R., Woehler, E.J., Burton, H., 1989. Heard Island 1987/1988. ANARE Report. Antarctic 
Division, Hobart, Tasmania. 

  

https://www.ands.org.au/partners-and-communities/partners#Research_institutions-1https://www.ands.org.au/partners-and-communities/partners%23Research_institutions-1
https://www.ands.org.au/
http://acecrc.org.au/
https://www.antarctica.gov.au/
https://www.ands.org.au/
https://www.environment.gov.au/epbc
https://www.legislation.gov.au/Details/F2005L02346.%20https:/www.legislation.gov.au/Details/F2005L02346
https://www.legislation.gov.au/Details/F2005L02346.%20https:/www.legislation.gov.au/Details/F2005L02346
http://heardisland.antarctica.gov.au/__data/assets/pdf_file/0019/148150/HIMI_Management_Plan_2014_2024_upload.pdf
http://heardisland.antarctica.gov.au/__data/assets/pdf_file/0019/148150/HIMI_Management_Plan_2014_2024_upload.pdf


 

Chapter 35 RESOURCES ⃝ Page 809 

 
Kriwoken, L., Ellis, C., and Holmes, N., 2006. Macquarie Island, Australia in Baldacchino, G. (Ed.) 

Extreme Tourism: Lessons from the World’s cold water Islands. Oxford, Elsevier, pp. 193-203. 

Law, P. and Burstall, T., 1953. Heard Island. ANARE Publications 12. Antarctic Division, Hobart, 

Tasmania. 32 pp. 

McIvor, E., 2007. Heard Island and McDonald Islands. Pap. Proc. Roy. Soc. of Tasmania. 141(1):7-

10. 

Potter, S., 2007. The Quarantine Protection of Subantarctic Australia: Two Islands, Two Regimes. 
School of Geography and Environmental Studies, University of Tasmania, Australia. 

SCAR Codes of Conduct and Other Recommendations for Antarctic Field Work. 
https://www.scar.org/policy/scar-codes-of-conduct/. 

SCAR. Code of Conduct. https://www.scar.org/library/policy/codes-of-conduct/3407-code-of-

conduct-terrestrial-scientific-field-research-in-antarctica/. 

SCAR. Scientific Committee on Antarctic Research. https://www.scar.org/. 

Scott, J., 1987. Distribution and dynamics of vegetation in reaction to natural disturbance factors:  

Heard and McDonald Islands. 1986-87 Australian Antarctic Research Program. Initial field 
reports. Antarctic Division, Hobart, Tasmania. pp. 70-72. 

Seppelt, R. and Hughes, J., 1987. Contrasts in vegetation patterns: Heard Island and Macquarie 

Island. CNFRA 58:171-175. 

Shaughnessy, P. & Shaughnessy, G., 1987. Birds of Heard Island: a review of recent literature. 
Cormorant 14(12):57-59. 

Shaughnessy, P., Shaughnessy, G., and Keage, P., 1988. Fur Seals at Heard Island: Recovery from 

past exploitation? Marine Mammals of Australasia - Field Biology and Captive Management. 

Royal Zoological Society of New South Wales Sydney. pp. 71-77. 

Slip, D. and Burton, H., 1991. Accumulation of fishing debris, plastic litter, and other artifacts on 
Heard and Macquarie Islands in the Southern Ocean. Environmental Conservation 18(3):249-254. 

Smith, J. and Simpson, R., 1985. Biotic zonation on rocky shores of Heard Island. Pacific Insects 
Monograph 23:291-292. 

Temple, P., 1966. The Sea and the Snow. Cassell Australia Ltd. 2
nd

 Ed. Lodestar Books, London, 

2016. 

Terauds, A. and Lee, J.R., 2016. Antarctic biogeography revisited: updating the Antarctic 
Conservation Biogeographic Regions. Diversity and Distributions 22:836-840. 

Terauds, A., Chown, S.L., Morgan, F., Peat, H.J., Watts, D.J., Keys, H., Convey, P., and Bergstrom, 
D.M., 2012. Conservation biogeography of the Antarctic. Diversity and Distributions 18:726-741. 

United Nations Educational Scientific and Cultural Organization (UNESCO) Source: World Heritage 

https://whc.unesco.org/en/list/. https://whc.unesco.org/en/about/. 

Veenstra, C. and Manning, J., 1980. Expedition to the Australian Territory of Heard and McDonald 
Islands. Technical Report 31. Division of National Mapping. 

Williams, G.D., 1998. The response of Heard Island glaciers to climate change. Unpublished honors 

thesis, Institute for Antarctic and Southern Ocean Studies, University of Tasmania, Hobart. 113 

pp. 

Williams, R., 1983. The inshore fishes of Heard and McDonald Islands, Southern Indian Ocean. 
Journal of Fish Biology 23:283-292. 

Woehler, E.J., 1991. Status and conservation of the seabirds of Heard Island and the McDonald 

Islands. In: Croxall, J. (Ed.), Seabird Status and Conservation: A Supplement. ICBP Technical 

Publication No. 11. International Council for Bird Preservation, Cambridge, UK. 

  

https://www.scar.org/policy/scar-codes-of-conduct/
https://www.scar.org/library/policy/codes-of-conduct/3407-code-of-conduct-terrestrial-scientific-field-research-in-antarctica/
https://www.scar.org/library/policy/codes-of-conduct/3407-code-of-conduct-terrestrial-scientific-field-research-in-antarctica/
https://www.scar.org/
https://whc.unesco.org/en/list/
https://whc.unesco.org/en/about/


 

Chapter 35 RESOURCES ⃝ Page 810 

AAD 
Australian Antarctic Division (AAD), 2006. Heard Island and McDonald Islands. Kingston, 

Tasmania. 

AAD Code of Conduct. https://www.antarctica.gov.au/science/australian-antarctic-science-strategic-

plan/information-for-scientists/research-guidelines/code-of-conduct-in-research/ 

AAD Environmental Code of Conduct. https://www.antarctica.gov.au/about-
antarctica/environment/environment-policy-and-management/code-of-conduct/code-of-conduct/ 

 

AAD 1985 

Heard Island and McDonald Islands, 1985. 1:50,000 Map. Produced by the Division of National 

AAD Mapping, Department of Resources and Energy. Commonwealth Government Printer, 
Canberra. 

 

AAD 1995 

Heard Island and McDonald Islands Wilderness Reserve Management Plan. 1995. Department of 

Tourism, Arts & Environment, Kingston, Tasmania. 

 

AAD 2005 

Heard Island and McDonald Islands Marine Reserve Management Plan 2005. AAD, Kingston, 

Tasmania. 

Heard Island McDonald Islands Management Plan. 2005. 
https://www.legislation.gov.au/Details/F2005L02346. 

Heard Island Wilderness Reserve Management Plan 2005. 
https://www.legislation.gov.au/Details/F2005L02346. 

 

AAD 2014-2024 

Heard Island and McDonald Islands Marine Reserve Management Plan 2014-2024. 
https://www.legislation.gov.au/Details/F2014L01346/html/Volume_2. 

 
 

https://www.antarctica.gov.au/science/australian-antarctic-science-strategic-plan/information-for-scientists/research-guidelines/code-of-conduct-in-research/
https://www.antarctica.gov.au/science/australian-antarctic-science-strategic-plan/information-for-scientists/research-guidelines/code-of-conduct-in-research/
https://www.antarctica.gov.au/about-antarctica/environment/environment-policy-and-management/code-of-conduct/code-of-conduct/
https://www.antarctica.gov.au/about-antarctica/environment/environment-policy-and-management/code-of-conduct/code-of-conduct/
https://www.legislation.gov.au/Details/F2005L02346
https://www.legislation.gov.au/Details/F2005L02346
https://www.legislation.gov.au/Details/F2014L01346/html/Volume_2


 

Chapter 36 THE FUTURE ⃝ Page 811 

 

Chapter 36 The Future of Heard Island 
 

Overview 
 

This final chapter looks at the Future of Heard Island, in the context of all the subantarctic islands and in 

the world at large. There is, of course, extensive literature on predictions of the future, and since this is not a 

review per se, we will not attempt to be comprehensive. Rather, we will cite a few examples of issues that are 

interesting and exemplary of the panoply of interactions that push the climate, geology, hydrology, 

ecosystem, and history inexorably forward in time.  

 

The future of Heard Island as viewed in 1981 

 
Some thirty years ago, in a powerful master’s thesis for the University of Tasmania, Peter L. Keage looked 

to the future [Keage, 1981]: 

 
…The Islands are beginning to figure more prominently in world affairs. Concern for the 

conservation of the Antarctic marine ecosystem and subantarctic island biotas has found 
expression in several international movements. This concern has grown as a result of the 
intent and activities by some nations to exploit the living and non-living resources of the 
Southern Ocean and it seems that the time is right for an expansion of international interest 
in this part of the globe … 

 
There are essentially three alternative approaches to strengthen nature conservation 

legislation for the Heard and McDonald Islands. In order of discussion [in this Thesis] these 
are: 

1. Draft a new nature conservation ordinance specific to the Islands. 
2. Proclaim the islands a national park in accordance with the Australian National 

Parks and Wildlife Conservation Act 1975. 
3. Bring the islands under the Antarctic Treaty Act 1980. 

 
Keage elaborated on each of these approaches in considerable detail. However, none of these has come to 

pass. On the positive side, the AAD periodically updates the HIMI Management Plan, which has become a 

reference for not only potential legislation but also personal guidance and regulatory rules for protecting the 

Islands. This procedure, while not changing the legal position of Heard Island, has served to protect it. Indeed, 

it is probably a spectacular success that despite perhaps 10 person-years of occupancy by perhaps 25 groups 

of people since the end of the ANARE period (1955), there is only one (possibly) identified human-

introduced species on Heard Island. This seems analogous to many other cultural factors (e.g., automobile 

accidents, crimes, epidemics, etc.) that are kept to a sufficiently low level that society can function as if they 

don’t exist (with some exceptions, of course). But even if Keage’s three approaches might have proven 

unnecessary over the past 30 years, it does not ensure that something similar will be unnecessary in the near 

and distant future.  
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Three important books 

 
In considering the future of Heard Island, three books are particularly relevant to the future of biodiversity, 

including the Antarctic and subantarctic. All three of these books have valuable facts and lessons for the 

future of biodiversity, geoscience, and ecosystem management relevant to Heard Island.  

 

 

 
FIG. 36.1 Three important references for the future: Antarctic Futures.Trends in Antarctic Terrestrial and 

Limnetic Ecosystems. Half-Earth 

 

These three books should be consulted together. The first describes Heard Island as it was around 2000. 

The second has the purpose of identifying causes of change in the larger ecosystem of Antarctica and the 

subantarctic. The third is devoted entirely to the future of the entire Earth. To understand “Change” and 

“Future” for Heard Island, we will have to come to grips with basic facts, the principles, systems, dynamics, 

and management effects of the larger systems, up to the entire surface area of below the Antarctic 

Convergence, about 100 million km
2
. The farther one looks at the Future, the more one is aware of the 

seriousness of humanity being wise and prepared. Survival of the human race, and the world ecosystem, is not 

for amateurs or small thinkers! 

 
Antarctic Futures 

 
The articles in this book are very general, appealing to universal common values in science, and defending 

all creatures big and small: 

 
The scope of human engagement with the Antarctic environment includes human 

activities; it includes governance scenarios; it includes non-human species and the 
environment where human activities take place; and the impact that human activities have 
on them; but perhaps above all, it includes the clause we embrace as humans, How we 
choose to value the ice, the rock, the springtail, the silence, the wilderness and the ‘goal’ of a 
pristine place for science, for economic reasons, for idealistic aspiration or for future 
generations, influences what we do. 

 
  

file:///L:/PICs_Chapter_36_The_Future/FIG. 36.1 Three future books.jpg
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Trends in Antarctic Terrestrial and Limnetic Ecosystems 
 

This book includes the following chapters: 

 
1. Trends in Antarctic Terrestrial and Limnetic Ecosystems: Antarctica as a Global 

Indicator7 
2. The Physical Setting of the Antarctic 
3. Colonization processes 
4. Biogeography 
5. Biogeographic Trends in Antarctic Lake Communities 
6. Life History Traits 
7. Physiological Traits of Organisms in a Changing Environment 
8. Plant Biodiversity in an Extreme Environment: Genetic Studies of Origins, 

Diversity, and Evolution in the Antarctic 
9. The Molecular Ecology of Antarctic Terrestrial and Limnetic Invertebrates and 

Microbes 
10. Biological Invasions 
11. Landscape Control of High Latitude Lakes in a Changing Climate 
12. Antarctic Climate Change and its Influences on Terrestrial Ecosystems 
13. Antarctic Lake Systems and Climate Change 
14. Subantarctic Terrestrial Conservation and Management 
15. Antarctic Terrestrial and Limnetic Ecosystem Conservation and Management 
16. The Antarctic: Local Signals, Global Messages 

 
The various chapters provide wide-ranging views of change in the polar region. The subantarctic islands, 

including Heard Island, are included explicitly in some of the articles, and implicitly in all of them. A 

particularly valuable aspect is the extensive bibliographies appended to each article, typically listing between 

50 and 150 citations.  

 
Half-Earth: Our Planet’s Fight for Life 

 
This recent book by E. O. Wilson describes the Half-Earth Project, a call to protect half the land and sea in 

order to manage enough habitat to safeguard th7e bulk of biodiversity. His thesis (and challenge) is: 80% of 

the Earth’s diversity can be saved by protecting 50% of the planet. Indeed, a draft agreement under the U.N. 

Convention on Biological Diversity, the goal is for 50% of the area of land and sea to be protected by 2050. 

This is the “50/50 Plan”. The following material is taken from the Half-Earth website (https://www.half-

earthproject.org/): 

 
Why one-half? The crucial factor in the life and death of species is the amount of 

suitable habitat left to them. As reserves grow, the diversity of life surviving within them also 
grows. As reserves are reduced in area, the diversity within them declines swiftly – often 
immediately and, for a large fraction, forever. 

When 90% of habitat is removed, the number of species that can persist sustainably will 
descend to about a half. Such is the actual condition of many of the most-species-rich 
localities around the world. In these places, if 10% of the remaining natural habitat were 
then also removed, most or all of the surviving resident species would disappear.  

If, on the other hand, we protect half the global surface, the fraction of species 
protected will be 85%, or more. At one-half and above, life on Earth enters the safe zone. 

 
 

  

https://www.half-earthproject.org/
https://www.half-earthproject.org/
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The state and future of Antarctic environments in a global context  

 
In a 2019 article in the Annual Review of Environment and Resources, Chown and Brooks present a 

stunning description of the future of the Antarctic region, including the subantarctic islands. Here we present 

extracts from their paper (edited slightly). In the Abstract, the authors state: 

 
Antarctica and the Southern Ocean … environments are better understood than ever 

before, yet the region remains poorly considered among international agreements. Here we 
review the growth in knowledge of Antarctic environments and anthropogenic pressures on 
them. We show that the region's unusual diversity is facing substantial local and globally 
mediated anthropogenic pressure, on a par with environments globally. Antarctic 
environmental management and regulation are being challenged to keep pace with the 
change. 

 
The authors discuss “knowledge shortfalls”: 

 
A first-order estimate of diversity for the continent's terrestrial and aquatic systems has 

never been made. New techniques, such as automated observing platforms, satellite remote 
sensing, and citizen science, are rapidly helping to overcome survey barriers and have been 
especially effective for estimating the abundance and spatial location of birds and mammals. 
Nonetheless, some biodiversity knowledge shortfalls, such as in taxonomic expertise, are 
growing, rather than diminishing. … As is the case elsewhere in the world, the rate of 
knowledge accumulation appears to be slower than the growth rate of pressures on the 
Antarctic system. 

 
The authors look deep into the future: 

 
Prognoses for change over the next several decades until [the year] 2100 and beyond 

are developing rapidly, although many uncertainties about interactions between the 
atmosphere, oceans, and cryosphere remain. Nonetheless, large physical changes to the 
Antarctic cryosphere, oceans, and terrestrial environment are to be expected, with local and 
global consequences. The extent of these changes will depend on global decisions about 
anthropogenic greenhouse gas emissions reductions, which at best have a 13–32-year 
window remaining for implementation to avoid substantial climate change. … One recent 
estimate has suggested that by 2030, Earth's climate will already resemble that of the mid-
Pliocene [i.e., 3 million years ago (Ma)] and stabilize under a scenario not seen since the 
Eocene [∼40 Ma]. Under such conditions, by 2500 the West Antarctic ice sheet will 
disappear, as will parts of the East Antarctic ice sheet, with sea-level rise in excess of 1 m by 
2100 and 13 m by 2500, though some studies suggest that the timing may be earlier. 

 
Included in the article is an extraordinary illustration by Elizabeth Botte highlighting anticipated changes 

in the subantarctic, the Southern Ocean, and Antarctic. The caption on the figure states that “The changes 

indicated do not include broader regional-global interactions such as those to do with changing winds, 

temperatures, and precipitation. They capture processes such as range shifts, increasing likelihood of 

biological invasions, further pressure from fishing, and expected alterations in the abundance of various 

species, such as expected declines in the numbers of Emperor Penguins.”  
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FIG. 36.2 is a sketch made by the author directly from Elizabeth Botte’s  superb illustration, but with 

some simplifications, principally much less detail. Her original illustration should be viewed to appreciate its 

visual realism and detail. 

 

 
FIG. 36.2 Schematic of the changes facing the subantarctic, Southern Ocean, and Antarctic environments.  

