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Session ill. Climate Variability: Past, Present and Future (Chair: Prof. William

Programme
DAY 1 (Tuesday

91h)

Froneman)
llh15:

Session I. Welcome and Introduction
08h30:

08h35:

Southern Ocean hotspots: the influence of a submarine mountain ridge

Welcome

on the oceanographic setting of the Prince Edward Islands

Steven L. Chown (Centre for Invasion Biology, Organizer)

Dr. Isabelle Ansorge (University of Cape Town)

llh35:

Rationale for the Symposium

Ground thermal and active layer monitoring on sub-Antarctic Marion
Island and Western Dronning Maud Land, Antarctica

Candice Levieux (National Research Foundation for SANAP)

Prof. Ian Meiklejohn (University of Pretoria)
08h50:

Structure of the meeting and products
llh55:

Steven L. Chown

Microbial ecology of desert soils in the Antarctic Dry Valleys
Prof. Don Cowan (University ofthe Western Cape)

Session II. A Window into Geospace (Chair: Dr. Isabelle Ansorge)
09h00:

Space physics for Koos, Nellie and Sfiso

12hl5:

General Discussion - The key issues

12h45:

Lunch

Dr. Andrew Collier (University ofKwazulu-Natal)

09h20:

Monitoring cosmic ray intensities in Antarctica - an appropriate
scientific activity

Session IV. Biodiversity Responses to Earth System Variability I (Chair: Prof.

Prof. Harm Moraal (North West University)

Melodie McGeoch)
14h00:

09h40:

Variability in the marine ecosystem of the Prince Edward Islands
Prof. William Froneman (Rhodes University)

Polar space weather studies during IPY 2007: first results from South
African Antarctic experiments
14h20:

Mr. Ben Opperman (Hermanus Magnetic Observatory)

Population ecology ofpinnipeds at the Prince Edward Islands
Prof. Marthan Bester (University of Pretoria)

lOhOO:

GPS-derived precipitable water vapour over Antarctica
14h40:

Dr. Attie Combrink (HartRAO)
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Variability of responses of Wandering Albatrosses, Diomedea exulans,
to human disturbance

10h20:

General Discussion - The key issues

10h45:

Tea

Dr. Marienne de Villiers (University of Cape Town)

15h00:

Changes in some seabird populations at Marion Island
Dr. Rob Crawford (DEAT, Marine & Coastal Management)
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15h30:

Tea and poster sessions (Divided by ARESSA Themes)

17h00:

Happy hour, and posters continue
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18h00:

Key students identify key themes

Session VI. Two fresh perspectives (Chair Prof. Don Cowan)

19h00:

Dinner

llhOO:

Exploring trophodynamics in the Southern Ocean: applications offatty
acid biomarkers and stable isotope ratios

DAY 2 (Wednesday lOth)

Dr. Nicole Richoux (Rhodes University)

Session V. Biodiversity Responses to Earth System Variability II (Chair: Prof.

llh20:

Ian Meiklejohn)
08h00:

Crossing the line: alien species in the Antarctic
Ms. Jennifer Lee (Stellenbosch University)

A whole-island estimate of energy flow and nutrient cycling for Marion
Island: Pie-in-the-sky or realizable?

llh40:

General Discussion - The key issues

12h00:

Lunch

Prof. Valdon Smith (Stellenbosch University)

08h20:

Genetic diversity across Marion Island and the sub-Antarctic
Session VII. SANAP Science in an International Context (Chair. Ms. Candice

Dr. Bettine Jansen van Vuuren (Stellenbosch University)

Levieux)
08h40:

Climate change impacts on the terrestrial biodiversity of Marion

13h00:

SANAP Science over the past decade: a recent evaluation
Steven L. Chown (Stellenbosch University)

Island
Prof. Melodie McGeoch (Stellenbosch University)
13h30:
09h00:

SANAP environmental authorisation processes
Carol Jacobs (DEA&T)

Invasion, climate change and conservation: Antarctic perspectives
Steven L. Chown (Stellenbosch University)
14h00:

09h20:

Marine population modelling in the Antarctic -

international

contributions

General Discussion - The key issues

Prof. Doug Butterworth (University of Cape Town)
Session VI. History, Sociology, Politics (Chair: Steven Chown)
09h50:

Session VIII. Key achievements, emergent issues. future science (Chair: Steven

South Africa 's involvement in Antarctica and the Southern Ocean:

Chown)

A historical and geo-political, perspective
Prof. Jan Glazewski (University of Cape Town)

10h15:

Tea
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14h30:

Key science findings

15h00:

Potential synergies that require exploration

15h30:

The road ahead

15h45:

Acknowledgments, thanks and closing
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CONCLUSION:

environment &tourism

GENERAL
The NRF Guide for SANAP Proposals for 2009/1 0 will also outline the environmental
requirements, but the approval of a proposal is NOT subject to the environmental
processes already having being completed

Department:
Environmental Affairs and Tourism
REPUBLIC OF SOUTH AFRICA

These processes should, however, be kept in mind when formulating your proposal,
especially if you wish to appoint an Environmental Assessment Practioner (EAP) to
undertake your lEE or BAR, which you will need to budget for)

NB1 :

The oceanography and SA Weather Service buoy deployment programmes are
exempt from these processes

NB2:

For listed activities at the PEls, you can apply for exemption (it must be wellmotivated) to DEA Tfrom:
using an EAP,
identifying alternatives, and
the public participation process (PPP)
*The decision rests with DEAT

FORMS & TEMPLATES
Available from DEAT for lEEs and BARs
DEADLINES
Usually the same as the SANAP3 voyage participation form deadline for BARs and lEEs,
but welcome earlier (especially as 1-2 months are usually required for processing, and this
must be kept in mind)
CONTACT DETAILS
You are welcome to contact DEAT for guidance and/or advice:
Carol Jacobs
Directorate: Environmental Impact Evaluation (DEAT)
Private Bag X 44 7
PRETORIA
0001
Tel:
Fax:
E-mail:

012 310-3501
012 320-7539
cjacobs@deat.gov.za

DEAT ENVIRONMENTAL AUTHORISATION
PROCESSES
INTRODUCTION
All Principal Investigators (Pis) are to ensure that their SANAP-approved
project complies with the relevant environmental legislation applicable to
SANAP's operational areas in Antarctica and at the Prince Edward Islands
(comprising Marion and Prince Edward).
NB:

This environmental process should only be embarked on AFTER
your proposal has been approved by NRFIDST

IN SHORT-

1) What do you want to do?
(what, where, how, etc.)
2) What will the various impacts on the environment be?
(what are the alternatives?)
3) How do you intend to mitigate the various impacts?
(Environmental Management Plan - EMP)

ANTARCTICA:

MARION:

LEGISLATION

LEGISLATION

Protocol on Environmental Protoction (PEP) to the Antarctic Treaty
(Madrid Protocol)
- Annex I (Environmental Impact Assessment)

As the Prince Edward Islands are South African territory, the following apply1. National Environmental Management Act, Act No. 107 of 1998 (NEMA)
2. NEMA's Environmental Impact Assessment (EIA) Regulations, 2006
- Listing Notices 385, 386 & 387

APPLICATION
Applies to ALL projects with NEW activities that will impact on the
environment in Antarctica,
e.g. new hatch, new antenna array, field work, drilling, etc.
lEE
*likely for SANAP projects impacting on the environment
Complete and submit an Initial Environmental Evaluation (lEE) to DEAT for
consideration:
~ Will be approved for all activities that have a less than minor or
transitory impact on the environment
CEE
*highly unlikely for SA NAP projects
Complete and submit a Comprehensive Environmental Evaluation (GEE) to
DEAT for consideration:
~ DEAT will forward to the CEP at the ATCM in respect of all
activities that have a more than minor or transitory impact on the
environment

(this can be determined prior to the lEE (large projects with major
environmental impacts, e.g. new base, etc.) or, once the lEE has been
completed, a GEE may be requested)

*The EIA Regulations are currently in the process of being amended, and will apply when
a notice, indicating the date of coming into effect, is published in the Government Gazette
(±January 2008)

APPLICATION
Applies to ALL projects witn activities that are LISTED under Listing Notices 386 and 387
of the NEMA EIA Regulations,
e.g. construction of facilities or infrastructure, masts of any material or type and of any
height, etc.
NB: Even if an activity is NOT listed, NEMA 's Section 28 "Duty of Care" applies at all times

BAR (Activities in Listing Notice 386)
*likely for SA NAP projects with listed activities
Complete and submit a Basic Assessment Report (BAR) to DEAT for consideration,
comprising:
-7 Notice of Intent
-7 Application Form
-7 BAR
-7 Draft EMP is advisable
SCOPING & EIR (Activities in Listing Notice 387)
*highly unlikely for SANAP projects
Complete and submit a Scoping and Environmental Impact Assessment Report (EIR) to
DEAT for consideration, comprising:
-7 Application Form
-7 Scoping Report and Plan of Study for EIR
-7 EIR
-7 Draft EMP

Oral Presentation Abstracts

GPS-derived precipitable water vapour over Antarctica

A. Combrink 1 and L. Combrinck 1

ARESSA THEME I: A Window into Geospace

1

HartRAO Space Geodesy Programme

Space physics for Koos, Nellie and Sfiso
Andrew Collier
Hermanus Magnetic Observatory
What is Space Physics and why is it important? Space Physics is the study of the
interaction of the Sun via the solar wind with the Earth. These studies are best carried
out at high latitudes, where the Earth's converging dipole magnetic field maps out into
large volumes of space. The waves and particles in the space around the Earth have an
appreciable impact on the conditions in the magnetosphere, ionosphere and neutral
atmosphere. Instruments and observations will be discussed.
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Water vapour is a major greenhouse gas and is as such of great importance in
numerical weather predictions and studies of climate and climate change. Space
geodetic techniques, such as the Global Positioning System (GPS), can be used to
measure atmospheric precipitable water vapour based on the delay experienced by
electromagnetic signals traversing Earth's atmosphere. However, these measurements
are extremely sensitive to the measurement accuracy of the vertical coordinate of a
GPS station, such as the station operated at Vesleskarvet. This talk will (a.) highlight
the geodetic activities of the Hartebeesthoek Radio Astronomy Observatory
(HartRAO) within SANAP, (b.) describe surveys to be conducted at SANAE IV
during the 2007/08 summer expedition to compare gravimetric measurements with
suspected vertical crustal motion at the station which influences water vapour
measurements, and (c.) outline the intended data analyses in order to interpret the
results.
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Monitoring cosmic ray intens ties in Antarctica - an appropriate
scientific activity

Polar Space weather studies during IPY2007:
South African Antarctic experiments.