 
Chown and Brooks also discuss aspects of the future of the Southern Ocean: 

 
Warming, freshening, and acidification of the Southern Ocean are expected to continue. 

Sea-ice extent is also expected to decline, while ice shelf thinning and collapse will occur. 
Mass loss from the West and East Antarctic Ice Sheets will accelerate, contributing to rising 
sea levels. … Most Southern Ocean benthic and pelagic ectotherm species have little 
capacity to survive elevated temperatures. … In the case of seabirds, rearrangement of 
ranges and extinctions for species such as the Emperor Penguin [are likely]. Reductions in 
sea ice, and hence habitat that seals and whales depend on, are predicted to cause declines 
in multiple mammal species. … Pressure on Antarctic fisheries is already increasing. 

 
The authors also discuss the subantarctic islands specifically: 

 
Many of [these islands] are showing signs of substantial warming, with [significant] 

glacial retreat on islands such as South Georgia in the Atlantic and Heard Island in the Indian 
Ocean. On others, such as Marion and Kerguelen Islands in the Indian Ocean, the warming 
has been accompanied by substantial declines (as much as 50%) in total annual precipitation 
or substantial changes in water availability. These changing abiotic environmental 
circumstances have had three major classes of impact on the biotas of the islands: (1) 
Indigenous species have moved upward in elevation or have shown some form of threshold-
level effect with declines in populations; (2) Changes seem to be benefitting invasive alien 
species over their indigenous counterparts; (3) Impacts of invasive alien species on 
indigenous species and ecosystems are being exacerbated by climate change. 

 
  

file:///L:/PICs_Chapter_36_The_Future/FIG. 36.2 IMG_0004.jpg
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They emphasize that “although these impacts are not being measured on all of the subantarctic islands, and 

abiotic changes are not taking place in the same ways across them, the expectation is that future change will 

play out in similar ways across [all the] the islands. Such change will depend on the invasive species present 

and the climatic circumstances of the island's location.” 

As a specific example of sensitivity to warming, the authors cite the brachiopod Liothyrella uva, which has 

the lowest known capability to survive warming of any invertebrate ever investigated. …  

 

The importance of islands to environmental conservation 

 
In a 2017 article, Kueffer and Kinney discuss four features that make islands places of special importance 

to environmental conservation: 

 
1. Islands form a global web that interlinks biogeographic regions and cultural 

species. 

2. Islands are paradigmatic places of human-environment relationships. 

3. Islands can serve as real-world laboratories that enable scientific innovation, 

integration of local and generalized knowledge, and social learning and 

empowerment of local actors. 

4. Island conservation is both urgent and cost-effective. 

 
These may seem somewhat abstract; the reason is that the authors are considering all islands, including 

those populated with people. Heard Island is so isolated that issues related to population are essentially about 

whether a permanent research station should be built there. Robb Clifton, an AAD scientist, says this: 

 
There really is not a need for a research station [on Heard Island] now. We needed it in 

the past to help us get to Antarctica. But in terms of having a small ecological footprint 
there, there isn't a requirement to build a station there. We have a subantarctic station on 
Macquarie Island, which means Heard is left to be a very wild and largely untouched place. 

 
If this opinion prevails, the threats to Heard Island’s environment by human occupation are defined away. 

But many threats persist from outside the island, with global warming of course being the biggest. As said 

before, invasive species being transported from other islands is an important threat. Almost the same threat is 

oceanic debris arriving at the island. Floating debris is a particularly efficient raft, allowing plants and animals 

to traverse thousands of miles of open ocean until they accidentally land on isolated land such as Heard 

Island. 

 

Scientific Committee on Antarctic Research 

 
One of the largest and most ambitious organizations concerned with research in the Antarctic region is the 

Scientific Committee on Antarctic Research (SCAR). From their website: 

 
SCAR is charged with initiating, developing and coordinating high-quality international 

scientific research in the Antarctic region (including the Southern Ocean), and on the role of 
the Antarctic region in the Earth system. SCAR provides objective and independent scientific 
advice to the Antarctic Treaty Consultative Meetings and other organizations such as the 
UNFCCC and IPCC on issues of science and conservation affecting the management of 
Antarctica and the Southern Ocean and on the role of the Antarctic region in the Earth 
system. 

– – SCAR https://www.scar.org/science/remotesensing/home/): 

 
Examples of SCAR activities include the following (among many others): 

  

https://www.scar.org/science/remotesensing/home/


 

Chapter 36 THE FUTURE ⃝ Page 817 

 [SCAR] Southern Ocean Observing System 
 

Collection and delivery of essential observations on the dynamics and change of 
Southern Ocean systems to all international stakeholders (researchers, governments, 
industries), through design, advocacy, and implementation of cost-effective observing and 
data delivery systems.  

– – SOOS https://www.soos.aq/ 

 
[SCAR] Integrated Science to Inform Antarctic and Southern Ocean Conservation  

 
Fundamental questions relating to the conservation and management of Antarctica and 

the Southern Ocean.  
– – Ant-Icon SRP  https://scar.org/science/ant-icon/about/ 

 
[SCAR] Antarctic Climate Change in the 21st Century 

 
Improved regional predictions of key elements of the Antarctic atmosphere, ocean, and 

cryosphere for the next 20 to 200 years and to understand the responses of the physical and 
biological systems to natural and anthropogenic forcing factors.  

– – Antclim21 https://www.scar.org/science/antclim21/home/ 

 
[SCAR] Antarctic Climate Model Projections to 2100 

 
21

st
 century change in surface air temperature by the end of the 21st century (2069-

2098) following a range of radiative forcing scenarios of known important climate drivers 
such as greenhouse gas increases and stratospheric ozone recovery.  

– – ACMP  https://www.scar.org/science/antclim21/data-surface-projections/ 

 
[SCAR] Horizon Scan 

 
The most important scientific questions that will– or should be– addressed by research in 

and from the southern polar regions over the next two decades. The Horizon Scan activity 
was concluded in 2014 and this web page is now an archive of information and associated 
documents.  

– – HS https://www.scar.org/science/horizon-scan/overview/ 
 

[SCAR] Remote Sensing of Birds and Animals 
 

The SCAR Remote Sensing Joint Life Sciences and Physical Sciences Action Group (RSAG) aims to 

develop a satellite-based, Antarctic-wide, remote sensing approach to monitor bird and animal populations. 

The Action Group intends to focus on future developments in several fields (slightly edited): 

 
Use of new satellite remote sensing platforms (e.g. WorldView and Landsat series of 

satellites) and methods to obtain geospatial information, such as automatic/semi-
automatic extraction of information from remote sensing images, new mapping techniques 
for ice sheet properties (roughness, thickness, and velocity), use of remotely sensed data 
for Antarctic glaciological and mass balance studies, and ice sheet flow and geodynamics. 

Remote sensing of the marine cryosphere (including sea ice and its snow cover) and its 
interactions with ocean and atmosphere, and the generation of digital elevation models 
(DEMs) of Antarctic regions. 

The use of Autonomous Underwater Vehicle (AUV) technology to investigate small-
scale characteristics and changes.  

  

https://www.soos.aq/
https://scar.org/science/ant-icon/about/
https://www.scar.org/science/antclim21/home/
https://www.scar.org/science/antclim21/data-surface-projections/
https://www.scar.org/science/horizon-scan/overview/
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Securing Antarctica’s Environmental Future (SAEF) 

 
This program aims to become the world’s leading research program delivering interdisciplinary science to 

forecast environmental change across the Antarctic region, to deploy effective environmental stewardship 

strategies in the face of this change, and to secure Antarctica as a natural reserve devoted to peace and 

science. The Program’s outcomes include: 

 
 Advances in climate, biodiversity and environmental science; 
 Innovative ways to forecast, mitigate, and manage environmental change; 
 New data-science tools to analyze, interpret and visualize Antarctic data; 
 Unparalleled capabilities for exploring decision-making to secure the region’s 

environmental future; 
 A new collaborative Antarctic science workforce with skills and experience in 

interdisciplinarity, and access to the new technologies that SAEF will deliver. 

 
SAEF brings together researchers from University of Wollongong, Monash University, Queensland 

University of Technology, University of New South Wales, James Cook University, University of Adelaide, 

Australian Nuclear Science and Technology Organization (ANSTO), Bureau of Meteorology (BOM), 

Geoscience Australia, Western Australian Museum, and the South Australian Museum (SAM).  

– –SAEF https://research.qut.edu.au/environment/projects/securing-antarticas-environmental-future/ 

 

Ongoing invasions by alien plants 

 
In February 2004, a specimen of the small flowering plant Leptinella plumosa, a member of the daisy 

family, was found on Heard Island. According to Wikipedia, “the plant occurs in the Auckland, Antipodes, 

Campbell, Macquarie, Kerguelen, Prince Edward, Heard, and Crozet Islands. It is common in coastal areas 

but rare inland. It has been recorded at altitudes of up to 150 m above sea level. 

Another plant species is the small flowering plant Cotula plumosa, also a member of the daisy family. 

According to Wikipedia, it is a circum-Antarctic species found on many subantarctic islands.  

Wikipedia provides this description of some of the threats: 

 
One of the most rapidly changing physical settings in the subantarctic has been 

produced on Heard Island by a combination of rapid glacial recession and climate warming. 
The consequent increase in habitat available for plant colonization, plus the coalescing of 
previously discrete ice-free areas, has led to marked changes in the vegetation of Heard 
Island in the last 20 years or so. 

Other species and vegetation communities found on subantarctic islands north of the 
Antarctic Convergence now absent from the Heard Island flora may colonize the island if 
climate change produces more favorable conditions. Some plant species are spreading and 
modifying the structure and composition of communities, some of which are also increasing 
in distribution. It is likely that further changes will occur, and possibly at an accelerated rate. 

Changes in population numbers of seal and seabird species are also expected to affect 
the vegetation by changing nutrient availability and disturbance through trampling. One 
plant species on Heard Island, Poa annua, a cosmopolitan grass native to Europe, was 
possibly introduced by humans, though is more likely to have arrived naturally, probably by 
skuas from the Kerguelen Islands where it is widespread. It was initially recorded in 1987 in 
two deglaciated areas of Heard Island not previously exposed to human visitors while being 
absent from known sites of past human habitation.  

  

https://research.qut.edu.au/environment/projects/securing-antarticas-environmental-future/
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Since 1987 Poa annua populations have increased in density and abundance within the 
original areas and have expanded beyond them. Expeditioner boot traffic during the 
Australian Antarctic program expedition in 1987 may be at least partly responsible for the 
spread, but it is probably mainly due to dispersal by wind and the movement of seabirds and 
seals around the island. 

The potential for introducing plant species (including invasive species not previously 
found on subantarctic islands) by both natural and human-induced means is high. This is due 
to the combination of low species diversity and climatic amelioration. 

 
These accounts underscore the fact that the diversity of plants, and presumably small invertebrates such as 

insects, including especially mites, is not static, and there is measurable exchange of these small propagules 

between the various subantarctic islands.  

 

Remoteness and biological invasions 
 

In a 2006 article, Lodge, et al., have addressed the issue of policy and management vis-à-vis biological 

invasions: 

 
Invasions by harmful nonnative species are increasing in number and area affected; the 

damages to ecosystems, economic activity, and human welfare are accumulating. Without 
improved strategies based on recent scientific advances and increased investments to 
counter invasions, harm from invasive species is likely to accelerate. Federal leadership, with 
the cooperation of state and local governments, is required to increase the effectiveness of 
prevention of invasions, detect and respond quickly to new potentially harmful invasions, 
control and slow the spread of existing invasions, and provide a national center to ensure 
that these efforts are coordinated and cost effective … Recent scientific and technical 
advances provide a sound basis for more cost-effective national responses to invasive 
species. Greater investments in improved technology and management practices would be 
more than repaid by reduced damages from current and future invasive species.  

 

In a very recent article, Moser, et al. discuss remoteness and biological invasions. This paper is especially 

relevant to islands, including Heard Island.  

 
Islands are hotspots of alien species invasions, and their distinct biodiversity is 

particularly vulnerable to invading species. While isolation has shaped natural colonization of 
islands for millions of years, globalization in trade and transport has led to a breakdown of 
biogeographical barriers and subsequent colonization of islands by alien species. Using a 
large dataset of 257 subtropical and tropical islands, we show that alien richness increases 
with increasing isolation of islands. This pattern is consistent for plants, ants, mammals, and 
reptiles, and it cannot simply be explained by island economics and trade alone. 
Geographical isolation does not protect islands from alien species, and island species 
richness may reach a new dynamic equilibrium at some point, likely at the expense of many 
endemic species. 

 

Included in the article is a plot of species richness as a function of distance to closest mainland. The data 

shows that native species richness drops by about 50% as the distance to the mainland increases to 5000 km, 

but alien species richness is approximately constant over this range.  Admittedly these data are for subtropical 

islands, not subantarctic islands. However, the trend might well be valid for the latter, and suggests that a 

similar examination for these relations would be informative. 
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The Future of Heard Island 
 

What follows from this point to the end of the book is a virtual sampling of the future of Heard Island 
taken at selected intervals:  

 
 Decade 10 years AD 2031 
 Tricade 30 years AD 2051 
 Century 100 years AD 2121 
 Millennium 1000 years AD 3021 
 Millionium 1,000,000 years AD 1,002,021 

 
Adding these years into the history of Heard Island produces a chronology as seen in FIG. 36.3. 

 

 

 
FIG. 36.3 Timeline to the future 

 
 

Among other claims, we argue that after the next hundred years Heard Island probably will be visited 

significantly less often, perhaps only once per century, and then under increasing restrictions.  

The “Reports” that follow are “fact-based speculation,” which means they are based on historical facts and 

reasonable extrapolations into the future, but they are speculative because they are not offered as quantitative 

predictions. Rather, they are attempts to capture word images of Heard Island in specific future years (2031, 

2051, 2121, 3021, and 1,002,021). Admittedly these word mages are very speculative, but, we hope, based on 

our understanding and experience, and, taking into account the above concept of Future Science, reasonable. 

The News Updates are likewise speculative, with increasing creativity needed for the more distant future. The 

hope is that these Reports will make the situation described in the future years more understandable, even if 

they might be wrong in details. 

Perhaps a copy of this book will be seen by someone in those future years, for amusement, or, perhaps, 

enlightenment? 
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The next Decade (Year AD 2031) 
 

After its abandonment in 1955, the structures of the ANARE station were gradually destroyed by wind, 

rain, and animals. FIG. 36.4 shows the ruins (plus temporary facilities) in 1986, and the same site in 2031. 

After the site was completely cleaned in 2028, the only structures left were the two AAD refuge shelters.  

 

 

 
FIG. 36.4 The ANARE station. (Upper) The ruins in 1986. (Lower) The same area envisioned in 2031. 
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Even in 2016, sixty years after the abandonment of ANARE, remnants of the station littered the area. The 

two pictures in FIG. 36.5 show the last surviving building, the recreation hut, in 2016, and the site as 

projected in 2031. In 2025, remnants of the building and scattered shards were removed. In 2028 site cleanup 

was mostly complete; by the time the 2031 Expedition arrived, the site was completely returned to Nature.  

 

 

 
FIG. 36.5 Remnants of the ANARE station. (Upper) 2016. (Lower) 2031. 
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Predictions 

 
In 2021, there were many predictions for the world in 2031. A small selection is given here: 

 
 India has begun phasing out hydrofluorocarbons (HFCs) 
 Much of Bangkok is being abandoned due to flooding 
 Global reserves of lead are running out 
 Perennial wheat and corn are becoming profitable 
 Web 4.0 is transforming the Internet landscape 
 Stem cell pharmacies are commonplace 
 Married couples are a minority in the UK 
 Chocolate has become a rare luxury. 

– – Future timeline https://www.futuretimeline.net/21stcentury/2031.htm 

 
 Every company will have a ranking system, based on its purpose and values.  
 Little details will be optimized. A trip to the spa in 2030 will be more like a trip 

to the doctors. 
 We’re projected to have nine more megacities around the world.  
 In order to live healthily, we can’t live in box rooms with no real sunlight.  
 We’re going to have a work-life balance that‘s far more flexible and we‘re going 

to be working in a far more global way. 

– – Emma Chiu, Global Director, Wunderman Thompson Intelligence 

 
 Technology will no longer be seen as the enemy of creativity 
 A lot of experimentation with how to add sensory layers to online experiences. 
 Less fear of artificial intelligence. 

– – Lucie Greene, founder, Light Years 

 
 Decentralized world, where all health care, education, nutrition, and shelter 

needs are met 
 Rising resistance against this capitalist profit model, nationalism, and 

centralization. We are starting to resist large organizations accumulating large 
amounts of wealth and power. 

 Decentralized models and an open-source community and companies. 
 Decentralized companies are going to start appearing  
 Digital avatars of people. 

– – Daniel Hulm, Chief Executive Officer, Satalia 

 
 We‘ve empowered ourselves and others professionally and economically. 
 Improved relationship between technology and people. Technology merged 

with people. 

– – Amy Kean, Brand and Innovation Director, AndUs 

 
Other sources can be found here: 

 

https://www.thedrum.com/news/2020/06/29/fact-or-fantasy-futurists-predict-better-world-2030 

https://futurebase.com/timeline/2031/ 

https://www.quantumrun.com/future-timeline/2031 

https://thecanadian.news/2021/04/25/mhoni-seer-catastrophic-prediction-for-2031/ 

statista.com/statistics/216998/forecast-of-the-federal-debt-of-the-united-states/ 

  

https://www.futuretimeline.net/21stcentury/2031.htm
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News Updates 

 
The following “News Reports from 2031” are written from predictions in Science News: 

 
A major scientific event occurred in August, 2031: the return of the sample capsule from 

the Perseverance rover on Mars. The rover was landed on 18 Feb 2021, and spent the next 
decade exploring the area around Jezero Crater, and areas as far away as 10 km. Samples 
obtained on Mars were encapsulated in 43 tubes, designed to keep them uncontaminated 
for up to 10 years. The total weight (on Earth) of the samples is about 20 ounces. The 
samples have been taken to the Lunar Sample Laboratory Facility (LSLF) at NASA's Lyndon B. 
Johnson Space Center in Houston, Texas., which has been renamed the ExoSamples 
Laboratory Facility (ESLF). 

– – Science News 199(1):7 

 
Fossil fuels are still dominant in Africa. Despite doubling of the energy capacity in Africa 

over the last decade, fossil fuels still account for two-thirds of the entire continent’s energy 
generation, with wind and solar accounting for only ten percent. In fact, this was predicted a 
decade ago [Gramling, C., 2021], but despite good governance, the market was dominated 
by project-level factors such as the size and funding of the plants. 

– – Science News 199(3):12 

 

Report to the Australian Antarctic Division (AAD) 

 
A projected Report to the AAD for the year 2031 is provided here: 

 

 
FIG. 36.6 (Projected) Report of the Heard Island Expedition Group to the Australian Antarctic Division (AAD) 

2031 
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Summary of the Report of the 

Heard Island Expedition Group 
to the 

Australian Antarctic Division (AAD) 
on the 

2031 Heard Island Research and Conservation 

Expedition 
Report date: 1 July 2031 

 
Summary 

This is a Summary of the Report of the visit to Heard Island during March-May 2031 
concerning the AAD Research and Conservation Expedition to the island. This Summary is 
meant to provide a brief description of the State of the Environment (SOE), with added 
emphasis on “change” per se; that is, aspects of the Heard Island System that currently show 
ongoing or new changes are emphasized. Detailed information on the Expedition will be 
found in the complete Report. 

In summary, the changes previously documented are, for the most part, continuing. 
Operations 

The team numbered about 50 persons, including specialists in all scientific specialties of 
relevance to Heard Island. Most of the team members were employees of the AAD, and 
most were based in Kingston, Tasmania. 

As in most past years, clear evidence was found of illegal visits to Heard Island. 
Remnants of campsites showed debris (containers, metal pieces, bones, etc.), and land 
leveling. 

The existing autonomous data recorders were serviced, including cleaning and replacing 
sensors and backup batteries. 

Four remote entry alarms were installed at Atlas Cove. When triggered, these alarms 
will give real-time video of humans trespassing on the island. They will also provide warnings 
to leave. Future instruments will include the ability to make identifications of persons. 

Samples of glacial ice, runoff water, lagoon water, oceanic water, soil, bonal debris, and 
oceanic debris were conserved and passed to the lab in Hobart, Tasmania. 

Cleanup of the ANARE was completed and the area restored to its near-natural 
condition. Because some of the area had been leveled by a bulldozer, it still shows evidence 
of human occupation. 

The three emergency shelters that were installed at Atlas Cove in 2003 just east of the 
ANARE site, were refurbished. The Visitor Log was copied and left in place for future visitors. 

A seismograph was installed on Mawson Peak, telemetering data to the repeater at 
Atlas Cove. The real-time data will be available at AAD labs in Kingston. 

Signage was installed warning unauthorized visitors that entry without a permit is 
forbidden. The fixed video monitor was repositioned to include the shelters in its field of 
view. The video records are meant to track trespassers. 

The visitor log was updated and copied and left in the shelter at Atlas Cove. 
 

  



 

Chapter 36 THE FUTURE ⃝ Page 826 

 
 

 
Geophysical work 

There was no evidence of lava flows during 2031 from the crater on Mawson Peak.  
A 5-sided retroreflector was installed on a pier on Mawson Peak The reflectors enable 

laser-based interferometry to determine the position of the reflector to within 1 mm.  

 

 
Five-sided retroreflector installed on Mawson Peak. 

 
Lava flows from eruptions in 2023, 2026, and 2027 were mapped. The drone-flown 

magnetometer was used to create a magnetic map. 
In partnership with Dr. Tanaki at the University of Tokyo, a muon telescope was installed 

at the base of Big Ben on the south edge of the Nullarbor. The telescope will “see” through 
Big Ben and enable mapping of the integrated density along lines of sight spaced at 5° 
intervals. 

 

 
Schematic of placement of muon telescope at the base of Big Ben. 

 
Hydrological work 

Glacial coring down to 150 m was carried out. The cores were preserved in the normal 
manner and transferred to the ice core lab at the AAD in Kingston. 

Most of the glaciers continue to retreat, leaving moraines and tarns. Most of the glacier 
termini are now at elevations around 500 m. 

The average flow of meltwater streams has decreased by 3%, probably due to loss of 
upslope glacial ice. 

Barriers continue to disappear due to surf attack. Stephenson Lagoon is now completely 
open to the sea, and Winston, Brown, and Compton Lagoons are communicating with the 
sea, making their water brackish. 

Several hundred samples of runoff stream water were collected and transferred to the 
AAD lab for trace element analysis. 

 

  

file:///L:/PICs_Chapter_36_The_Future/FIG. 36.6B.jpg
file:///L:/PICs_Chapter_36_The_Future/FIG. 36.6A.jpg


 

Chapter 36 THE FUTURE ⃝ Page 827 

 
 

 
Environmental work 

Oceanic debris continues to appear on the beaches, and sometimes inland. 
Documentation of the observed debris and selected samples were passed to the AAD labs, 
which identified it and added it to the collections in the AAD warehouse. In some cases, the 
origin of the debris has been tracked to a specific location. 

A previously unknown major archaeological site was found in the vicinity of Long Beach. 
The site had been marked by a stone shelter, which had been dispersed. The site was 
previously not recognizable due to the vegetation covering the area. Various artifacts such as 
pieces of broken pipes and nails were found within the site. 

Biological work 
The diversity of microbiota continues to increase, probably due mostly to increased 

sensitivity of sampling. All species documented last year were found again on this visit. 
Previously banded birds observed included 25 King Penguins, 16 cormorants, 21 skuas, 

and 14 albatrosses. New bands were put on 105 King Penguins, 19 cormorants, 22 skuas, and 
12 albatrosses. 

Plants 

Several species of thermophilic plants were found on the rim of Mawson Peak.  
Two new instances of plants, both aliens from South Georgia, were found in a limited 

area on the west side of Laurens Peninsula. Both of these were eradicated. 
One new alien plant discovered but not identified. It is probably a migrant from either 

Kerguelen or South Georgia, probably carried by birds. 
An extensive search for additional alien plants was negative. 

Invertebrates 

Several invertebrates were obtained by bottom grab from Stephenson Lagoon. These 
are common marine species. 

A substantial collection of tardigrades was made to carry out laboratory tests on their 
potential adaptation to Heard Island climate. These were transferred to the labs at the AAD, 
Kingston, Tasmania. 

Birds 

Hundreds of King Penguins were banded, with tags designed to last 20 years. About 40 
elephant seals were also tagged. 

Counts were made of the critical species, including penguins (King, Gentoo, Rockhopper, 
Macaroni), cormorants, skuas, terns, albatross (Black-browed, Sooty, Light-mantled, 
Wandering), prions (Fairy, Fulmar, Sooty shearwater), petrels (Wilson’s, Gray-backed, 
Southern Giant, and sheathbills. 

We note the continued increase in the population of Heard Island Cormorants. It is 
estimated that the total is approximately 4000, found in numerous nesting areas. 

Mammals 

Extension of known fur seal foraging area was documented by direct observations. 
A total of 15 tagged elephant seals and 4 leopard seals were documented. The tags give 

the locations and dates of the tagging. 
Records 

As in previous operations, drones were used for observation and counting of fauna and 
flora. The original data and statistical analysis are filed with the full Report. 

Projections 
This year’s AAD visit documents the expected extrapolation of changes, the 

disappearance of a few resources (e.g., remnants of the 1947-55 ANARE station), and several 
discoveries or developments that will lead to further work during future annual visits. 
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The next Tricade (Year AD 2051) 
 

Propagation of alien plants 

 
It has been noted (see Chapter 24) that in 2004 a plant not previously recorded on Heard Island was 

observed.  It was identified (Turner, et al, 2005) as Leptinella plumosa, “a small feathery-leaved member of 

the daisy family.” With some artistic license, we depict the original discovery in 2004 and a re-observation of 

the same location in 2051. The latter shows at least eight separate plants appearing to be L. plumosa. This 

rather moderate radiation is not particularly remarkable; since the plant occurs widely on Kerguelen, so it is 

probably well-adapted for the verdant parts of Heard Island. It is emphasized that FIG. 36.7 (Lower) is 

projected. 

 

 
FIG. 36.7 Leptinella plumosa on Heard Island. (Upper) First observation in 2004. (Lower) Re-examination of the 

same site in 2051. 
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Various predictions 

 
In 2014 Poyan Sandnell wrote an essay “from” 2050, published in the Ericsson Blog: 

[https://www.ericsson.com/en/blog?locs=68304].  

 
[2050] I take it for granted now, but when I think about that past 35 years, pretty much 

everything has changed. Today, in 2050, there is not a single aspect of my life that has not 
been transformed by technology. For example, today I got up early to get ready for work. I 
don’t need an alarm clock anymore because the new biometric chip I had installed in my 
body sends signals to my brain to gently wake me up. Not only that, the chip helps my brain 
learn things, remember better, and is connected to the new 10G network. The chip also 
backs up my brain activity to the cloud in real time. 

I also love my contact lenses. These lenses are connected to the chip inside me and 
register everything I see. Since the lenses update in real time, I rarely have any unanswered 
questions. 

Today, cars are connected through real-time wireless electricity and no longer require 
batteries. Of course, the cars drive by themselves and in the past five years nearly 95% of all 
fatal traffic accidents have been eliminated globally. 

After I got out of bed, I took my breakfast pill which gives my body everything it needs. 
The nutritional value in these pills will probably help me live 30% longer than in the past. Of 
course, I still just want regular food, but it is hard to find these days and is very expensive. 

Basically everything around me is connected – my toothbrush, my shoes, the buttons on 
my jacket, my eyes, my brain and all things in our home. In fact, there is really nothing I can 
think of that isn’t connected. 

 
In 2014, Christina Sterbenz, Corey Adwar, and Erin Fuchs published an article in The Business Insider 

entitled “15 Ways the World will be Awesome in 2050.” Here is the list [converted to future present]: 

 
 Almost all adults know how to read 
 Artificial body parts make organ shortages a thing of the past 
 Artificial intelligence is insanely good 
 Baby-making is more sophisticated 
 Cars are vastly safer, smarter, and cleaner 
 Child mortality rates is vastly lower 
 Designer babies now create super humans 
 Greater gender equality has improved the global economy, and society 
 Humans could live forever as computerized brains 
 New translation tools make the world more like “Star Trek.” 
 The internet reaches every corner of the world 
 There are no more poor countries 
 There is almost no warfare worldwide 
 We have vaccines and cures for many diseases 
 We rely almost exclusively on renewable, clean energy 

  

https://www.ericsson.com/en/blog?locs=68304
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In 2015 Sterbenz and Erin Brodwin wrote a counterpoint column entitled “15 ways the world will be 

terrifying in 2050.” Here is that list [edited slightly]: 

 
 Cyberattacks have increased, causing tangible damage to the world 
 Diseases spread across the world with ease 
 Hurricanes could become more frequent and more severe 
 If you want convenience, you have to forsake privacy 
 Large-scale blackouts have become commonplace 
 Millions of people are without food 
 More than half of the world's population does not have adequate access to water 
 Oil has become prohibitively expensive. 
 Rising water levels are flooding major cities across the globe 
 Superbugs kill 10 million people each year 
 The air is thick with pollution, lung conditions and respiratory diseases have worsened 
 The number of people living in cities has tripled 
 The number of people living with dementia has tripled 
 The rain forests are facing total annihilation 
 The types of fish we eat are becoming extinct 

 
In 2019, Katherine Gammon published an article in PhysOrg entitled “What will the world look like in 

2050?” Here are some of her points [converted to future tense]: 

 
 Commuting, travel, shopping, eating, and housing have been radically transformed 
 More parts of the world go through droughts, while others are flooded 
 More people opt to use low-carbon transportation. 
 The climate has become extreme in several ways, including an increase in fires and 

floods, rainy days and droughts, cold snaps and temperature spikes 
 The ocean continues to warm, acidify, lose oxygen, and is overfished and choked with 

pollutants ranging from nutrients to plastic 
 The skies of Los Angeles have reverted to the soupy smog of the 1970s 

 

Predicting Big Ben eruptions 

 
FIG. 36.8 shows the dates of the documented eruptions of Mawson Peak. There is some hint that major 

eruptions occur in 40-50-year intervals, although the statistics are not good. The higher frequency around 

2000 may be partially due to more active observation and documentation. If the 40-50-year cycle is correct, 

the next major eruption would be expected 2030-2050. 

  

 

 
 

FIG. 36.8 Documented eruptions of Mawson Peak 
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Predictions 

 
Predictions about the Future World became widespread by the early 2020s. Each has its own “personality,” 

but their commonality is that people will find the world very hot, activities will be restricted, and major 

interruptions due to natural disasters (including pandemics) will become a part of life. In a word, life will 

become “hard,” bordering on “burden.” The present author thinks that certain classes of crimes and suicide 

rates will rise significantly. While life expectancy might be expected to rise due to public health 

developments, in fact it might not rise at all, or might even decrease, due to the physical challenges of simply 

living.  

In 2051, these scenarios became embedded in the Heard Island operations. The island continues to be an 

Australian possession, although during a governmental reorganization in 2035 the island was brought under 

the jurisdiction of the Australian External Territories Division (AETD). The original goals of exploration, 

mapmaking, wildlife research, and environmental adjustment have been essentially completed; most activities 

are monitoring, managing, and exploitation of certain natural resources, such as rare minerals. Most of the 

facilities on the island are operated by local self-regulating controllers. Drones assist in surveys of the biota, 

including searching for new alien species. The current tasks mostly involve monitoring sensors, responding to 

geophysical events, extracting and processing strategic materials from Big Ben, and tending stocks and 

reserves of terrestrial and marine biota as storage against sudden environmental calamities such as a meteor 

impact or volcanic eruption.  

FIG. 36.9 shows the closest analogs of the climate to periods in geologic time, for the years 2020 

(“present”), 2050, 2100, and 2200. During the Eocene, climates were warm and humid—temperate and 

subtropical forests were widespread, whereas grasslands were of limited extent. For example, the Eocene 

forests of Oregon were made up of trees and plants similar or identical to those now found in Central and 

South America. This contrasts with the Holocene period, which was an amazingly stable climate, where the 

cooling through the period was limited to a few degrees. The general decline in temperatures in the last 8000 

years was overlain by several cold and warm periods. The transformation from Holocene to Eocene climate is 

currently underway– within the next century, the entire area of the United States will be hot, hotter, and 

hottest.  

 
FIG. 36.9 World maps, color-encoded according to the closest analogue of the weather to past geological 

periods 
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News Updates 

 
Arek Sinanian, an international expert on climate change, greenhouse gas accounting and abatement, has 

extensive experience in resource efficiency, waste minimization, and sustainable development. In early 2019, 

he wrote a (projected) report: “2051 Yearly Report on World Climate Order as required by the Global 

Agreement on Climate Change (GACC)” (quotation slightly edited). This is in the form of a News Update 

from the year 2051. In July 2019, he published a second (similar) essay (Fair Observer, July 22, 2019): 

 
2051 Report on World Climate Order 
 
Use of fossil fuels is now at a historic low, such that their exploration, manufacture, and 

use are expected to continue to diminish at an increasing rate. Air travel is currently a highly-
taxed and expensive option for most people. These punitive measures have resulted in 
unprecedented global action to significantly reduce carbon emissions. 

Since 2025, reductions in global carbon emissions have averaged 10% per year and have 
overtaken the effect of population increases. More than 60% of all road vehicles (private and 
commercial) sold were plug-in electric. Public transport has become [the] priority over the 
construction of highways. 80% of all public transit buses are now either hydrogen or electric 
(battery) powered. Cities are now designed to minimize car transport requirements and to 
encourage cycling and walking. 

All new centralized power generation is now sourced from renewable energy, including 
large and small hydroelectricity. No new coal-fired generation plants have been constructed 
since 2030. Passive building design measures, intelligent houses, and commercial properties 
have reduced consumption of energy by 25%, compared with early this century. 
Consumption of meat and other high-protein and high-carbon foods, including imported 
goods, is in decline due to the strict targets put on carbon emissions. Since 2030, all major 
appliance, vehicle, and electronic manufacturers have been required to take back their used 
goods for reuse and recycling. 

 
The World After Climate Change 
 
Following the mixed success of the United Nations Framework Convention on Climate 

Change (UNFCCC), measures to effectively reduce greenhouse gas emission in the years 
following the 1997 Kyoto Protocol and subsequent agreements, including the 2015 Paris 
Agreement, the UNFCCC was disbanded and a new system of greenhouse gas management 
was established– the World Climate Order– under which all nations agreed to comply with 
targets set by the Climate Order Committee and the Global Agreement on Climate Change 
(GACC). This radical action followed revolt from citizens all around the world and which 
necessitated leaders of all nations to agree to act decisively. 