First results from

HarmMoraal

Ben D.L. Opperman .2, Pierre J. Cilliers 1, Peter R. Sutcliffe 1•3, Lindsay Magnus 1•3,
4
5
Cathryn N. Mitchell and Lucilla Alfonsi

1

North-West University
1

The previous SANAP mission statement justified our scientific role in Antarctica as
"to increase understanding of the natural environment and life in the Antarctic and
Southern Ocean through appropriate (emphasis) science and technology." In this
presentation I will show that monitoring experiments - sometimes brushed off as
being insufficiently 'cutting edge', 'innovative' or 'strategic' in nature, are in fact
appropriate for their purpose, and that they do deliver world-class scientific results.
As primary example I will use the 20 January 2005 so-called Ground Level
Enhancement observed by the Sanae neutron monitor, to show how this made an
almost unique contribution to the theory of cosmic-ray acceleration on the sun. As
secondary example I will talk about pilot and planned experiments to extract the 1OBe
isotope, as indicator of the cosmic-ray intensity in the past, out of shallow ice layers.
Once again, this is an appropriate, affordable experiment, because it uses the specific
nature of the ice wall in the vicinity of Sanae, which is difficult to find in other
locations.
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Hermanus Magnetic Observatory, Hermanus, South Africa, 2Department of Physics
and Electronics, Rhodes University, Grahamstown, South Africa. 3 School of Physics,
University of KwaZulu-Nata/, Durban, South Africa. 4Department of Electrical and
Radio Engineering, University of Bath, Bath, U.K., 5Istituto Nazionale di Geojisica e
Vu/canologia(INGV), Rome, Italy.
The ionosphere significantly affects radio propagation, affecting satellite navigation
and communications systems and making it an important polar space weather
parameter to monitor. Periods of high geomagnetic disturbances, caused by high
sunspot activity, solar flares or solar coronal mass ejections are especially significant
as rapid changes in the ionosphere incapacitates GPS navigation and HF
communication systems, critical life-dependent systems in polar regions. The HMO,
in collaboration with other research partners, manages and operates several
ionospheric measurement instruments at SANAE IV (71.67°S, 2.84°W), located in the
auroral oval, to facilitate our understanding of ionospheric dynamics and behaviour.
These instruments include the SHARE radar used for monitoring ionospheric
convection, i.e. the noon-midnight-oval edge motion of ionospheric plasma over the
polar cap due to the ExB drift effected by the electric field resulting from the
interplanetary magnetic field (IMF) coupling with the earth's magnetosphere; an
ionospheric scintillation monitor (ISM) observing rapid, small scale structural
changes in the ionosphere; total field magnetometer used for monitoring changes in
the magnetic field and predicting auroral and sub storm onsets and a dual frequency
GPS receiver used for monitoring the Total Electron Content of the ionosphere. First
results from the IPY 2007 campaign are presented illustrating the correlation between
measurements and investigating possible driving forces of the ionospheric behaviour.
The application of these instruments to observe other phenomena like field resonance
PC5 Ultra Low Frequency pulsations and polar night-time ionospheric plasma
transport mechanisms are also illustrated.
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ARESSA THEME II: Climate Variability: Past, Present and
Future
Southern Ocean Hotspots: The influence of a submarine mountain
ridge on the oceanographic setting of the Prince Edward Islands
Isabelle J. Ansorge
University of Cape Town

The Southern Ocean is defined as the region between 40°S and the Antarctic
continent. The circulation here is dominated by the Antarctic Circumpolar Current
(ACC), which is the only current that flows completely around the globe. The ACC is
a complex system comprising of narrow regions of sharp temperature gradients
known as frontal bands, which are separated by broad zones with less intense
gradients. Variability in the pathway of this current occurs in the form of meanders or
eddy like features as a result of the current's interaction with shallow bathymetry such
as underwater mountain chains and plateaux. Non oceanographers can liken this
behaviour to a "speed wobble"! The Prince Edward Islands can be found in the
middle of this current at approximately 38°E, 47°S. The islands form a very special
habitat for seals, albatrosses and whales and have, for this reason, been designated a
declared nature reserve. The ecology of the islands is directly dependent on the local
ocean environment. With the advent of satellites it has become apparent that the
Prince Edward Islands are in fact located on the northern edge of a region of
remarkably high oceanic turbulence, which in turn influences the feeding behaviour of
the island's top predators. This is an exciting discovery that will most probably
explain the high physical and biological variability found at the islands and is a key
thrust in South Africa' s involvement in the International Polar Year.

[

l

Ground thermal and active layer monitoring on Sub-Antarctic
Marion Island and Western Dronning Maud Land, Antarctica.
Ian Meiklejohn1 and Jan Boelhouwers 2
1
Department of Geography, Geoinformatics & Meteorology, University of Pretoria,
2
Pretoria, 0002, South Africa; Department of Earth Sciences, Uppsala University,
Villaviigen 16, 75236 Uppsala, Swed'!n.

A key focus in climate research is the incorporation of change detection in the
terrestrial cryosphere and it's coupling with the climate system. Permafrost, which
covers almost a quarter of global ice-free area, is a central component of polar and
sub-polar environments. Because permafrost is a thermal condition of the ground, its
distribution and behaviour is sensitive to climate change. As the climate warms, the
increased thaw of the uppermost permafrost and thickening of the active layer, results
in ground subsidence, accelerated erosion and related hydrological and geochemical
changes, as now observed in northern polar regions 1• In order to determine short- and
long-term thermal conditions, ground temperature measurement and spatial modelling
is being undertaken on Sub-Antarctic Marion Island and Western Dronning Maud
Land (WDML), Antarctica. We have shown that, while no permafrost remains,
Marion Island has a distinctive diurnal soil frost regime due to a maritime, subAntarctic setting2 ' 3• Diurnal freezing and associated sediment displacement increases
in intensity-frequency-duration with altitude. Cloud cover, snow and latent heat
exchange are now recognized as important factors influencing the ground climate and
its responses to current climate change. This has direct and indirect consequences for
terrestrial ecosystem dynamics on the island. The first detailed inventories of
periglacial landforms and ground thermal monitoring in WDML has been undertaken.
Ground thermal monitoring stations have been established at a number of locations,
while short-term temperatures data were collected from Vesleskarvet. One minute
interval data show evidence of latent heat release from freezing of soil moisture,
indicating frost activity in patterned ground. Initial inventories of periglacial
landforms were established for a number of Nunataks in WDML indicate that the
availability of moisture and fme material, together with aspect and wind direction, are
important controls on the dynamics of the active layer. First active layer observations
for WDML suggest that it varies in depth from 60 em at the coast to less than I 0 em at
1200 m.a.s.l. The impact of recent climate change is likely to be complex, given that
land surface temperatures since 1982 in WDML show warming trends near the coast
and cooling in the interior4 •
I.