An additional tax is imposed by the World Climate Order on all fossil fuels manufactured 
and distributed. Taxes collected are added to the penalties collected to assist developing 
countries to meet their set targets. These taxes have effectively made fossil fuels a luxury 
item. As a result, the use of fossil fuels is now at a historic low, such that their exploration, 
manufacture, and use are expected to continue to diminish at an increasing rate. Until an 
alternative fuel such as hydrogen is found, air travel is currently a highly taxed and expensive 
option for most people. 

Since 2025, reductions in global carbon emissions have averaged 10% per year and have 
overtaken the effect of population increases. Carbon reductions at these levels are expected 
to bring global levels to the desired ones within the next decade. 
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Transport 
More than 60% of all road vehicles (private and commercial) sold were plug-in electric 

and, with all the solar power being generated in so many households and factories, they can 
recharge their fifth-generation batteries in just 20 minutes using renewable energy. All 
countries have now implemented plans for public transport to be a priority over the 
construction of highways. 80 percent of all public transit buses are now either hydrogen or 
electric (battery) powered. 

 
Renewable energy sources 
All new centralized power generation is now sourced from renewable energy, including 

large and small hydro-electricity, pumped hydro-electricity, PV solar power, concentrated 
solar power, wind, geothermal — all supported by the latest technology battery and molten 
salt storage, tidal energy and nuclear power. No new coal-fired generation plants have been 
constructed since 2030. 

 
Buildings, Urban Design and Active Transport 
Cities are now designed to minimize car transport requirements and to encourage 

cycling and walking. Many cities provide free public transport. 
All new commercial buildings since 2030 are constructed using recycled materials, and 

all glass windows are solar power collectors. All roofs in most countries have mandatory 
solar power PV and hot water systems.  

All new private dwellings constructed in the past two decades have been required to 
have a combination of high-rating insulation, double or triple glazing, solar power with fifth-
generation battery storage, solar roof tiles, solar windows, efficient lighting and reverse-
cycle air conditioning. 

Passive building design measures, intelligent houses and commercial properties have 
reduced consumption of energy by 25%, compared with early this century. 

 
Work and Lifestyle Changes 
The tax base for most countries remained the same to provide the required high levels 

of public services and infrastructure. But while tax rates rose for all salary earners, the 
expenditure decreases meant that disposable income requirements of citizens were also 
less. As a result, the quality of life in most countries either remained the same or improved. 

 
Agriculture 
Consumption of meat and other high-protein and high-carbon foods, including imported 

goods, is in decline due to the strict targets put on carbon emissions. Generally, meat prices 
have increased in all countries, with the consequent reduction of meat consumption and 
improvement in health. 

 
Industrial Activity 
Since 2030, all major appliance, vehicle and electronic gadget manufacturers have been 

required to take back their used goods for reuse and recycling. This has encouraged the 
rethinking and redesigning all such items. 

 
– – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – -– – – – – – – – – – –  
 
There have been encouraging achievements in decarbonizing the world through the 

initiatives of the World Climate Order. But according to the Chair of the World Climate Order 
Committee, there is much more to be done. The next committee report will be issued in 
2052. 
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Trimilllennium 

 
In 2042, a new project was funded: Trimilllennium. The name refers to the possibility of designing a 

capsule that would carry information forward up to 1000 years to an unknown world. The Project proposed to 

deploy one (or more) long-lived, telemetering capsules into the headwall of one or more glaciers to measure 

their rate of flow and other environmental parameters such as temperature. The capsules would be designed to 

sink into the glacier and travel with the ice. The location and local conditions (pressure, temperature, etc.) of 

the capsules would be telemetered to a satellite link and to a selected location with internet access. The 

development of this project might produce ideas for a very-long-duration remote sensing.  

Whereas it may take as much as a thousand years for a capsule to be ejected at the glacial terminus, there 

are a variety of risks that probably make such a very long lifetime impractical within the limits of this project. 

Therefore, designers adopted a relatively modest design goal of a 100-year lifetime and sought to deploy an 

optimum set of capsules. To keep power requirements to a minimum, the capsules telemeter data only on a 

very infrequent schedule (typically once per day for 10 seconds). The data go to a local transceiver on the 

surface, nominally at Mawson Peak, from which it is relayed to a satellite. The satellite sends the data to 

Earth-based stations, which post it on appropriate servers.  

After the Trimilllennium project was approved, several capsule versions were developed. By 2050, the 

design was frozen, and deployment was authorized for the 2051 visit to Heard Island. A potential limitation 

for this project is the fact that the glaciers have been retreating at a very high rate. This would shorten the 

lifetime of the capsules and perhaps even render the project unnecessary.  

 

Report to the Australian External Territories Division (AETD)  
 

A projected Report to the AETD for the year 2051 is provided here: 

 

 
FIG. 36.10 (Projected) Report of the Heard Island Expedition Group to the Australian External Territories 

Division (AETD) 2051 

  

file:///L:/PICs_Chapter_36_The_Future/FIG. 36.10 2051.jpg
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Summary of the Report of the 

Heard Island Expedition Group 
to the 

Australian External Territories Division (AETD) 
on the 

2051 Heard Island Research and Conservation 

Expedition 
Report date: 1 July 2051 

 
________________________________________________________________ 

 
Summary 
This is a Summary of the full Report of the visit to Heard Island during March-May 2051 

concerning the AETD Research and Conservation Expedition. This is the 16
th

 such visit since 
the reorganization of the Australian Antarctic Division (AAD) into the Australian External 
Territories Division (AETD) in 2035. This Summary is meant to provide a brief description of 
the State of the Environment (SOE), with added emphasis on “change” per se; that is, 
aspects of the Heard Island System that currently show ongoing or new changes are 
highlighted. Detailed information on the Expedition will be found in the complete Report. 

My participation in this annual visit was my eighth since 2040. As in previous recent 
years, the team numbered about 35 persons, including specialists in all scientific specialties 
of relevance to Heard Island.  

My primary role in these visits was as a coordinator and observer, and secondarily as an 
actual participant in the fieldwork. I did not have a particular specialty such as the fields 
mentioned in the previous paragraph. Rather, I interacted with all the specialty groups to 
obtain a reasonably realistic understanding of the results of each group. To be clear, I was 
onsite, and I participated as a co-investigator in most of the 24-plus projects. The results of 
some of these projects are summarized below.  

It is immediately obvious that the changes previously documented are, for the most 
part, continuing. 

 
Operations 
As in many past years, clear evidence was found of illegal visits to Heard Island. 

Remnants of campsites showed debris (containers, metal pieces, bones, etc.), and land 
leveling. 

The existing autonomous data recorders were serviced, including cleaning and replacing 
sensors and backup batteries. 

Fifteen additional remotely controlled video/audio transceivers were installed in critical 
locations, including Mechanics Bay, Gilchrist Beach, Dovers Moraine, Long Beach, and Cape 
Gazert, among others.  

Samples of glacial ice, runoff water, lagoon water, oceanic water, soil, bonal debris, and 
oceanic debris were conserved and passed to the lab in Hobart, Tasmania. 
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Geophysical 
The visit to Mawson Peak showed no perceptible difference from last year. There was 

no evidence of recent lava flow from the crater. The temperatures of the rocks around the 
crater showed small decreases since last year, averaging about 1%. 

Ten Trimilllennium capsules were deployed in 25 m deep holes near Mawson Peak, 
positioned to be carried downslope by various glaciers. It is expected that the capsules will 
exit the glacier termini 2100-2200 A.D. 

 
Hydrological 
The perimeter of the island was measured by laser ranging and found to have decreased 

by 0.4% since last year. Most of this decrease was due to glacial calving. Details are in the 
data files attached to the Report. Reconciliation with satellite images taken during our visit is 
included. 

Most of the glaciers continue to retreat, leaving moraines and tarns. Most of the glacier 
termini are now at elevations around 1500 m. 

The average flow of meltwater streams has decreased by 6%, clearly due to loss of 
upslope glacial ice. 

All barriers damming the peripheral lagoons on the east side of the island have been 
completely lost, converting the lagoons into open bays. 

Streamwater samples show continued decrease in Zr, Nb, Mo, Tc, Ru, Rh after eruption 
of the volcano. The last eruption was in 2046. 

 
Biological 
The diversity of microbiota continues to increase, probably due mostly to increased 

sensitivity of sampling. All species documented last year were found again on this visit. 
Two new instances of plants, both aliens from South Georgia, were found in a limited 

area on the west side of Laurens Peninsula. Both of these were eradicated. Several species of 
thermophilic plants were found on the rim of Mawson Peak. 

A variety of birds previously banded were documented, included 35 King Penguins, 12 
cormorants, 11 skuas, and 6 prions. New bands were put on 412 King Penguins, 56 
cormorants, 81 skuas, and 28 prions. 

 
Environmental 
Both the amount and rate of accumulation of plastic debris continues to increase. 

Documentation of the observed debris and selected samples were passed to the Oceanic 
Debris Tracking Program (ODTP) established in 2064, which made identifications of their 
origins. It was found that by far the largest fraction of debris originated on the east coast of 
South America, but the age of the debris was several years. 

 
Records 
As in previous operations, drones were used for observation and counting of fauna and 

flora. The original data and statistical analysis are filed with the full Report.  
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The next Century (Year AD 2121) 
 

Red Island Lake 

 
During the 2016 Cordell Expedition, it was discovered that the barriers on both sides of Red Island Lake 

had been breached, producing channels to the open ocean. Obviously, the flow of seawater through the lake 

changed its residence biota, but unfortunately, we are unaware of the pre-break condition. This process 

converted Red Island from an isthmus to a true island.  

By 2031, a second small break had opened on the east side, about 240 m south of the first break, leaving a 

small island. Over the next 30 years, this island was entirely consumed by surf erosion, leaving an opening 

about 500 m wide. By 2121, the openings on both sides had been enlarged even further.  

The conversion of the lake to a wide causeway over the next century is shown in FIG. 36.11. Note the 

opening of a second channel on the east side by 2031. In the following decades, the small island between 

these breaks is completely eroded away, leaving a large opening, which is then further widened. 

 

 
FIG. 36.11 Conversion of Red Island Lake to an open channel and isolation of Red Island  

 
 
  

file:///L:/PICs_Chapter_36_The_Future/FIG. 36.11 Overlay extended 2016 2031 2051 2121 Linked4x.jpg
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Spit Bay 2121 

 
The same erosive process that opened Red Island Lake was at work in the Spit Bay area over the 21

st
 

Century. All the major lagoons (Winston, Stephenson, Brown, Compton), themselves originally created by 

the melting of major glaciers, left barriers, blocking the ocean from communicating with the freshwater runoff 

from the remnant glaciers and allowing biological communities to survive in the brackish lagoon water. But 

the relentless attack of the surf eventually opened small channels in the barriers through which seawater 

flowed, and eventually dismantling the barriers and distributing the tailings in deeper water. The complete 

opening of each lagoon to the ocean gave the coastline a fanlike profile by 2121.  

The conversion of the coastline from relatively smooth to fanlike is shown in FIG. 36.12. In 2014 there 

were five major lagoons formed by barriers. By 2121, the barriers were completely eroded; the lagoons 

became open bays. 

 
 

 
FIG. 36.12 Opening of the major lagoons to the sea. (Left) 2014. (Right) 2121. 
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Antarctic ice sheet 

 
The most recognizable measure of climate change is temperature. Indeed, most people probably would 

equate “climate change” with “global warming.” There are, however, many other effects associated with 

climate change. One of these is Antarctic ice: dumping of large amounts of liquid water and freshwater ice in 

the ocean.  

In 2020, DeConto and Pollard carried out detailed simulations up to the year 2250. These simulations were 

done using a coupled numerical model integrated with future greenhouse-gas emission scenarios and with 

meltwater and ice discharge provided by a dynamic-thermodynamic ice sheet model. Accounting for 

Antarctic discharge raises the subsurface ocean temperatures by more than 1°C at the ice margin relative to 

simulations ignoring discharge. These authors used a high-resolution, fully coupled, ocean-atmosphere-

cryosphere-land model, a Community Earth System Model, and a Community Atmospheric Model. Time-

evolving freshwater (liquid meltwater and solid ice) input from Antarctica is provided from a continental ice 

sheet/ice shelf model. The ice model included hydrofracturing and ice-cliff calving. 

These authors wrote: 

 
Today, freshwater input to the ocean is increasing in response to climatic warming, 

largely from a combination of net precipitation and increasing riverine input resulting from 
an invigorated hydrologic cycle, and the loss of sea and land ice … the location and 
magnitude of the additional freshwater are central to the modelled climate response… 
[However] several elements of the climate response to freshwater perturbations in the 
Southern Ocean have been broadly consistent, including a decrease in surface air 
temperatures (SATs) over the Southern Ocean, … and the expansion of Southern Ocean sea 
ice. 

 
In the decades after these predictions, numerous additional simulations supported these results. Increased 

stratification of the Southern Ocean by freshwater and large-scale expansion of sea ice caused subsurface 

warming, accelerating sub-ice melt rates, and ice shelf thinning. … It was also found that sea ice–driven 

surface cooling provided strong negative feedback that mitigated surface melt and hydrofracturing of ice 

shelves. Around 2121 the effect of the freshwater input reached a huge peak, which also produced a 2-3-

decade delay in the surface temperature rise. Ironically, the Heard Island Expedition scheduled for 2121 fell 

directly in this interval. (DeConto and Pollard, 2020).  

 

Predictions 

 
In 2019, Chown, and Brooks provided this description of the activity on Heard Island and the Antarctic: 

 
A series of eruptions of Big Ben occurred in 2005-2015, consistent with the 40-year cycle 

recognized since 1910. These eruptions were relatively small, consisting mainly of smoke and 
ash. Only small amounts of lava were observed. For the past decade, there has been very 
little activity. 

Inadequate decisions made in the first half of the 21
st

 Century have had global 
consequences. Over the past century, large physical changes to the Antarctic cryosphere, 
oceans, and terrestrial environment have occurred, with local and global consequences. Sea-
level has risen by more than one meter since 2000 and is predicted to rise by 13 meters 
before 2500.  

By the year 2500, the West Antarctic Ice Sheet will have completely disappeared, as well 
as parts of the East Antarctic Ice Sheet. 
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FutureTimeLine ( https://www.futuretimeline.net/22ndcentury/2100-2149.htm) provides these 
predictions for the next several decades, 

 
 A North American Union is taking shape  
 Emperor Penguins face extinction 
 Femtoengineering is practical 
 Force fields are in military use 
 Human intelligence is being vastly amplified by AI 
 Large-scale arcologies are emerging as an alternative to traditional cities 
 Large-scale civilian settlement of the Moon is underway  
 Man-made control of earthquakes and tsunamis 
 Mind uploading enters mainstream society 
 Nomadic floating cities are roaming the oceans 
 Our solar system is passing through a million-degree cloud of gas 
 Perfect simulations of one cubic meter 
 Personal health pods are common in homes 
 Room-temperature superconductors are in widespread use 
 Terraforming of Mars is underway. 

 

Report to the Southern Islands Territories Council (SITC)  

 
A projected Report to the SITC for the year 2121 is provided here: 

 

 
FIG. 36.13 (Projected) Report of the Heard Island Expedition Group to the Southern Islands Territories Council 

(SITC) 2121 
  

https://www.futuretimeline.net/22ndcentury/2100-2149.htm
file:///L:/PICs_Chapter_36_The_Future/FIG. 36.13 2121.jpg
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Summary of the Report of the Heard Island Expedition Group to the 
Southern Islands Territories Council (SITC) on the  

2121 Heard Island Monitoring and Documentation Expedition 
1 July 2121 

 
Summary 
This is a Summary of the Full Report of the visit to Heard Island during March-May 2121 

appropriate to the SITC Monitoring and Documentation program supporting visits to the 
island. This Summary is meant to provide a brief description of the State of the Environment 
(SOE), with emphasis on “change” We follow the format of previous reports. 

Operations 
As in many past years, clear evidence was found of illegal visits to Heard Island. During 

this visit, evidence was found of multiple independent visits. Probably these were 
encouraged by publicity about Heard Island as a remote, unsupervised island. The existence 
of multiple all-weather emergency shelters on Heard Island is likely to be another factor 
encouraging such visits and extended stays. Two human skeletons were found in a lava tube 
on Azorella Peninsula; both showed bullet wounds to the head. 

Rookeries and nesting sites were inspected in all accessible areas of the island. Several 
drones were used for photographic coverage, but there were numerous failures and 
significant loss of data. 

No sign of the Trimilllennium project capsule that was deployed in 2051 was found. 
Transponder searches near the terminus of the Lied Glacier were negative. No external 
reports of the recovery of the capsule have been received.  

Geophysical 
There was no discernible emission from Mawson Peak, so it is assumed that no eruption 

was in progress. The most recent eruption was in August 2038, but it was brief and did not 
result in extensive lava release. 

Hydrological 
Baudissin Glacier continues to retreat. The terminus is now about 190 m from the 

nominal waterline.  
Biological 
An increase of about 10% of castoff kelp was documented in Atlas Roads. 
Crops of newly sprouting plants were found on land deglaciated since last year. All these 

were native to Heard Island and were not disturbed. 
Three previously unobserved plants were documented, two were apparently aliens from 

Kerguelen and one from South Georgia.  
A flightless beetle, Merizodus soledadinus, was observed for the first time on Laurens 

Peninsula, apparently having been radiated from Kerguelen Island. This beetle originated 
from the Falkland Islands. Human activities may have facilitated the expansion of its range. 

Several mice were found living in oceanic debris, e.g., boat fenders and tires. Poison 
traps were left in the sites at which the mice were observed. 

Environmental 
No record of oceanic debris was made. No specimens were collected since the lab is no 

longer able to process them It is assumed that there was no change in the composition of 
meltwater runoff, so no water samples were taken. 

Records 
A copy of this summary was left in the Visitor Log on Heard Island. 
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The next Millennium (Year AD 3021) 
 

Dovers Moraine 

 
Until the late 1900s, Dovers Moraine was almost completely bordered on three sides by the Stephenson 

Glacier. FIG. 36.14 shows projections of the Spit area for four significant years.  

 
 2021 Stephenson Glacier melts, Stephenson Lagoon held by terminal moraine barriers. 
 2031 Destruction of the Stephenson Lagoon barriers converts Dovers Moraine to an island. 
 2121 The Dovers Moraine Island showing significant erosion. The Spit is gone. 
 3021 Dovers Moraine island totally washed away. 

 

 
FIG. 36.14 Plausible evolution of Dovers Moraine over a thousand years. The relentless attack of the sea will 

completely obliterate the Spit, including all of Dovers Moraine. 
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Predictions 

 
The conventional Story of Mankind: The rise from early primates through hominids, evolution into 

Sapiens, Builders of Cities, Inventors of Machines, and eventually Masters of the World. But Stephen 

Hawking has been quoted as saying that humans can live for only another 1000 years. If this claim is true, it’s 

in contrast with hundreds of futurists who make a (sometimes) good living prognosticating. According to 

Wikipedia: 

 
Modern futurists include such disparate lay, professional, and academic groups as 

visionaries, foresight consultants, corporate strategists, policy analysts, cultural critics, 
planners, marketers, forecasters, prediction market developers, road mappers, operations 
researchers, investment managers, actuaries, and other risk analyzers, and future-oriented 
individuals educated in every academic discipline, including anthropology, complexity 
studies, computer science, economics, engineering, urban design, evolutionary biology, 
history, management, mathematics, philosophy, physical sciences, political science, 
psychology, sociology, systems theory, technology studies, trend analysis, and other 
disciplines. 

 
The Futurists create a river of ideas, some sensible, some silly. One common theme refers to aging: Death 

itself will be almost eliminated by modern medicine. Another theme is that the Earth will (soon) become so 

hot as to be uninhabitable. Still another theme is the merging of humans with machines, and the eventual 

obsolescence of humans altogether, leaving the world in the “hands” of the machines. The (failed) 2018 film 

Mortal Engines presents a retrograde view of life in the early 3000s. We don’t know whether Mankind will 

wither due to lethal heating of the Earth, be eliminated by machines, or struggle on as near-feral tribes, but 

one thing is sure: Mankind as we know it has no long-term future.  

This author has found one of the visionaries, Jay Bazzinotti, to be interesting: his ideas about life in the 

Next Millennium seem sensible, likely, and in accord with current biases. The following list started with some 

of Bazzinotti’s prophecies for 1000 years from now. It was somewhat edited and put into the present tense: 

 
Predictions for 1000 years from now 

 All manufacturing only produces replacement parts for existing units. 
 Everyone participates in virtual reality programming for nine hours each day. 
 Life is completely controlled, monitored, and [enabled] by machines. 
 Machines do all the manual labor. 
 Personal homes are cubicles with an area of about 16 m

2.
 

 Physical life is extremely drab and boring. 
 Religious practice is illegal, and illogical beliefs are treated as illness. 
 There are only about 100 million people on the planet. 
 There are permanent colonies on Mars and the Moon built and maintained by robots, 

but there is no physical travel between them. 
 There is no privacy whatever. Sensors record everything continuously, including 

location, actions, bodily functions, and brain waves. 
 Travel is essentially nonexistent; consciousness is transported virtually. 
 Work consists of creative thought in conjunction with machines. 

 
These items contain potential clues to what it might be like in the year 3021: not many people, not much to 

do, no need to be anywhere in person, your personal machine is your closest friend. The world of 3021 offers 

almost no incentive and no reward for visiting Heard Island. Remote islands are ignored– they have nothing 

much of value, and they are far beyond the threshold for going there. Heard Island, and most of the other 

islands of the world, are ignored as being irrelevant; unreachable, unworthy of effort, and unknown.  

 
  

https://www.quora.com/profile/Jay-Bazzinotti
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News Updates 

 
There were no News Updates from this year. The immediate status of the island is 

largely unknown, although there are a few satellites that continue to monitor its shrinkage 
due to surf erosion. A Report was generated based on a handwritten document forwarded 
to WOTA, but there is no independent confirmation of its authenticity.  

 

Report to the World Oceanic Territories Administration (WOTA) 

 

 
DISCLAIMER 

 

The following document was received at the office of the World Oceanic Territories 

Administration in Washington, D. C., on 12 May 3021. It was delivered in person by a Mr. 

Philip Tomlison, who claimed he received it from a sailor named Aari Baylen-Smyith, who 

in turn had claimed to have written it in the year 3021. While these claims cannot be 

substantiated, the document was accessioned into the WOTA archives. In the absence of 

further validation, it is tentatively dated January 3021, and reproduced herein as a 

holograph. 

 

[Note:Theunit“newkm”isabout0.8oftheclassickilometer“km”] 

 

 
A projected Report to the WOTA for the year 3021 is provided here:  

 

 
FIG. 36.15 (Projected) Report of the Heard Island Group to the World Oceanic Territories Administration 

(WOTA) 3021 

  

https://en.wikipedia.org/wiki/Marc-Joseph_Marion_du_Fresne
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Year 3021 AD Report to the World Oceanic  
Territories Administration (WOTA) 

 
FIG. 36.16 Photocopy of the “Heard Island Report for the Year 3021” 
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The next Millionium (Year AD 1,002,021) 
 

From the picture presented by Fox, et al., we have projected the island for several years in the future: 2021, 

2121, 3021, and 1,002,021 (FIG. 36.17). We selected these years to emphasize the rapid changes occurring in 

the present changing (warming) climate. Thus, in a mere 100 years, half of the glaciers will have disappeared. 

In a thousand years, only the higher elevations will be ice-covered. 

 

 
 

FIG. 36.17 Projection of Heard Island as seen by a satellite in the years 2021/2121/3021/1,002,021 

 
 

The following excerpt is a fictional description of the geologic future of Heard Island up to the year 1 

million. This account was written by the author. 
 
 Although Big Ben was still active in the 2000s, eruptions were far too small to produce 

any significant island-building. Eruptions ceased entirely around the year 40,000 and 
Mawson Peak was covered by a summit glacier. The continued rise of Earth’s average 
temperature caused the glaciers to retreat further: the termini were increasingly upslope 
from the shore. Mawson Peak, on the other hand, did not materially erode, due to the 
protective glacial cover.  

As an “island,” Big Ben shrank into a steep-sided monolith. Over the millennia, the 
incessant attack of the surf ate away at the shoreline, which was converted to low-slope 
gravel deposits. Some isolated reefs remained from formerly high cliffs.  

By the year 1,000,000, Heard Island was about 2 km across, and still more than 2000 m 
high. Only the tip of Mawson Peak had any significant glacial cover.  
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Future human history 
 

Some things are reasonably predictable for the far distant future. According to Wikipedia’s “Timeline of 

the Far Future,” a few of these “Events” are shown in Table 36.1.  

 
Table 36.1 Some events in the far future 

Year(s) Events 

50,000 
The current interglacial period will end, sending the Earth back into a glacial 

period, regardless of the effects of anthropogenic global warming. Niagara 
Falls will have completely eroded away. 

100,000 
Ten percent of anthropogenic carbon dioxide will still remain in a stabilized 

atmosphere 

250,000 
Lōihi, the youngest volcano in the Hawaiian–Emperor seamount chain, will rise 

above the surface of the ocean and become a new volcanic island. 

500,000 
Earth will likely have been hit by an asteroid of roughly 1 km in diameter, 

assuming that it cannot be averted. 

1 million Meteor Crater will have eroded away. 

2 million 
Estimated time for the recovery of coral reef ecosystems from human-caused 

ocean acidification. 

 
Predicting the status of humans forward a million years is considerably more challenging. In 2017 National 

Geographic produced a six-part television series entitled “Year Million.” The first four parts of this series 

examine predictions for Homo sapiens. Table 36.2 gives summaries of these episodes. 

 
Table 36.2 Four episodes from National Geographic “Year Million” 

Episode Summaries 

1 
Artificial intelligence will become indistinguishable from human intelligence. AI 

beings are [either] our essential collaborators or a threat to human value and life.  

2 
Humans move beyond treating individual diseases and instead treat the aging 

process itself. The dramatically protracted life changes all aspects of human life. 

3 
Virtual technologies from world-building platforms produce more and more human 

activity transferred to virtual spaces; people have profound experiences and 
transforming the way society sees itself and functions. 

4 
Constant connectivity changes the role of privacy. Neural prosthetics help create 

seamless connections to all other individuals and to central processors.  

 
The Year Million series assumes that human society will continue to exist, develop, and stabilize, but that 

is certainly not guaranteed. It’s easy to imagine what could go wrong with this scenario: 

 
 A social war destroys all political institutions, converting humans to ferals. 
 Natural resources such as water and soil run out, leaving humans without sustenance. 
 A viral pandemic kills all humans. Most plants and some tiny animals survive. 
 Earth’s temperature soars above 50°C, causing loss of all food and human extinction. 
 Impact of a 50 km asteroid causes extinction of all life on Earth. 

 
Given the fragility of humans and their society, we choose to assume that in the year 1,002,021 there will 

be no humans. Rather, there will be machines: self-supporting, self-reproducing, systems. The really big, solid 

objects like volcanoes, mountains, rocks, oceans, deserts and islands, will still exist. Geology, physics, 

materials science, engineering, manufacturing, and related studies will still be taught in schools, but the 

teachers and the students in those schools will be neural networks, smart matter, high density electronics, and 

autonomous software. There will be no carbon-based organisms that have high intelligence, mobility, and 

tool-usage that we take for granted in Homo sapiens. The bones of our contemporaries will lie in museums 

tended by computer-controlled mechanisms that carry out preservation, analyses, and observations recorded 

in the cumulative reference files.   
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The following excerpt is a fictional description of the Heard Island operations in the year 1,002,021. This 

account was written by the author, attempting to simulate the status and conditions of the island. 

 
Since the year 270,228 there have been no humans on Heard Island. For thousands of 

years before that, the only visits were by scavengers illegally searching for food. Their 
intrusions were detected by automatic sensors, and autonomous drones were deployed to 
dispatch the intruders. Although the prohibition was well-known, the desperation of hunger 
drove a small number of criminals to attempt to circumvent the island controls.  

During the years 330,864 and 431,558 the permanent Heard Island Strategic Elements 
Mining Operation (HISEMO) was established, and it has operated unattended by humans 
since that time. The HISEMO consists of the Central Coordinating Complex (CCC), a large 
number of Local Processing Sites (LPS), a small population of Autonomous Mobile Vehicles 
(AMV), and a very large population of Autonomous Nyctalopial [blind in the dark] Terminals 
(ANTs) that free-range around the island to collect materials and transport them to the LPS. 
The CCC includes a Central Reproducing Facility (CRF) that performs on-demand repair, 
deactivation, and recycling of all components, including the CCC, the LPS, and the AMV, and 
generation of new ANTs. The CCC units are self-regulating, self-repairing, and self-
reproducing. The CCC is in continuous contact with the automatic central office located in 
Strahan, Tasmania.  

All components of the HISEMO are powered by geothermal converters running at 155 
°C. The converters are connected via horizontal tunnels to magma deposits around the base 
of Big Ben. The total power obtained by the entire HISEMO has been constant within 1% 
since the year 436,997, when self-evolving regulators were developed on the island and 
brought online.  

 
FIG. 36.18 Schematic of the ANT 

 
The ANTs are organic (carbon-based) machines that are 

based on the ancient “ant,” which was a biological insect 
that was pan-world until the year 6768, when they were 
defined as a threat and were genetically eliminated. It is 
estimated that there are more than 1000 ANTs on Heard 
Island, but the number fluctuates. Each ANT is 10 newmm 
long [1 newmm=0.8 classic mm]. The ANT can be genetically 
programmed for any defined task, but by far the majority of 
them are programmed to locate micro-grains of strategic 
materials, e.g., grains containing 

75
Ge, 

76
As, 

77
Se, 

79
Se, and 

83
Sr.  

Another set of mobile units are the Autonomous Mesmorphic Vehicles (AMV). These 
units are about 2 newm long and have the capability to move to any location on the island, 
collect and deliver materials, and provide for security should the CCC detect intrusion by any 
unauthorized entity.  

Organic materials are grown in incubators to use as raw materials for building high-
density electronics. The materials are synthesized from raw chemicals (carbon, hydrogen, 
nitrogen, and trace elements) that are obtained at the CCC processing facility. Electronics are 
implemented using nanoelectronic components. The basic unit of information is the 
multifunction, which is hybrid analog/digital. The per-unit-volume processing capability of 
these materials is more than 10 million times that of the ancient digital computers. These 
components are used for analysis and control, managing the fleet of ANTs, and analysis of 
the large number of sensors on the island.  

The entire set of stationary and mobile units are electromagnetically linked directly with 
all other units. There is no central processor, but there is an algorithmic sequence in which 
the performance of the network is abstracted and evaluated at intervals. Corrections are 
made by service modules.  

 

  

file:///L:/PICs_Chapter_36_The_Future/FIG. 36.18 ANT.jpg


 

Chapter 36 THE FUTURE ⃝ Page 849 

There was no news direct from Heard Island since the previous expedition in 1,001,021. 
The data stream from the UCPA System has continued without interruption. No events of 
any significance have been recorded, and the processes being carried out by the system 
have continued without change over the past 600k years. Volcanic eruptions are prevented 
by geo-engineering. 

 
Statistics of the past 1000 years:   

Number of volcanic eruptions 0  
No. strategic elements recovered and processed 26  
Number of events, including incursions 129  
Average power generated   1000 kW 
Total energy generated 3x1015  J 

   

 

 

Report to the Universal Combined PanGalactic Archive (UCPGA) 

 
A token 1,002,021 Report to the UCPGA is provided here. This report was automatically generated.  

 

 
FIG. 36.19 (Projected) report of the Heard Island Expedition Group to the Universal Combined PanGalactic 

Archive (UCPGA) for the year 1,002,021 

  

file:///L:/PICs_Chapter_36_The_Future/FIG. 36.19 1002021.jpg


 

Chapter 36 THE FUTURE ⃝ Page 850 

 

Report to the 

Universal Combined Pan-Galactic Archive (UCPA) on the 

Heard Island Update and Documentation Expedition for the Year AD 1,002,021 

 

 
Summary 
This Report is a summary of the operations and results of the visit to Heard Island, located at 53.1 °S, 

73.5 °E., during January and July, 1,002,021.  
The report has been automatically generated by the UCPA System. The visit was carried out by the 

autonomous oceanic vehicle UV-856 carrying the full inventory of sensor-equipped UAVs for aerial and 
terrestrial surveillance and sampling and interacting with the residents of the island. All documentation was 
done by autonomous agents, drones, permanently emplaced sensors, and biodegradable scatter sensors. 

This project was carried out under the authority of the (UCPA). 
 
Fieldwork 
Among other functions, the following tasks were completed during this cycle: 
 The status of all units was examined, including downloading complete records since the last visit.  
 The amount of organic material was assessed, and adjustments were made in the managing units. 

Basic tests were made on the cognitive human brain matter to confirm that the material was 
operating within tolerances. 

 All sensors and processors were recalibrated, and any units outside the prescribed limits of 
performance were replaced with new units. Eighty-two expired local sensors were replaced 
with new sensors.  

 Samples and specimens were recovered from all mobile units that had made collections. 248 liters 
of unknown organics were harvested. 

 
Discoveries 
 Newly established colony of Emperor Penguins 
 Newly Invasive plants Ghiophillia suropsis, Vassinela noristoma 
 Extensive thermophilic colonies of organisms on Mawson Peak 

 
Deliveries 
The following items were delivered to the island: 
 10 new mobile field units 
 4 Replacement Unigas compressors 
 263 kg  Organic solids 
 692 l High-density organic liquids 
 40,000 l  Type 6 antibacterial/biocidal foam 
 800 kg  Aluminum, assortment of rod, plate, sheet, tube, ingots 
 150 kg  Plastic sheet, various thicknesses 
 1000 l  Propane gas (compressed) 
 22 kg C

14
 to be used as isotopic tracer in biological analyses 

 Package #5 Spare parts: rotors, rectifiers, LED lights, hookup wire, etc. 
 

Records 
The complete Report for the year 1,002,021 is with the UCPA Partition 2145501, Section 

2048865, Cell 8537511363. 
 

Future 
The next UCPGA report for Heard Island is scheduled for 1 Jan 1,003,021 A.D. 
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APPENDIX – ONLINE RESOURCES 
 

The Australian Antarctic Division 
 

The Australian Antarctic Division (AAD) is the governmental agency with the authority and 

responsibility to manage all of Australia’s Antarctic resources, including Heard Island. It has overall 

responsibility for the Australian Antarctic Program. Its website URL is https://jobs.antarctica.gov.au/. The 

AAD set requirements for permits to visit Heard Island, for onsite monitoring of those visits, and for 

reporting on them. The AAD maintains a comprehensive library of documents and artifacts from Heard 

Island. Staff, facilities, and resources are physically located in the AAD HQ in Kingston, near Hobart, 

Tasmania. The following website image is archived on the AAD main website. 