2.

3.

l

4.
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Brown, J., Hinkel, K.M. & Nelson, F.E. The Circumpolar Active Layer
Monitoring (CALM) program: research designs and initial results, Pol. Geog.
24, 166-258 (2000).
Boelhouwers, J., Holness, S. &Sumner, P. The maritime Subantarctic: a
distinct periglacial environment. Geomorph. 52, 39-55 (2003).
Hedding, D.W. Geomorphology and geomorphological responses to climate
change in the interior of sub-Antarctic Marion Island. Unpublished Masters
Dissertation, University of Pretoria (2006).
Schneider, D.P., Steig, E.J. & Comiso, J.C. Recent Climate variability in
Antarctica from Satellite-derived temperature data. J Climate 17, 1569-1583
(2004).
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ARESSA THEME III: Biodiversity: Responses to Earth
System Variabi~ity

Microbial ecology of desert soils in the Antarctic Dry Valleys
Professor Don A Cowan

Population ecology of pinnipeds at the Prince Edward Islands

Institute for Microbial Biotechnology and Metagenomics, University of the Western
Cape, Cape Town

The Dry Valleys of continental Eastern Antarctica are considered to be one of the
most extreme environments on earth. Our studies have focussed on the microbial
diversity of the desiccated mineral soils of these valleys, which are exposed to very
low temperatures, low humidity, high incident radiation, and are highly oligotrophic.
Using ATP analysis, we have demonstrated that microbial biomass levels are at least
two orders of magnitude higher than previously estimated and, contrary to common
dogma, these extreme environments harbour a very high diversity of microbial
phylotypes. Using molecular tools to study local transects, we aim to establish the
physicochemical 'drivers' which control the development and activity of specialised
microbial communities in the Dry Valleys.

Marthan N. Bester1, Pierre A. Pistorius 1 , Gordon J.G. Hofmeyr 1, CliveR. McMahon 2,
Stephen P. Kirkman 1, Aswianewi B. Makhado 1 and Harry R. Burton2
1

Mammal Research Institute, Department of Zoology & Entomology, University of
Pretoria, Pretoria 0002, South Africa; 2Australian Antarctic Division, Kingston 7050
Tasmania, Australia

The Southern Ocean plays a critical role in global climate and the demography and
population abundances of apex predators are directly influenced by the availability of
prey. To elucidate effects of climate change on sub-Antarctic ecosystems we
investigated the population dynamics 1•2 and foraging ecology 3-5 of Antarctic and
Subantarctic fur seals and southern elephant seals at the Prince Edward Islands, in
comparison with other island ecosystems 6• The declining southern elephant seal
population stabilised in the mid-1990s concomitant with an increase in pup weaning
mass which suggests improved food availability to their mothers6 . As a result age at
first reproduction decreased and age specific fecundity and adult female survival
increased 1• Both the fur seal populations increased exponentially, the Subantarctic fur
seal population approaching carrying capacitY, and they feed almost exclusively on
the same species of myctophid fish in similar proportions, with little annual variation
in pup growth rates, feeding trip durations and onshore attendance patterns of their
mothers4•5 . Satellite tracked immature southern elephant seals spend most of their time
upstream of Marion Island during winter. Post-moulting adult females range some
2122-3133 km to the APF, to inter-frontal zones south of it and to the Antarctic
Continental Shelf. Post-breeding adult females remain within about 1500 km from
Marion Island at the outer edge of their feeding range, largely within inter-frontal
zones south of the APF, and between the STC and the SAF. Post-breeding adult
males behave similarly but during the post-moulting period males travel far and wide
within a latitudinal belt of approximately 15° (40°S- 55°S) primarily westward. Adults
occasionally dive to depths in excess of 1900 m and primarily execute foraging dives
between 300-600 m presumably following vertically migrating prey. Future work
should continue tracking the demography and condition of the southern elephant seal
population and their killer whale predators 7 through direct counts, mark-recapture and
photogrammetry; monitoring the population growth, attendance patterns, pup growth
rates and diet of the fur seal populations; satellite track both elephant seals and fur
seals at sea to reconcile their foraging areas with oceanographic and bathymetric
characteristics in a changing environment, and in the context of conservation8.
1.

2.
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Pistorius, P.A., Bester, M.N., Lewis, M.N., Taylor, F.E., Campagna, C. &
Kirkman, S.P. Adult female survival, population trend, and the implications of
early primiparity in a capital breeder, the southern elephant seal (Mirounga
leonina). J. Zoo/., Land. 263, 107-119 (2004).
Hofmeyr, G.J.G., Bester, M.N., Makhado, A.B. & Pistorius, P.A. Population
changes in Subantarctic and Antarctic fur seals at Marion Island. S. Afr. J
Wild/. Res. 36, 55-68 (2006).
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3.

4.

5.
6.
7.
8.

Jonker, F.C. & Bester, M.N. Seasonal movements and foraging areas of adult
southern female elephant seals, Mirounga leonina, from Marion Island.
Antarct. Sci. 10,21-30 (1998).
Kirkman, S.P., Bester, M.N., Hofrneyr, G.J.G., Pistorius, P.A. & Makhado,
A.B. Pup growth and maternal attendance patterns in Subantarctic fur seals.
Afr. Zoo!. 37, 13-19 (2002).
Klages, N.T.W. & Bester, M.N. The fish prey of fur seals Arctocephalus spp.
at subantarctic Marion Island. Marine Bioi. 131, 559-566 (1998).
McMahon, C.R., Burton, H.R. & Bester, M.N. A demographic comparison of
two southern elephant seal populations. J Anim. Ecol. 72,61-74 (2003).
Keith, M., Bester, M.N., Bartlett, P.A. & Baker, D. Killer whales (Orcinus
orca) at Marion Island, Southern Ocean. Afr. Zoo!. 36, 163-175 (2001).
Lombard, A.T., Reyers, B., Schonegevel, L.Y., Cooper, J., Smith-Adao, L.B.,
Nel, D.C., Froneman, P.W., Ansorge, 1.1., Bester, M.N., Tosh, C.A., Strauss,
T., Akkers, T., Gon, 0 ., Leslie, R.W. & Chown, S.L. Conserving pattern and
process in the Southern Ocean: designing a Marine Protected Area for the
Prince Edward Islands. Antarct. Sci. 19, 39-54 (2007).