 

 
FIG. A.1 An archived AAD website 

  

https://jobs.antarctica.gov.au/
file:///L:/PICs_D_Back_Matter/FIG. B.1 image1385.jpg
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The Australian Antarctic Data Center (AADC) 
 

The main repository and source of information about Heard Island is the Australian Antarctic Data 

Center (AADC). It’s website URL is https://data.aad.gov.au/. A considerable amount of the information 

in this book was obtained from the AADC. However, this book by no means exhausts the material 

available the AADC, so the reader is encouraged to do his own exploration of Heard Island through the 

resources of the AADC.  

 

 
FIG. A.2 The AADC website 

 
  

https://data.aad.gov.au/
file:///L:/PICs_D_Back_Matter/FIG. B.2 AADC.jpg


 

FIGURE CREDITS ⃝ Page 863   

Acronyms and abbreviations 
 

Common acronyms 

 
Table A.1 Common acronyms relating to Heard Island 

AAD Australian Antarctic Division 

AADC Australian Antarctic Data Centre 

AAT Australian Antarctic Territory 

AET Australian External Territory 

ANARE Australian National Antarctic Research Expedition 

BANZARE British And New Zealand Antarctic Research Expedition. 

EEZ Exclusive Economic Zone 

GIS Graphic Information System 

HIMI Heard Island (ad) McDonald Islands 

NASA (U.S.) National Aeronautics and Atmospheric Administration 

NOAA (U.S.) National Oceanic and Atmospheric Administration 

NSF (U.S.) National Science Foundation 

UAV Unmanned Autonomous Vehicle 

 

Environmental acronyms 

 
Table A.2 Acronyms related to environmental change 

AICP Antarctic Treaty Consultative Party https://www.ats.aq/devAS/Parties?lang=e 

ATS Antarctic Treaty System https://en.wikipedia.org/wiki/Antarctic_Treaty_System 

IGY International Geophysical Year https://en.wikipedia.org/wiki/International_Geophysical_Year 

IPY International Polar Year https://en.wikipedia.org/wiki/International_Polar_Year 

IUU Illegal, Unreported and Unregulated https://www.fisheries.noaa.gov/insight/understanding-illegal-
unreported-and-unregulated-fishing 

LAC Limits of Acceptable Change https://winapps.umt.edu/winapps/media2/wilderness/toolboxes/docum
ents/planning/planning%20-%20LAC%20handbook.pdf 

MSY Maximum Sustainable Yield https://en.wikipedia.org/wiki/Maximum_sustainable_yield 

NAP National Antarctic Program https://en.wikipedia.org/wiki/National_Antarctic_Program 

NGO Non-Governmental Organization https://en.wikipedia.org/wiki/Non-governmental_organization 

PAH Polycyclic Aromatic Hydrocarbons https://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbon 

PBDE PolyBrominated DiphenylEther https://en.wikipedia.org/wiki/Polybrominated_diphenyl_ethers 

PCB PolyChlorinated Biphenyls https://en.wikipedia.org/wiki/Polychlorinated_biphenyl 

SEA Strategic Environmental Assessment  

SOE State of the Environment https://en.wikipedia.org/wiki/State_of_the_Environment 

SOS Southern Ocean Sanctuary https://en.wikipedia.org/wiki/Southern_Ocean_Whale_Sanctuary 

SSMU Small-Scale Management Unit https://data.ccamlr.org/dataset/small-scale-management-units 

TIC Total Inorganic Carbon https://en.wikipedia.org/wiki/Total_inorganic_carbon 

TOC Total Organic Carbon https://en.wikipedia.org/wiki/Total_organic_carbon 

TPH Total Petroleum Hydrocarbons https://en.wikipedia.org/wiki/Total_petroleum_hydrocarbon 

 

Environment, Conservation, Education, Regulation, and Other 

 
The number of organizations concerned with the environment, climate change, and research is 

bewildering. The following tables list more than 250 organizations involved with issues related to the 

environment, conservation, education, regulation, and other specialties, most of which are intimately 

concerned with change. 

 
Table A.3 Environmental and climate change organizations 

AAD Australian Antarctic Division http://www.antarctica.gov.au/ 

AADC Australian Antarctic Data Centre https://data.aad.gov.au/ 

AAE Australasian Antarctic Expedition 1911-1914  https://en.wikipedia.org/wiki/Australasian_Antarcti
c_Expedition 

AAT Australian Antarctic Territory https://www.antarctica.gov.au/about-
antarctica/australia-in-antarctica/australian-
antarctic-territory/ 

https://www.ats.aq/devAS/Parties?lang=e
https://en.wikipedia.org/wiki/Antarctic_Treaty_System
https://en.wikipedia.org/wiki/International_Geophysical_Year
https://en.wikipedia.org/wiki/International_Polar_Year
https://www.fisheries.noaa.gov/insight/understanding-illegal-unreported-and-unregulated-fishing
https://www.fisheries.noaa.gov/insight/understanding-illegal-unreported-and-unregulated-fishing
https://winapps.umt.edu/winapps/media2/wilderness/toolboxes/documents/planning/planning%20-%20LAC%20handbook.pdf
https://winapps.umt.edu/winapps/media2/wilderness/toolboxes/documents/planning/planning%20-%20LAC%20handbook.pdf
https://en.wikipedia.org/wiki/Maximum_sustainable_yield
https://en.wikipedia.org/wiki/National_Antarctic_Program
https://en.wikipedia.org/wiki/Non-governmental_organization
https://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbon
https://en.wikipedia.org/wiki/Polybrominated_diphenyl_ethers
https://en.wikipedia.org/wiki/Polychlorinated_biphenyl
https://en.wikipedia.org/wiki/State_of_the_Environment
https://en.wikipedia.org/wiki/Southern_Ocean_Whale_Sanctuary
https://data.ccamlr.org/dataset/small-scale-management-units
https://en.wikipedia.org/wiki/Total_inorganic_carbon
https://en.wikipedia.org/wiki/Total_organic_carbon
https://en.wikipedia.org/wiki/Total_petroleum_hydrocarbon
http://www.antarctica.gov.au/
https://data.aad.gov.au/
https://en.wikipedia.org/wiki/Australasian_Antarctic_Expedition
https://en.wikipedia.org/wiki/Australasian_Antarctic_Expedition
https://www.antarctica.gov.au/about-antarctica/australia-in-antarctica/australian-antarctic-territory/
https://www.antarctica.gov.au/about-antarctica/australia-in-antarctica/australian-antarctic-territory/
https://www.antarctica.gov.au/about-antarctica/australia-in-antarctica/australian-antarctic-territory/
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ACE CRC Antarctic Climate & Ecosystems Cooperative Research Centre http://acecrc.org.au/ 

AMD Antarctic Master Directory (Part of SCAR) https://www.scar.org/data-products/antarctic-
master-directory/ 

ANARE Australian National Antarctic Research Expedition http://www.antarctica.gov.au/search/search?mode
=results&queries_content_query=anare&x=0&y=0 

ANDS Australian National Data Service https://www.ands.org.au/ 

ANPWS Australian National Parks and Wildlife Service https://en.wikipedia.org/wiki/National_Parks_and_
Wildlife_Service_(New_South_Wales) 

AntClim21 Antarctic Climate Change in the 21st Century (SCAR) https://www.scar.org/science/antclim21/about/ 

AOSIS Alliance of Small Island States https://www.aosis.org/home/ 

ARGO Name of buoys deployed by the Woods Hole Oceanographic 
Institute (WHOI) 

http://argo.whoi.edu/wmo/ 

ARRL American Radio Relay League http://www.arrl.org/home 

AUSGIN Australian Geoscience Information Network http://www.geoscience.gov.au/ 

BANZARE British, Australian and New Zealand Antarctic Research 
Expedition 1929-1931 - visited Cape Denison 1931  

http://www.antarctica.gov.au/about-
antarctica/history/exploration-and-
expeditions/banzare-1929-31 

BAS British Antarctic Survey https://www.bas.ac.uk/ 

BIP Biodiversity Indicators Partnership https://www.bipindicators.net/ 

CAASM Catalogue of Australian Antarctic and Subantarctic Metadata https://gcmd.nasa.gov/KeywordSearch/Home.do?P
ortal=amd_au&MetadataType=0 

CAML Census of Antarctic Marine Life http://www.coml.org/census-antarctic-marine-life-
caml/ 

CBD Convention on Biological Diversity https://www.cbd.int/ 

CCAMLR Convention for the Conservation of Antarctic Marine Living 
Resources 

https://www.ccamlr.org/en/organisation/home-
page 

CCAS Convention for the Conservation of Antarctic Seals https://www.bas.ac.uk/about/antarctica/the-
antarctic-treaty/convention-for-the-conservation-
of-antarctic-seals-1972/ 

CC-BY The Creative Commons license of the OASPA https://oaspa.org/why-cc-by/ 

CCI Climate Chante Institute (Univ. Maine) https://climatechange.umaine.edu/ 

CEMP CCAMLR Ecosystem Monitoring Programme https://www.ccamlr.org/en/science/ccamlr-
ecosystem-monitoring-program-cemp 

CEP Committee for Environmental Protection https://www.ats.aq/e/committee.html 

CIMAS Cooperative Institute for Marine and Atmospheric Studies https://en.wikipedia.org/wiki/Cooperative_Institut
e_for_Marine_and_Atmos._Studies 

CITES Conv. on Internat. Trade in Endangered Species of Wild Fauna 
and Flora 

https://cites.org/eng/disc/what.php 

CLIVAR Climate and Ocean - Variability, Predictability, and Change https://www.clivar.org/ 

CMS Convention on Migratory Species of Wild Animals https://www.cms.int/ 

COMNAP Council of Managers of National Antarctic Programs https://www.comnap.aq/ 

CRAMRA Convention on the Regulation of Antarctic Mineral Resource 
Activities 

https://www.mfat.govt.nz/en/about-us/who-we-
are/treaties/convention-on-the-regulation-of-
antarctic-mineral-resource-activities/ 

CSIRO Commonwealth Scientific and Industrial Research Organisation https://www.csiro.au/ 

DBCP Data Buoy Cooperation Panel http://www.jcommops.org/dbcp/ 

DCI Data Citation Index https://www.sris.com.tw/download/dci_fs_en.pdf 

DMIT NOAA Data Management Integration Team (DMIT). https://upwell.pfeg.noaa.gov/erddap/index.html 

DROMLAN Dronning Maud Land Air Network https://en.wikipedia.org/wiki/DROMLAN#:~:text=D
ronning%20Maud%20Land%20Air%20Network,logi
stics%20service%20to%20reduce%20costs. 

ERDDAP A data server that gives you a simple, consistent way to 
download subsets of scientific datasets in common file formats 
and make graphs and maps 

https://coastwatch.pfeg.noaa.gov/erddap/index.ht
ml 

GBIF Global Biodiversity Information Facility https://www.gbif.org/en/what-is-gbif 

GCMD Global Change Master Directory https://gcmd.nasa.gov/ 

GDP Global Drifter Program https://en.wikipedia.org/wiki/Global_Drifter_Progr
am 

GEO-IDE the NOAA Global Earth Observation - Integrated Data 
Environment initiative 

https://upwell.pfeg.noaa.gov/erddap/index.html 

HIGP Hawaii Institute of Geophysics and Planetology https://www.higp.hawaii.edu/ 

IAATO International Association of Antarctica Tour Operators https://iaato.org/ 

ICED International Consortium for Educational Development https://icedonline.net/ 

ICJ International Court of Justice https://www.icj-cij.org/en 

ICRW International Convention for the Regulation of Whaling https://legal.un.org/avl/ha/icrw/icrw.html 

ICSU International Council for Science http://www.interacademies.org/ICSU.aspx 

IF Islands First https://en.wikipedia.org/wiki/Islands_First 

IMAS Institute for Marine and Antarctic Sciences https://www.imas.utas.edu.au/ 
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IMO International Maritime Organization https://www.imo.org/ 

IOC Intergovernmental Oceanographic Commission of UNESCO http://ioc.unesco.org/ 

IODP International Ocean Discovery Program http://www.iodp.org/ 

IPCC Intergovernmental Panel on Climate Change https://www.ipcc.ch/ 

IPEV Institut Polaire Francais https://www.institut-polaire.fr/language/en/ 

IPF International Polar Foundation http://www.polarfoundation.org/ 

ISAS International Council of Scientific Unions  

ISO International Organization for Standardization https://www.iso.org/home.html 

IUCN International Union for the Conservation of Nature https://www.iucn.org/ 

IWC International Whaling Commission https://iwc.int/home 

JCOMM Joint WMO-IOC Technical Commission for Oceanography and 
Marine Meteorology 

http://www.jcomm.info/ 

MAB Man and the Biosphere program established by UNESCO https://en.unesco.org/mab 

MARPOL International Convention for the Prevention of Pollution from 
Ships 

https://www.amsa.gov.au/marine-
environment/marine-pollution/marpol-and-its-
implementation-australia 

MEA Millennium Ecosystem Assessment https://www.millenniumassessment.org/en/index.
html 

NATMAP Division of National Mapping of the National Mapping Council 
(also see XNATMAP) 

https://www.xnatmap.org/adnm/nmc_dnm/index.
htm 

NCRIS National Collaborative Research Infrastructure Strategy https://www.bulletpoint.com.au/ncris/ 

NERP National Environmental Research Program http://www.environment.gov.au/science/nerp 

NOAA U. S. National Oceanic and Atmospheric Administration https://www.noaa.gov/ 

NOAA/AOML NOAA Atlantic Oceanographic and Meteorological Laboratory https://www.aoml.noaa.gov/phod/people/lumpkin
/# 

NOAA/AOML/
PhOD 

NOAA/AOML Physical Oceanography Division https://www.aoml.noaa.gov/phod/staff.php 

NSF National Science Foundation https://www.nsf.gov/ 

OASPA Open Access Scholarly Publishers Association https://oaspa.org/why-cc-by/ 

OBIS Global Biodiversity Information Facility https://obis.org/ 

ONERC Obervatoire National sur les Effets du Rechauffement 
Climatuque 

https://journals.openedition.org/tem/2189 

OZCoasts OzCoasts provides comprehensive information about 
Australia's coast 

https://ozcoasts.org.au/ 

PAIS Past Antarctic Ice Sheet Dynamics (SCAR) https://www.scar.org/science/pais/about/ 

PRISM Polar Radad for Ice Sheet Measurements http://www.ku-prism.org/ 

PSC Polar Science Center http://psc.apl.uw.edu/ 

QGIS Open-source cross-platform desktop geographic information 
system (GIS) application 

https://qgis.org/en/site/ 

RST Royal Society Tasmania https://rst.org.au/ 

SCAR Scientific Committee on Antarctic Research, part of the 
International Council for Science (ICSU) 

https://www.scar.org/ 

SCOR Scientific Committee on Ocean Research https://scor-int.org/ 

SIDS Small Island Developing States https://en.wikipedia.org/wiki/Small_Island_Develo
ping_States 

SSAC-SCAR Social Sciences Action Group of the Scientific Committee on 
Antarctic Research 

https://www.scar.org/science/hass/about/ 

TAAF Terrer Australes et Antarctiques Francaises https://taaf.fr/en/https://taaf.fr/en/ 

UAF Unified Access Framework. A NOAA-wide effort to develop a 
gridded dataset integration capability 

https://upwell.pfeg.noaa.gov/erddap/index.html 

UNCLOS United Nations Convention on the Law of the Sea https://www.iucn.org/theme/marine-and-
polar/our-work/international-ocean-
governance/unclos 

UNEP United Nations Environment Programme https://www.unep.org/ 

UNESCO United Nations Educational Scientific and Cultural Organization https://en.unesco.org/ 

UNFCCC United Nations Framework Convention on Climate Change 
Organization 

https://unfccc.int/ 

USAP United States Antarctic Program (part of the NSF) https://www.usap.gov/ 

UTas University of Tasmania https://www.utas.edu.au/ 

WCRP World Climate Research Programme https://www.wcrp-climate.org/ 

WMO World Meteorological Organization https://public.wmo.int/en 

XNATMAP A site for preserving NATMAP's (The Division of National 
Mapping) history 

https://www.xnatmap.org/ 
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“A Functional Biogeography of the Antarctic” (AFBA) partners 

 
Table A.4 Cooperating organizations in the AFBA (A Functional Biogeography of the Antarctic) 

AFBA A Functional Biogeography of the Antarctic https://www.afba.com/ 

ANU Australian National University https://www.anu.edu.au/ 

Aotearoa New Zealand Barcode of Life https://www.waikato.ac.nz/eri/NZBOL  

BAS British Antarctic Survey https://www.bas.ac.uk/ 

CIB South Africa National Research Foundation https://www.nrf.ac.za/ 

CNRS French National Centre for Scientific Research https://www.cnrs.fr/  

CSIRO Commonwealth Scient. and Indust. Research Org. https://www.csiro.au/ 

CU Cardiff University https://www.cardiff.ac.uk/ 

DCTPA Department of Conservation of Te Papa Atawbai https://www.doc.govt.nz/ 

EPA Swiss Polar Institute https://swisspolar.ch/  

ER Ecobio Rennes https://ecobio.univ-rennes1.fr/  

GSA Government of South Australia https://www.sa.gov.au/ 

IEB Instituto de Ecologia y Biodiversidad https://ieb-chile.cl/  

INRAE French Natl. Res. Inst. for Agric., Food, and Environ. https://www.inrae.fr/en 