Invasion, climate change and conservation: Antarctic perspectives
Steven L. Chown
DST-NRF Centre of Excellence for Invasion Biology, Department of Botany and
Zoology, Stellenbosch University, Private Bag Xi, Matieland 7602, South Africa
Of the five drivers of biodiversity change identified by the Millennium Ecosystem
Assessment 1, climate change and biological invasions are most significant for
terrestrial systems in the Antarctic, although over-exploitation may have large,
indirect effects too because of its considerable significance in marine systems.
Understanding the effects of these drivers on Antarctic biodiversity presupposes a
detailed knowledge of spatial variation in diversity at a variety of scales. Whilst
knowledge of biodiversity variation in the Antarctic is now better than it has ever
been 2•3 , much still remains to be done. In particular, the way in which climate change,
biological invasions and over-exploitation are likely to interact to change systems
needs much more attention. In this talk, an overview of knowledge of biodiversity
patterns in the Antarctic is presented, with particular attention being drawn to recent
work in the Cape Hallett region and on Marion Island. More specifically, first, the
ways in which biodiversity information can affect conservation planning at small 4 ,
and large 5•6 spatial scales in the region is discussed. Second, interactions between
climate change and biological invasions are illustrated using new information from
work on springtails at Marion Island7• Finally, using interactions between caterpillars,
mice and albatrosses as a case study, the subtle interactions between marine and
8
terrestrial systems are illustrated .
I.
2.

3.

4.

f
5.

6.

7.

8.
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Millennium Ecosystem Assessment. Ecosystems and Human Well-Being:
Biodiversity Synthesis. World Resources Institute, Washington D.C. (2005).
Clarke, A., Johnston, N. M., Murphy, E. J. & Rogers, A. D. Introduction.
Antarctic ecology from genes to ecosystems: the impact of climate change and
the importance of scale. Phil. Trans. R. Soc. Land. B 362, 5-9 (2007).
Chown, S. L. & Convey, P. Spatial and temporal variability across life's
hierarchies in the terrestrial Antarctic. Phil. Trans. R. Soc. Land. B, in press
(2007).
Sinclair, B. J., Scott, M. B., Klok, C. J., Terblanche, J. S., Marshall, D. J.,
Reyers, B. & Chown, S. L. Determinants of terrestrial arthropod community
composition at Cape Hallett, Antarctica. Antarct. Sci. 18, 303-312 (2006).
Chown, S. L., Rodrigues, A. S. L., Gremmen, N.J. M. & Gaston, K. J. World
Heritage status and the conservation of Southern Ocean islands. Conserv. Bioi.
15, 550-557 (2001).
Lombard, A.T., et al. Conserving pattern and process in the Southern Ocean:
designing a marine protected area for the Prince Edward Islands. Antarct. Sci.
19, 39-54 (2007).
Chown, S. L., Slabber, S., McGeoch, M. A., Janion, C. & Leinaas, H. P.
Phenotypic plasticity mediates climate change responses among invasive and
indigenous arthropods. Proc. R. Soc. Land. B 274,2531-2537 (2007).
Sinclair, B. J. & Chown, S.L. Caterpillars benefit from thermal ecosystem
engineering by Wandering Albatrosses on sub-Antarctic Marion Island.
Biology Letters 2, 51-54 (2006).
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Changes in some seabird populations at Marion Island
2

Robert J.M. Crawford 1•2 , Bruce M. Dyer 1, Peter G. Ryan3 , Les G. Underhill and
Leshia Upfold 1
4.
1

Marine and Coastal Management, Department of Environmental Affairs and
Tourism, Private Bag X2, Rogge Bay 8012, South Africa; 2Animal Demography Unit,
University of Cape Town, Rondebosch 7701, South Africa; 3Percy FitzPatrick
Institute of African Ornithology, University of Cape Town, Rondebosch 7701, South
Africa.
South Africa's Prince Edward Islands are important breeding localities for sub1
Antarctic seabirds, the conservation status of several of which is of concern • At
Marion Island, for some species, assessments of the numbers breeding and of
breeding success have been made since 1994/95. Four penguin species breed at this
island. For the far-ranging king penguin Aptenodytes patagonicus, the production of
chicks fluctuated around a stable levd. Estimates of the population sizes of the other
three penguins decreased, most severely for the two that feed closest to the island
while breeding: gentoo Pygoscelis papua and rockhopper Eudyptes chrysocome
3 5
penguins - • The two Eudyptes penguins (rockhopper and macaroni E. chrysolophus)
leave the island during winter. For these two species, trends in the numbers breeding
at specific colonies were well correlated6• The times of arrival of females for
breeding, and for rockhopper penguins the mass of females on arrival, were
significantly related to breeding success 6 . These results suggest that over-wintering
conditions influence both the proportion of mature birds that breed and breeding
6
success ; hence, attempts are being made to identify the winter feeding grounds. The
Crozet shag Phalacrocorax melanogenis, another bird with a limited foraging range,
also suffered a severe decrease 7 . The decreases of some of the seabirds are thought at
least partially attributable to inadequate breeding success, suggesting poor feeding
conditions around the island during the breeding season3· 5.7. Long-term environmental
change may be influencing prey availability near the island and at winter feeding
grounds. To the north, off South Africa, an eastward displacement of sardine
Sardinops sagax, an important forage fish for seabirds, has resulted in a mismatch in
the distributions of the breeding localities and prey of seabirds, and recent large
decreases of African penguins Spheniscus demersui. At Marion Island, the
populations of some species of albatross and petrel, which travel substantial distances
away from the islands, have shown a long-term decrease 1. These birds are at risk from
mortality in high seas and continental fisheries 9• As with penguins, it is necessary to
establish the at-sea distributions of several of the albatrosses and petrels that breed at
Marion Island.

1.

2.

5.

6.

7.

8.

Crawford, R. J. M., Cooper, J. & Dyer, B. M. Population of the macaroni
penguin Eudyptes chrysolophus at Marion Island, 1994/95- 2002/03, with
observations on breeding and diet. African Journal of Marine Science 25,475486 (2003). .
Crawford, R. J. M., Cooper, J., Dyer, B. M., Greyling, M. D., Klages, N . T.
W., Nel, D . C., Nel, J. L., Petersen, S. L. & Wolfaardt, A. C. Decrease in
numbers of the eastern rockhopper penguin Eudyptes chrysocome jilholi at
Marion Island, 1994/95- 2002/03. African Journal of Marine Science 25, 487498 (2003).
Crawford, R. J. M., Cooper, J., Du Toit, M., Greyling, M . D., Hanise, B.,
Holness, C. L., Keith, D. G., Nel, J. L., Petersen, S. L., Spencer, K.,
Tshingana, D. & Wolfaardt, A. C. Population and breeding of the gentoo
penguin Pygoscelis papua at Marion Island, 1994/95- 2002/03. African
Journal of Marine Science 25, 463--474 (2003).
Crawford, R. J. M., Dyer, B. M., Cooper, J. & Underhill, L. G. Breeding
numbers and success of Eudyptes penguins at Marion Island, and the influence
of mass and time of arrival of adults. CCAMLR Science 13, 175-190 (2006).
Crawford, R . J. M., Cooper, J., Dyer, B. M., Wolfaardt, A. C., Tshingana, D.,
Spencer, K., Petersen, S. L., Nel, J. L., Keith, D. G., Holness, C. L., Hanise,
B., Greyling, M. D. & du Toit, M. Population, breeding, diet and conservation
of the Crozet shag Phalacrocorax [atriceps] melanogenis at Marion Island,
1994/95-2002/03. African Journal of Marine Science 25, 537- 547 (2003).
Crawford RJM, T Fairweather, LG Underhill, AC Wolfaardt. Implications for
seabirds of an unfavourable, long-term change in the distribution of prey: a
South African experience. In Final Report of the BCLME (Benguela Current

Large Marine Ecosystem) Project on Top Predators as Biological Indicators
ofEcosystem Change in the BCLME (pp. 243- 250, ed. Kirkman, S. P.) (Avian
9.

Demography Unit, Cape Town, 2007).
Cooper, J., Baker, J. B., Double, M. C., Gales, R., Papworth, W. , Tasker, M.
L. & Waugh, S.M. The Agreement on the Conservation of Albatrosses and
Petrels: rationale, history, progress and the way forward. Marine Ornithology
34, 1- 5 (2006).

Crawford, R. J. M. & Cooper, J. Conserving surface-nesting seabirds at the
Prince Edward Islands: the roles of research, monitoring and legislation.
African Journal of Marine Science 25, 415--426 (2003).
Crawford, R. J. M., Cooper, J., Dyer, B. M., Greyling, M. D., Klages, N. T.
W., Ryan, P. G., Petersen, S. L ., Underhill, L. G., Upfold, L., Wilkinson, W.,
De Villiers, M.S., DuPlessis, S., Du Toit, M., Leshoro, T. M., Makhado, A.
B., Mason, M., Merkle, D., Tshingana, D., Ward, V. L. & Whittington, P.A.
Populations of surface-nesting seabirds at Marion Island, 1994/95- 2002/03 .
African Journal of Marine Science 25, 427--440 (2003).

SANAP PI Symposium Final Programme & Abstracts

16

SANAP PI Symposium Final Programme & Abstracts

17

Variability of responses of Wandering Albatrosses Diomedea exulans
to human disturbance
Marienne S. de Villiers\ Les G. Underbill\ Mariette Wheeler\ John
Andreas Lopata2 and Peter G. Ryan3

1
Cooper ,

Variability in the marine ecosystem of the Prince Edward Islands
P.W. Froneman and C.D. McQuaid
Southern Ocean Group, Department of Zoology & Entomology, Rhodes University,
Grahamstown, 6140. Corresponding author: WFroneman@ru.ac.za