IPEV Institut Polaire Francais https://www.institut-polaire.fr/language/en/ 

IUCN International Union for Conservation of Nature https://www.iucn.org/ 

LCR Landcare Research https://www.landcareresearch.co.nz/  

MNHN National D’Historie Naturale https://www.mnhn.fr/en 

MU Monash University https://www.monash.edu/ 

NERC North American Electric Reliability Corporation https://www.nerc.com/Pages/default.aspx  

SAM South Australian Museum https://www.samuseum.sa.gov.au/ 

UC University of Cambridge https://www.cam.ac.uk/ 

UCh University of Chile https://www.uchile.cl/english 

UH University of Hull https://www.hull.ac.uk/ 

UIR Universite de Rennes https://www.univ-rennes1.fr/ 

UJ University of Johannesburg https://www.uj.ac.za/about 

UK University of Kentucky http://www.uky.edu/ 

UM Universidad de Magallanes http://www.umag.cl/en/ 

UQ University of Queensland https://www.uq.edu.au/ 

US University Stellenbosch http://www.sun.ac.za/english 

UW University of Waikato https://www.waikato.ac.nz/ 

ZA Zone Atelier https://zaantarctique.org/  

ZSM Bavarian State Collection of Zoology https://www.zsm.mwn.de/?lang=en 

 

Centers for Environmental Information 

 
Table A.5 Centers for Environmental Information 

CEOS Committee on Earth Observation Satellites https://ceos.org/ 

GCOS Global Climate Observing System https://gcos.wmo.int/ 

GEO Group on Earth Observations https://earthobservations.org/index.p 

GEOSS Global Earth Observation System of Systems https://earthobservations.org/geoss.php 

GOOS Global Ocean Observation System https://www.goosocean.org/ 

ISC International Science Council https://council.science/ 

IPCC Intergovernmental Panel on Climate Change https://www.ipcc.ch/ 

WMO World Meteorological Organization https://public.wmo.int/en 

 

Artifacts 

 
Table A.6 Numbers of artifacts in the Australian Antarctic Data Center 

1855 1880  PRE-AAE Those, generally unidentified sealers that operated on Heard Island in the late nineteenth 
century, approximately between 1855 1880 

25 

1911-1914  AAE Australasian Antarctic Expedition 544 

1929-1931  BANZARE British, Australian and New Zealand Antarctic Research Expedition - visited Cape Denison 9 

1947-1955  ANARE Australian National Antarctic Research Expeditions 602 

1956+  OST-ANARE All visits post-dating ANARE 12 
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Australian National Data Service (ANDS) 

 
The Australian National Data Service (ANDS) is a partnership led by Monash University, working in 

collaboration with the Australian National University (ANU) and the Commonwealth Scientific and 

Industrial Research Organisation (CSIRO). It is funded by the Australian Government through the 

National Collaborative Research Infrastructure Strategy (NCRIS). Source: Australian National Data 

Service. 

 
Table A.7 Partners with the Australian National Data Service 

 NCRIS data-intensive partners  Research institutions 

ALA Atlas of Living Australia  ACU Australian Catholic University 

AMMRF Australian Microscopy & Microanalysis Research Facility  ANU Australian National University 

APP Australian Plant Phenomics  BU Bond University 

AS Australian Synchrotron CDU Charles Darwin University 

AURIN Australian Urban Research Infrastructure Network  CQU Central Queensland University 

AUSDP AuScope  CSIRO CSIRO 

BA Bioplatforms Australia  CSU Charles Sturt University 

IMOS Integrated Marine Observing System  CUT Curtin University of Technology 

NIF National Imaging Facility DU Deakin University 

PHRN Population Health Research Network  ECU Edith Cowan University 
TERN Terrestrial Ecosystem Research Network  FU Flinders University 

 High performance computing FUA Federation University Australia 

ERSA eRSA (eResearch SA) GU Griffith University 

INSW Intersect (NSW) JCU James Cook University 

NCI NCI (ACT) LTU La Trobe University 

PC Pawsey Centre (WA) MOU Monash University 

QCIF Queensland Cyber Infrastructure Foundation MU Macquarie University 
TPAC Tasmanian Partnership for Advanced Computing MUU Murdoch University 

 Federal QUT Queensland University of Technology 

AAD Australian Antarctic Division RMITU RMIT University 

ABS Australian Bureau of Statistics SCU Southern Cross University 

AIHW Australian Institute of Health and Welfare SUT Swinburne University of Technology 

ANSTO Australian Nuclear Science and Technology Organisation UA University of Adelaide 

ARC Australian Research Council UC University of Canberra 

BM Bureau of Meteorology UM University of Melbourne 

CSIRO DP CSIRO Data Portal UN University of Newcastle 

DATA data.gov.au (Federal and State) UND University of Notre Dame 

GA Geoscience Australia UNE University of New England 

MDBA Murray Darling Basin Authority UNSW University of New South Wales 

NAA National Archives of Australia UQ University of Queensland 

NHMRC National Health and Medical Research Council US University of Sydney 

NLA National Library of Australia USA University of South Australia 
PMC Department of Prime Minister and Cabinet USC University of Sunshine Coast 

 State USQ University of Southern Queensland 

LSC Life Science Computation UT University of Tasmania 

PROV Public Record Office Victoria UTS University of Technology, Sydney 

QDE Queensland Department of Employment UW University of Wollongong 
QFAB Queensland Facility for Advanced Bioinformatics UWA University of Western Australia 

 Cultural VU Victoria University 

ALII Australasian Legal Information Institute WSU Western Sydney University 

AUSL AustLit   

AUSS AusStage   

MA Museums Australia   
PM Powerhouse Museum   
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Additional environmental organizations 

 
Table A.8 Additional environmental organizations (Source: USGS) 

2041 2041 Foundation https://www.2041foundation.org 

CDIAC Carbon Dioxide Information Analysis Center 
http://cdiac.ornl.gov/climate/snow/snow_ 
table.html 

http://cdiac.ornl.gov/climate/snow/snow_ table.html 

ESA-GLOB ESA—GlobGlacier http://www.globglacier.ch/ http://www.globglacier.ch/ 

GEOGGMS Group on Earth Observations Global Groundwater 
Monitoring System 
http://www.earthobservations.org/wa_ 
igwco_th_gw.shtml 

http://www.earthobservations.org/wa_ igwco_th_gw.shtml 

GLIMS Global Land Ice Measurements from Space  http://nsidc.org/glims/ 

GLIMS Global Land Ice Measurements from Space  http://www.glims.org/ 

GRDCD Global Runoff Data Centre Database  http://www.bafg.de/nn_267060/GRDC/ EN/Home/ 

GTN-G Global Terrestrial Network—Glaciers  http://gosic.org/gtos/ GTNet-G-data-access.htm  

GTN-RD Global Terrestrial Network— River Discharge  http://www.bafg.de/nn_298726/GRDC/ 
EN/02__Services/05__Special__DBs/ 
GTNR/gtnr__node.html?__nnn=true 

GTON Global Terrestrial Observing Network 
http://www.fao.org/gtos/gt-net.html 

http://www.fao.org/gtos/gt-net.html 

ILTER International Long Term Ecological Research  http://www.ilternet.edu/  

IPA International Permafrost Association (IPA) 
http://ipa.arcticportal.org/ 

http://ipa.arcticportal.org/ 

ISLSCP The International Satellite Land Surface 
Climatology Project II  

https://daac.ornl.gov/cgi-bin/dataset_lister.pl?p=29 

NASA-MISR NASA MISR Level 3 Albedo/Cloud Product  http://public-asdc.larc.nasa.gov/cgi-bin/ 
daacxt/LarcECSColL3Albedo.cgi 

NASA-MODIS NASA MODIS Albedo/BRDF  https://lpdaac.usgs.gov/lpdaac/products/ 
modis_products_table  

NOAA-SRN NOAA Surface Radiation Network  http://www.srrb.noaa.gov/surfrad/  

NSIDC-GMBRMA National Snow and Ice Data Center Glacier Mass 
Balance and Regime Measurements and Analysis, 
1945–2003http://nsidc.org/data/g10002.html 

http://nsidc.org/data/g10002.html 

NSIDC-WGI National Snow and Ice Data Center World Glacier 
Inventory  

http://nsidc.org/data/glacier_inventory/ index.html 

UNEP-GRID Global Resource Information Database of UNEP  http://www.grid.unep.ch/data/index.php 

WDCRSA World Data Center for Remote Sensing of the 
Atmosphere (MERIS Land Cover)  

http://wdc.dlr.de/data_products/ SURFACE/ 

WDC-RSA World Data Center for Remote Sensing of the 
Atmosphere (SEVIRI snow cover)  

http://wdc.dlr.de/data_products/ SURFACE/ 

WGMSGTN The World Glacier Monitoring Service Global 
Terrestrial Network—Glaciers within the Global 
Climate/Terrestrial Observing System 
http://www.wgms.ch/ 

http://www.wgms.ch/ 

WLN World Lakes Network  http://www.worldlakes.org/ 

WMO-HIRS WMO Hydrological Information Referral Service  http://www.wmo.int/pages/prog/hwrp/ 
INFOHYDRO/infohydro_index.html 

 
  

https://www.2041foundation.org/
http://cdiac.ornl.gov/climate/snow/snow_%20table.html
http://cdiac.ornl.gov/climate/snow/snow_%20table.html
http://cdiac.ornl.gov/climate/snow/snow_%20table.html
http://www.globglacier.ch/
http://www.globglacier.ch/
http://www.earthobservations.org/wa_%20igwco_th_gw.shtml
http://www.earthobservations.org/wa_%20igwco_th_gw.shtml
http://www.earthobservations.org/wa_%20igwco_th_gw.shtml
http://nsidc.org/glims/
http://www.glims.org/
http://www.bafg.de/nn_267060/GRDC/%20EN/Home/
http://gosic.org/gtos/%20GTNet-G-data-access.htm
http://www.bafg.de/nn_298726/GRDC/%20EN/02__Services/05__Special__DBs/%20GTNR/gtnr__node.html?__nnn=true
http://www.bafg.de/nn_298726/GRDC/%20EN/02__Services/05__Special__DBs/%20GTNR/gtnr__node.html?__nnn=true
http://www.bafg.de/nn_298726/GRDC/%20EN/02__Services/05__Special__DBs/%20GTNR/gtnr__node.html?__nnn=true
http://www.fao.org/gtos/gt-net.html
http://www.fao.org/gtos/gt-net.html
http://www.ilternet.edu/
http://ipa.arcticportal.org/
http://ipa.arcticportal.org/
https://daac.ornl.gov/cgi-bin/dataset_lister.pl?p=29
http://public-asdc.larc.nasa.gov/cgi-bin/%20daacxt/LarcECSColL3Albedo.cgi
http://public-asdc.larc.nasa.gov/cgi-bin/%20daacxt/LarcECSColL3Albedo.cgi
https://lpdaac.usgs.gov/lpdaac/products/%20modis_products_table
https://lpdaac.usgs.gov/lpdaac/products/%20modis_products_table
http://www.srrb.noaa.gov/surfrad/
http://nsidc.org/data/g10002.html
http://nsidc.org/data/g10002.html
http://nsidc.org/data/glacier_inventory/%20index.html
http://www.grid.unep.ch/data/index.php
http://wdc.dlr.de/data_products/%20SURFACE/
http://wdc.dlr.de/data_products/%20SURFACE/
http://www.wgms.ch/
http://www.wgms.ch/
http://www.worldlakes.org/
http://www.wmo.int/pages/prog/hwrp/%20INFOHYDRO/infohydro_index.html
http://www.wmo.int/pages/prog/hwrp/%20INFOHYDRO/infohydro_index.html
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FIGURE CREDITS 
 

This list contains abbreviated credits for the illustrations in the text. There are 757 figures in the text, 

containing 2158 pictures (or illustrations).  They are listed numerically by the figure number (e.g., [6.5]).  

If a figure contains more than one picture, the credits are separated by a slash “/”. Contiguous credits are 

listed with an arrow, e.g. [15.3]→[15.8]. The symbol “– – ” indicates that the source of the figure was not 

known to the author. Some of the common abbreviations are AAD, AADC, and HIMI (see Appendix). 

Cover. Google Earth.  [Rear] [Top row] Fred Belton/Google 
Earth/Gavin Marshall.  [Middle row] Fred Belton/Alan 
Cheshire/Narelle, courtesy Andy Cianchi.  [Bottom row] Robert 
Schmieder/Gavin Marshall/Gavin Marshall. [Flying cormorant] Dave 
Lloyd. 
–– – – – – – – – – – – – –  – – – – – –– – – – – – – – – –– – – – – – – – – – – – – – – – – – –  

Part 1. [Frontispiece ] Montauge Robert Schmieder 
–– – – – – – – – – – – – –  – – – – – –– – – – – – – – – –– – – – – – – – – – – – – – – – – – –  

Chapter 1.  [1.1] Courtesy Grahame Budd 2000.  [1.2]→[ 1.4] 
Google Earth 2014.  [1.5] Jodi Fox, et al.  [1.6] Dave Lloyd 2016.  
[1.7] Fred Belton 2016.  [1.8] Bill Mitchell 2016.  [1.9] Gavin 
Marshall 2016.  [1.10] Cordell Expedition Heard Island 2016.  [1.11] 
Robert Schmieder.  [1.12] Cormorant Dave Lloyd/Penguins: Alan 
Cheshire/Seal: Gavin Marshall 2016.  [1.13] Pauline English 1983.  
[1.14] Australian National Library/Alan Cheshire.  [1.15]→[1.20] 
Google Earth.  [1.21] Google Earth 2006/Cordell Expeditions 2016.  
[1.22] Arie Nugteren 1997/Eric Woehler 2000 /Francis Lynch 2002 
/Robert Schmieder 2016.  [1.23] Australian Antarctic Magazine/ 
Heard Island: Southern Ocean Sentinel/Southern Ocean Sentinel.   

Chapter 2.  [2.1] – –  .  [2.2] CSIRO 2016.  [2.3] Dominick Taylor, 
courtesy Andy Cianchi.  [2.4] Kate Kiefer/Matt Curnock.  [2.5] Matt 
Curnock.  [2.6] Google Earth.  [2.7] Google Earth Data.  [2.8] Spot 
1/Quickbird.  [2.9] Radarsat.  [2.10] Worldview-1.  [2.11]→ [2.12] 
Geoeye.  [2.13] NASA/Aqua.  [2.14] EO-1.  [2.15] Copernicus 
Sentinel.   

Chapter 3.  [3.1] – –.  [3.2] Bill’s Maps.  [3.3] Stephanie Ingle, et 
al.  [3.4] Nadine Matinelli, et al.  [3.5] U.S. National Archives.  
[3.6]→[ 3.7] Robert Schmieder 2020.  [3.8] – – (various).  [3.9] 
Drygalski, Reimer 1904.  [3.10] – – .  [3.11] HIMI Heritage 
Management Plan.  [3.12] Scholes, Fourteen Men, p. 12.  [3.13] 
National Archives of Australia, Canberra.  [3.14] Peter Lancaster 
Brown Twelve Came Back, p. 35.  [3.15] Fred Elliot 1953, Diaries, 
National Library of Australia, Canberra.  [3.16] Encyclopedia of the 
Antarctic, Volume 1/– –/– – 1998.  [3.17] Stephenson, et al., 2005. 
Truswell, et al.  [3.18]→[3.19] Fox, et al., 2021. [3.20] Kiernan and 
McConnell.  [3.21] AADC 1990. Glacier Map.  [3.22] AADC 1999. 
Glaciated Area Map.  [3.23]→[3.24] AADC 1996-87 GIS Data.  [3.25] 
Green and Woehler.  [3.26] AADC 1990. Offshore Bathymetry.  
[3.27] Woehler and Harris 2004.  [3.28] Australian Antarctic 
Division, 2001.  [3.29] AADC 2005. HIMI Management Plan.  

Chapter 4.  [4.1] Robert Schmieder and historical records.  [4.2] 
AAD Report 1980.  [4.3] – – /Courtesy Robert Headland, Scott Polar 
Research Institute.  [4.4] Harold Fletcher (?). Detail H. W. Elliott, 
after Capt. H. C. Chester.  Wikimedia Commons.  [4.5] Courtesy Joan 
Boothe.  [4.6] Sketch W. T. Peters, from Downes, courtesy of the 
New London County Historical Society.  [4.7] H. W. Elliott, after 
Capt. H. C. Chester, probably 1887.  [4.8] Details of Fig. 4.7.  
[4.9]→[ 4.10] Challenger Expedition 1874.  [4.11] – –/– – /– –   [4.12] 
Cartographic Records Division of the National Archives 135, p. 252, 
courtesy Joan Boothe 2019, MS p. 44. Chambers, 1883.  
[4.13]→[4.15] Film by David Eastman 1947.  [4.16] (both) David 
Eastman.  [4.17] Arthur Scholes Fourteen Men.  [4.18] Australian 
National Library.  [4.19] Malcolm Smith .  [4.20]→[4.22] – – .  [4.23] –
 – /G. W. Johnstone, AAD Report 1980.  [4.24] (all) RAAF HD975.  
[4.25] (all) Courtesy Grahame Budd  [4.26] – –/– –  .  [4.27] Peter 
Lancaster Brown, Twelve Came Back.  [4.28] – – .  [4.29] Cross: Frank 
Gibbney Diary/Plaque: David Muller 1997.  [4.30] Fred Elliott 
Diaries.  [4.31] (Drawing and photo) Fred Elliott  [Reproduced in 
Hince, Unique and Unspoilt.  [4.32] Temple, The Sea and The Snow, 

1966, p. 157.  [4.33] ANARE 1964 Report.  [4.34] Temple, The Sea 
and The Snow, 1966, p.157/courtesy Grahame Budd.  [4.35] 
Temple, The Sea and The Snow, 1966.  [4.36] NASA Science Photo 
Library/Hugh Milburn.  [4.37] Walter Monk, et al., 

 1994.  [4.38] Alan Campbell-Drury 1947 VK3ACD/Jim and Kirsti 
Smith 1983 HIDXA VKØJS/ Robert Schmieder VKØEK 2016.  [4.39] P. 
G. Law, in 1980 AAD Report.  [4.40] G. M. Budd.  [4.41] Australian 
National Archives.  [4.42] Robert Schmieder Cordell Expeditions 
2016.  [4.43]→[4.44] Australian Antarctic Data Centre.   