1

Avian Demography Unit, Department of Statistical Sciences, University of Cape
Town, Private Bag, Rondebosch 7701, South Africa; 2Institute of Infectious Diseases
and Molecular Medicine, Allergy Research Group, University of Cape Town, Private
Bag, Rondebosch 7701, South Africa; 3Percy FitzPatrick Institute, University of Cape
Town, Private Bag, Rondebosch 7701, South Africa
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From a conservation management perspective (ARESSA theme 4), there is a trade-off
between the gravity of a threat and its manageability. Compared to other threats to
wildlife in the sub-Antarctic, human disturbance may be relatively innocuous but is
easily managed. There is much variability in animals' responses to disturbance
(ARESSA theme 3), and understanding this is key to managing visited sites. We
investigated the variability in responses of Wandering Albatrosses at Marion Island to
pedestrian approaches. We compared responses of birds with different histories of
disturbance: high intermittent disturbance (near Base), low intermittent disturbance
(far from Base) and researcher disturbance (study colonies). History of disturbance
was the factor that best explained variability in behavioural responses. During the
prospecting phase of breeding, birds near Base were more likely to stand when
approached, and bad higher response scores, than birds far from Base. During late
incubation, birds in study colonies or near Base had higher scores than birds far from
Base. During the brooding phase, study colony birds had higher response scores than
non-study colony birds, and birds at colonies closest to Base had the highest scores.
We investigated whether the relationship between history of disturbance and
behavioural response could be explained through the effects of chronic disturbance on
health and/or immunocompetence. Birds with low stress protein levels (HSP90) and
high total protein levels had low responses scores. Most of the variance in stress
protein levels was explained by history of disturbance, largely due to the elevated
stress protein levels of study colony birds. Disturbance may affect breeding success in
this species. For brooding birds, better breeding records were associated with lower
behavioural response scores. Furthermore, over three days of repeated approaches to
birds far from Base, birds approached most times bad the lowest breeding success. It
remains to demonstrate a link between history of disturbance, immunocompetence
and breeding success. The current system of management zones and permitting
provides protection from human disturbance for Wandering Albatrosses on Marion
Island. We recommend that research programmes on breeding seabirds include
controls to measure the effects of human disturbance on breeding success.

The Prince Edward Islands lie within an oceanographic setting characterised by high
mesoscale variability including shifts in the position and intensity of the main frontal
systems that delimit the Polar Frontal Zone (PFZ). In addition, the interaction of the
Antarctic Circumpolar Current (ACC) with the Southwest Indian Ridge generates
both warm and cold core features upstream (west) of the islands. The mesoscale
variability in the oceanographic environment in the vicinity of the islands contributes
to a high degree of both spatial and temporal variability in the abundance, biomass
and species composition of the plankton community within the region. The frontal
systems that delimit the PFZ and warm and cold core features are generally
characterised by increased plankton biomass and therefore represent important
foraging grounds for many of the top predators that are found seasonally on the
islands. Unfortunately due to logistical constraints our understanding of seasonal
changes, which are likely to be substantial, in the marine ecosystem of the islands is
poor. The potential impact of global climate change on the marine ecosystem of the
Prince Edward islands will be discussed.

[
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Genetic diversity across Mario , istand and the sub-Antarctic
Bettine Jansen van Vuuren 1•2, Elizabeth Mortimer, Savel R. Daniels 1' 2, Melodie A.
1
McGeoch1,3, Peter Convel, David J. Marshall 5 and Steven L. Chown
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(2), 143 (2007).
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The biogeography of the Antarctic and its surrounding islands is complex and
contentious with much of this complexity deriving from the compound history of the
South Polar Region. Arguably one of the most important reasons for this situation is
the paucity of molecular work for terrestrial species. Recent collaborative efforts
within the SCAR Evolution and Biodiversity in Antarctica programme enabled crossregional sampling across the sub- and maritime Antarctic, and we present here a
broad-scale molecular phylogeny for the genus Halozetes within the ameronothroid
mites. Our study revealed two well-supported monophyletic groups corresponding to
intertidal and terrestrial/supralittoral mites, and we argue that niche occupation may
be the possible driver of diversification. In contrast to the belief that this group
represents an ancient lineage with a Gondwana distribution, our molecular data
suggest that Halozetes is relatively recent and post dates large scale continental drift.
In this respect, biogeography has been largely sculpted by dispersal. Importantly,
significant differences were found between our molecular data and current taxonomy,
with several of the outgroup taxa nested within the ingroup. In addition, at least one
and possibly two Halozetes species are paraphyletic, indicating the need for a
complete taxonomic revision of this group. At the intraspecific level, arthropod
species distributed across Antarctica show strong population subdivisions largely as a
result of glaciation 1' 2 • Given that many sub-Antarctic islands have a long history of
glaciation and volcanism'ee 3, genetic substructure can similarly be expected for
endemic species occurring on these. Indeed, several Collembola (Cryptopygus
antarcticus and Tullbergia bisetosa) 4 and mite species (Eupodes minutes5 and H.
folvus) as well as the cushion plant Azorella selago 6 are characterized by significant
population subdivision across Marion Island. If vicariance plays a significant role in
shaping observed patterns of genetic variation, one would expect species with similar
distributions to show similar patters of population subdivision. This is indeed the case
on Marion Island where all endemic populations show phytogeographic patterns that
are identical or near identical. Specifically, populations in the vicinity of K.ildalkey
Bay and Bullard Beach on the eastern side and populations around Swartkops Point
on the western side of the island exhibit significant genetic differentiation.
M. I. Stevens and I. D. Hogg, Molecular Ecology 12 (9), 2357 (2003).
F. Frati, G. Spinsanti, and R. Dallai, Polar Biology 24, 934 (2001).
I. McDougall, W. Verwoerd, and L. Chevallier, Geological Magazine 138, 1
(2001).
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Climate change impacts on the terrestrial biodiversity of Marion
Island

Crossing the line: Alien species in the Antarctic
Jennifer E. Lee and Steven L. Chown

Melodie A. McGeoch

[

DST-NRF Centre of Excellence for Invasion Biology, Department of Botany and
Zoology, Stellenbosch University, Private Bag Xi , Matieland 7602, South Africa
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Biological invasions threaten biodiversity in every biome on the planet ' • If we are to
preserve biodiversity, we must reduce the frequency and impact of invasions.
However, before we can manage invasions, we must first understand them.
Traditionally, the process of invasion has been broken down into a series of barriers,
each one representing a particular suite of ecological or physiological challenges an
organism must overcome 3 . What we do not yet fully understand is what type and
quantity of organisms cross each of these barriers. Using the South African National
Antarctic Programme logistics operation as a model system, we investigate the
various stages of an invasion, identifying biosecurity weaknesses and suggesting
possible management solutions.
1.

McKinney, M. L. & Lockwood, J. Biotic homogenization: a few winners
replacing many losers in the next mass extinction. Trends in Ecology and
Evolution 14, 450-453 (1999).