Chapter 5.  [5.1] Google Earth 2006.  [5.2] Q. H. Bullard 1928; 
Keage, 1981, p. 102.  [5.3]→[5.4] Australian Antarctic Division.  
[5.5] Film by David Eastman. Film Held by the AAD. 
https://vimeo.com/262625085.  [5.6]→[5.7] National Archives of 
Australia, Canberra.  [5.8] Fred Elliott, courtesy Tess Egan, AAD 
Library Photo RS67335.  [5.9] Hugh Milburn.  [5.10] Dave 
McCormack/processing: Robert Schmieder.  [5.11] Robert 
Schmieder.  [5.12]→[5.15] Angela McGowan 1986.  [5.16]→[5.17] 
Dave McCormack.  [5.18] Jan Senbergs.  [5.19] Arie Nugteren/David 
Muller.  [5.20] Dave McCormack/David Muller.  [5.21] Robert 
Schmieder.  [5.22] Glenn Johnson/Dave McCormack.  [5.23] Dave 
McCormack.  [5.24] Dave McCormack/artwork Robert Schmieder.  
[5.25] Robert Schmieder.  [5.26]→[5.27] Dave McCormack.  [5.28] 
Adam Brown.  [5.29] Arliss Thompson/Dave Lloyd/Robert 
Schmieder.  [5.30] Australian National Archives, Hobart, Tasmania.  
[5.31] John Bechervaise; AAD Heritage Management Plan.  [5.32] 
Australian National Archives, Hobart, Tasmania.  [5.33]→[5.34] 
Australian Antarctic Data Centre (AADC).  [5.35] Australian National 
Library, Canberra.  [5.36] National Library of Australia.  [5.37] Hugh 
Milburn 1969.  [5.38] Angela McGowan.  [5.39] Eric Woehler 
1998/1999.  [5.40] Cordell Expeditions 1997.  [5.41] Ralph 
Fedor/Cordell Expeditions 1997.  [5.42] AAD Dec 1997.  [5.43] 
Hans-Peter Blattler/Carlos Nascimento.  [5.44] 2008: Joel , courtesy 
Andy Cianchi/2016: Robert Schmieder.  [5.45] Hugh Milburn/Kirsti 
Smith/Angela McGowan.  [5.46] Angela McGowan.  [5.47] Angela 
McGowan 1986/Robert Schmieder 2016.  [5.48] Wes Lamboley 
1997.  [5.49] Robert Schmieder/Eric Woehler.  [5.50] Angela 
McGowan 2000.  [5.51] Arie Nugteren 1997/Eric Woehler 
2000/Francis Lynch 2002/Robert Schmieder 2016.  [5.52] Courtesy 
Grahame Budd.  [5.53] – – .  [5.54] G. W. Johnstone, AAD Report 
1980.  [5.55] Courtesy Grahame Budd.  [5.56] Attila Vrana; courtesy 
Michael Burton.  [5.57] Grahame Budd/Adam Brown.  [5.58] Fred 
Belton 2016.  [5.59] – –/Justine Shaw.  [5.60] Arie Nugteren 
1997/Robert Schmieder 2016.  [5.61] Cordell Expeditions 1997/Eric 
Woehler 2004 Robert Schmieder 2016.  [5.62] HDT Global/Dave 
Lloyd/Cordell Expeditions/Robert Schmieder.  [5.63] Angela 
McGowan/Arliss Thompson.  [5.64] Robert Schmieder.   

Chapter 6.  [6.1] Angela McGowan.  [6.2] Grahame Budd.  [6.3] 
Clockwise from upper left: – – /Eric Woehler/Andy Cianchi/Dave 
Lloyd.  [6.4] Google Earth 2014/Hugh Milburn/ David Muller.  [6.5] 
Robert Schmieder 1997/2016.  [6.6] Cordell Expeditions 
1997/Gavin Marshall 2016.  [6.7] Dave McCormack.  [6.8] Dave 
McCormack/Brad, courtesy Andy Cianchi.  [6.9] Australian National 
Library 1948/Hugh Milburn1969/Angela McGowan 1986-87 .  [6.10] 
Angela McGowan/Dave McCormack.  [6.11] Arie 
Nugteren/Facebook.  [6.12] The Furphy Foundry.  [6.13] A,B: Eric 
Woehler 2004/C: Robert Schmieder 2016/D: Adam Brown 2016/E: 
Fred Belton 2016 /F: Dave Lloyd 2016.  [6.14] David Muller 
1997/Dave Lloyd 2016.  [6.15] Jody Wruck/B. Mundy.  [6.16] A: 
Dave Lloyd 2016/B: Andy Cianchi 2008/C: Robert Schmieder 

https://www.sciencephoto.com/contributor/prz/
https://www.sciencephoto.com/contributor/prz/
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2016/D,E: Gavin Marshall 2016 /F: Carlos Nascimento 2016.  [6.17] 
A: Robert Schmieder/B,C,D: Bill Mitchell.  [6.18] Bottle found by 
Wes Lamboley 1997.  [6.19] Cordell Expeditions/Wood found by 
Wes Lamboley 1997.  [6.20] 1997:Cordell Expeditions/2000:Eric 
Woehler/2002: Bernadette Hince/2016 Robert Schmieder.  [6.21] 
A: Robert Schmieder 1997/B: 2008 Brad, courtesy Andy Cianchi/C: 
Gavin Marshall 2016 /D,E: Vadym Ivliev 2016.  [6.22] Robert 
Schmieder/Adam Brown.  [6.23] (In reading order) Adam 
Brown/Gavin Marshall/Hans-Peter Blattler/Robert Schmieder.  
[6.24] Gavin Marshall.  [6.25] – – .  [6.26] Gavin Marshall.  [6.27] A: 
Gavin Marshall/B: Fred Belton/C: Arliss Thompson/D: Adam 
Brown/E: Carlos Nascimento/F: Gavin Marshall/G: Jim Colletto/H: 
Gavin Marshall.  [6.28] Arliss Thompson.  [6.29] Gavin Marshall.  
[6.30] Adam Brown.  [6.31] Western Australia Museum/ 
https://www.flickr.com/photos/jrochester/22910283993.  [6.32] 
AADC/Peter Lancaster Brown, Twelve Came Back.  [6.33] Furphy 
Foundry.  [6.34] Triple_whippletree_set.jpg: Richard New Forest 
derivative work: McSush.   
–– – – – – – – – – – – – –  – – – – – –– – – – – – – – – –– – – – – – – – – – – – – – – – – – –  

Part 2. [Frontispiece ] Fred Belton.   
–– – – – – – – – – – – – –  – – – – – –– – – – – – – – – –– – – – – – – – – – – – – – – – – – –  

Chapter 7.  [7.1] Gavin Marshall.  [7.2] Australian National 
Library.  [7.3] Gavin Marshall.  [7.4] Gary Miller, courtesy Andy 
Cianchi.  [7.5] Courtesy Grahame Budd.  [7.6] Dave Farnsworth.  
[7.7] Carlos Nascimento.  [7.8] David Eastman.  [7.9] Gary Miller, 
courtesy Andy Cianchi.  [7.10]→ [7.11] Gavin Marshall Drone.  [7.12] 
Google Earth 2014.  [7.13] Fred Belton.  [7.14] Arthur 
Scholes/American Satellite Tracking Expedition-Hugh 
Milburn/David Muller.  [7.15] Joel – – , courtesy Andy 
Cianchi/Grahame Budd/Gavin Marshall.  [7.16] Courtesy Eric 
Woehler.  [7.17] 1929: Frank Hurley, BANZARE, courtesy Eric 
Woehler/2000: Eric Woehler.  [7.18] Fred Elliott, courtesy Eric 
Woehler.  [7.19] Robert Schmieder.  [7.20] Joel/– – /Heleen Van Der 
Peij, All courtesy Andy Cianchi.  [7.21] 2002 Francis Lynch/2016 
Arliss Thompson. [7.22] Richard Baxter.  [7.23] Arliss Thompson.  
[7.24] David Eastman and Alan Campbell-Drury. Archived by the 
AAD.  [7.25] David Muller/Andy Cianchi.  [7.26] Carlos 
Nascimento/Bill Mitchell.  [7.27] Arthur Scholes Slide 
Collection/Australian National Library.  [7.28] Eric Woehler 
#S24915/Fred Belton 2016.   

Chapter 8.  [8.1] Google Earth 2014.  [8.2] Australian National 
Library/Scholes slide collection/Fred Belton.  [8.3] Scholes slide 
collection/Mike McGirr.  [8.4] Andy Cianchi/Bill Mitchell.  [8.5] Fred 
Belton.  [8.6] Australian National Library/Andy Cianchi/Gavin 
Marshall.  [8.7] Australian National Archives, Hobart, Tasmania/ 
Google Earth 2006.  [8.8] Gavin Marshall/Google Earth 2014.  [8.9] 
Gavin Marshall/Andy Cianchi/Google Earth 2006.   

Chapter 9.  [9.1] Google Earth 5 Feb 2014.  [9.2] Courtesy 
Grahame Budd.  [9.3] Angela McGowan.  [9.4] AAD: Map AADC 
2000 Heard_Map3_A3_Dec00.  [9.5] Australian Antarctic Data 
Centre (AADC).  [9.6]→ [9.7] http://www.Antarctica.Gov.Au/ 
News/2009/Rare-Visit-To-Remote-Southern-Ocean-Territory-Finds-
Changes.  [9.8] 1986-1987 AAD Expedition Report.  [9.9]→[9.11] 
Google Earth.  [9.12] Kiernan & McConnell 2013.  [9.13] Robert 
Schmieder.  [9.14]→[9.20] Google Earth. NASA ISAL 2002. 
Enhanced graphics Robert Schmieder.   

Chapter 10.  [10.1] Eric Woehler.  [10.2] Arthur Scholes slide 
collection #194701949.  [10.3] Hugh Milburn/David Muller.  [10.4] 
Kate Kiefer /Eric Woehler.  [10.5] Margaret Whitelaw/Jodi Fox.  
[10.6]→ [10.9] Robert Schmieder 2016.   

Chapter 11.  [11.1] Bill Mitchell 2016.  [11.2] Original Caption 
and reference: P. K. Law.  [11.3] P. Swan in Bowden, AAD/From the 
AAD Film “Antarctic Adventure".  [11.4] Angela McGowan/ 
Smithsonian Institution.  [11.5] Bill Mitchell/Robert Schmieder.  
[11.6] Smithsonian Institution/ Bill Mitchell 2016.   [11.7] Bill 
Mitchell 2016.  [11.8] Angela McGowan (personal observation).  
[11.9] Graeme Wheller.  [11.10] Google Earth/NASA.  [11.11] NASA.  
[11.12] Google Earth.  [11.13] Google Earth/NASA.  [11.14] Eric 
Woehler/Grahame Budd.  [11.15] – – /Volcano Discovery/Richard 
Arculus/Business Times.   

Chapter 12.  [12.1] Google Earth, Robert Schmieder.  [12.2] 
Australian National Library/Andy Cianchi/Gavin Marshall/Robert 
Schmieder.  [12.3] Courtesy Andy Cianchi.  [12.4] Google Earth.  
[12.5] Google Earth. [12.6] Courtesy Andy Cianchi. [12.7] Google 
Earth 2006. [12.8] Google Earth. [12.9] Courtesy Andy Cianchi.  
[12.10] N. Lied, Australian National Archives in Hobart, Tasmania.  
[12.11] Google Earth.  [12.12] Grahame Budd, cited by Keage, 
Thesis, 1971/Google Earth.  [12.13] – – /– – /Robbie – – , courtesy 
Andy Cianchi.  [12.14] Arthur Scholes Slide Collection/Google Earth.   

Chapter 13.  [13.1] Arie Nugteren/Gavin Marshall.  [13.2] Gavin 
Marshall.  [13.3] David Muller.  [13.4] Robert Schmieder/Arie 
Nugteren.  [13.5] David Muller.  [13.6] Gavin Marshall/Fred Belton.  
[13.7]→ [13.8] Bill Mitchell.   

Chapter 14.  [14.1] Gavin Marshall.  [14.2] Heard Island 
Glaciology Program ASAC_2363.  [14.3] David Muller/Cordell 
Expeditions 1997.  [14.4] Cordell Expeditions/Bill Mitchell.  [14.5] 
Gavin Marshall.  [14.6] – – .  [14.7] Frank Hurley, BANZARE 1929, 
courtesy Eric Woehler/Eric Woehler.  [14.8]→ [14.9] Fred Belton 
2016.  [14.10] Carlos Nascimento 2016.  [14.11] A: David Muller/B: 
Gavin Marshall/C: Arliss Thompson/D: Bill Mitchell/E: Bill 
Mitchell/F: Fred Belton.  [14.12]→[14.13] Model and Drawings 
Robert Schmieder.  [14.14] Bill Mitchell, from Inquisitive 
Rockhopper.  [4.15]→[14.16] Robert Schmieder.  [14.17] Gavin 
Marshall.  [14.18] Gavin Marshall, Fred Belton, Robert Schmieder.  
[14.19] All Samples Obtained by Fred Belton, Gavin Marshall, and 
Robert Schmieder 2016. Photos: Jodi Fox.  [14.20] Jodi Fox.   

Chapter 15.  [15.1] David Muller/Bill Mitchell.  [15.2]→[15.4] 
Google Earth.  [15.5] David Muller/Bill Mitchell.  [15.6] Bill 
Mitchell/Carlos Nascimento.  [15.7]→ [15.14] Google Earth.  
[15.15]→ [15.19] Robert Schmieder.     
–– – – – – – – – – – – – –  – – – – – –– – – – – – – – – –– – – – – – – – – – – – – – – – – – –  

Part 3. [ Frontispiece] Robert Schmieder.   
–– – – – – – – – – – – – –  – – – – – –– – – – – – – – – –– – – – – – – – – – – – – – – – – – –  

Chapter 16.  [16.1] E. H. M. (Tim) Ealey. ID Eric Woehler.  [16.2] 
Courtesy Eric Woehler.  [16.3] – – .  [16.4] Adem Candas.  [16.5] 
Heard Island Glaciology Program 2003-04 ASAC_2363. Paul 
Scott/courtesy Andy Cianchi/– – /– – /– – .   [16.6] AADC Data 
Heard_Dem_Radarsat02/Apple Map 2006.  [16.7]→ [16.11] Google 
Earth.  [16.12]→[16.13] Robert Schmieder.  [16.14] Grahame 
Budd/AAD Expedition Report 1987.  [16.15] – – .  [16.16] – – .  [16.17] 
Kevin Kiernan, Project ASAC_1118.  [16.18] – – /Bill Mitchell.   

Chapter 17.  [17.1] Robert Schmieder.  [17.2] Google Earth 
2014.  [17.3]→ [17.4] Google Earth 2007.  [17.5] Google Earth 
2014/Diagram Robert Schmieder.  [17.6] Robert Schmieder/Google 
Earth 2014.  [17.7] Google Earth.  [17.8]→[17.13] Robert 
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B.S. Physics, California Institute of Technology, 1963; M.A. Physics, Columbia University, 
1965; Ph.D. Physics, Columbia University, 1968. 
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Expeditions. Throughout these projects, he coordinated the work of a large number of 
specialists and volunteers, ensuring the scientific viability of extensive collections of 
specimens and observational data. The work led to many discoveries in geography, geology 
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Schmieder's first, and most extensive, field project was the exploration of Cordell Bank, 
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Cordell Expeditions.  

Subsequently, Schmieder and his teams carried out exploratory expeditions to 
numerous remote sites. In the late 1980s, Schmieder’s teams explored and described a 
subtidal bank off Pt. Sur, south of Monterey, California, which was subsequently named 
Schmieder Bank by the U.S. Board of Geographic Names. Cordell Expeditions carried out 
explorations at the North Farallon Island, Rocas Alijos, Guadalupe Island, Roqueta Island, 
Peter I Island, Easter Island, Heard Island, San Felix Island, Kure Atoll, Clipperton Island, 
Pitcairn Island, and the Pribiloff Islands. In 2016 Schmieder carried out a second research 
expedition to Heard Island; considerable material from that expedition is included herein. 

Schmieder is the author of many publications, including the following books:  
Ecology of an Underwater Island (1991); 3YØPI Peter I Island DXpedition (1994); DX-Aku: 

Messages from the Easter Island Expedition (1995); Rocas Alijos (1996); VKØIR Heard Island 
Expedition (1997); XRØX: The 2002 Expedition to San Felix (2003); Great Adeventures (2010);   
Harry (2017); Edward Cordell and the Discovery of Cordell Bank (2018); Heard Island: Two 
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Auditus Island: duae centuriae mutationis, et plus venire ... 
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