2.

Sala, 0 . E., Chapin, F. S., Armesto, J. J. , Berlow, E., Bloomfield, J. , Dirzo,
Huber-Sanwald ,E., Huenneke, L. F., Jackson, R. B., Kinzig, A., Leemans,
Lodge, D. M., Mooney, H. A., Oesterheld, M., Poff, N. L., Sykes, M.
Walker, B. H ., Walker, B. H. & Wall, D. H. Global biodiversity scenarios
the year 2100. Science 287, 1770-1774 (2000).

3.

Richardson, D. M., Pysek, P., Rejmanek, M., Barbour, M. G., Panetta, F. D.
& West, C. J. Naturalization and invasion of alien plants: concepts and
definitions. Diversity and Distributions. 6 93-107 (2000).

R.,
R.,
T.,
for

Department of Conservation Ecology and Entomology, University of Stellenbosch,
Private Bag XI , Matieland 7602, South Africa.

Observed and predicted impacts of global climate change on terrestrial biota include
changes in individual performance, idiosyncratic species responses and as a
consequence community reassembly, species range shifts and a change in the form
and strength of species interactions 1-3. However, generalizations that have been drawn
about species responses to global change in many cases have a strong northernhemisphere bias as a consequence of the comparative dearth of austral studies. The
sub-Antarctic Prince Edward Islands are experiencing levels of climate change greater
than the global average, in common with other parts of polar regions 3 . The biotic
response hypotheses listed above were tested on Marion Island focusing
predominantly on a keystone plant species (Azorella selago, Apiaceae) and its
associated epiphytes and microarthropods. A combination of mensurate, natural
climate gradient and field-experiment approaches were used to quantify both aspects
of climate and species responses. A number of biologically-relevant changes in
Marion Islands' climate were identified, including longer dry spells and an increase in
the frequency of high evaporation events4 . The temperature of the western side of the
island was shown to be temperate in comparison with the eastern side 5, and both plant
and microarthropod community characteristics were indeed shown to differ between
island sides 6. Responses to the altitudinal climate gradient on the island have also
been shown in the microarthropod community and in the form of interspecific
interactions in the plant community6•7• Both A. selago and springtail species
responded negatively to experimental warming and drying, with comparatively
idiosyncratic species-level responses 8•9• To date there is thus strong evidence for the
climate-sensitivity of Marion Islands' fauna and flora based on historical and current
patterns of biotic variation across the island, as well as manipulative field
experiments. Future multidisciplinary studies that include physiology, genetics,
biogeomorphology and climate modelling will enable system-level understanding and
a predictive glimpse of Marion Island under a future climate.

1.

2.

3.

4.
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Parmesan, C. Influences of species, latitudes and methodologies on estimates
of phenological response to global warming. Global Change Biology 13,
1860-1872 (2007).
Sutherst, R.W., Maywald, G.F. & Bourne, A.S. Including species interactions
in risk assessments for global change. Global Change Biology 13, 1843- 1859
(2007).
McGeoch, M.A .. Climate Change Biology. in Encyclopaedia of the Antarctic
(ed. Riffenburgh, B.) (Routledge, Taylor and Francis, New York, 2006, pp.
255-257).
LeRoux, P.C. & McGeoch, M.A. Changes in climate extremes, variability and
signature on sub-Antarctic Marion Island. Climatic Change DOl
10.1007Is I 0584-007 -9259-y (2007).
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Nyakatya, M.J. & McGeoch, M.A. Temperature variation across Marion
Island associated with a keystone plant species (Azorella selago Hook.
(Apiaceae)). Polar Biology (in press).
McGeoch, M.A., le Roux, P.C., Hugo, E.A. & Nyakatya, M.J. Spatial
variation in the terrestrial biotic system. in The Prince Edward Islands: LandSea Interactions in a Changing Ecosystem (eds Chown, S.L. & Froneman,
P.W.) African SunMedia, Stellenbosch, in press).
LeRoux, P.C. & McGeoch, M.A. The use of size as an estimator of age in the
sub-Antarctic cushion plant, Azorella selago (Apiaceae). Arctic, Alpine and
Antarctic Research 36, 608-616 (2004).
LeRoux, P.C., McGeoch, M.A., Nyakatya, M.J. & Chown, S.L. Effects of a
short-term climate change experiment on a keystone plant species in the subAntarctic. Global Change Biology 11, 1628-1639 (2005).
McGeoch, M.A., le Roux, P.C., Hugo, A.E. & Chown, S.L. Species and
community responses to short-term climate manipulation: microarthropods in
the sub-Antarctic. Austral Ecology 31, 719-731 (2006).

Exploring trophodynamics in the Southern Ocean: applications of
fatty acid biomarkers and stable isotope ratios
Nicole B. Richoux and P. William Froneman

Southern Ocean Group, Department of Zoology and Entomology, Rhodes University,
Grahamstown, South Africa 6140
The dynamics of transfer of organic carbon among producers and consumers has
interested trophic ecologists for several decades 1. This field of research has proven to
be particularly challenging for those investigating aquatic environments, as organisms
of interest are often very small, remote and/or behaviourally complex. Furthermore,
many species of plankton demonstrate a high degree of feeding plasticity, as the nature
and availability of food can vary considerably both spatially and temporally. The diets
of consumers are classically studied using gut contents and/or gut fluorescence
analyses, approaches that are limited to freshly ingested prey, and in the latter case to
herbivorous feeding 2 . Two methods that provide a time-integrated view of an
organism's assimilated feeding history and incorporate both herbivorous and
carnivorous pathways involve the determination of stable isotope ratios and fatty acid
profiles 3,4 . Stable isotope ratios in animal tissues can be used as tracers to original
sources of carbon at the base of a food chain as well as indicators of the trophic level
of a population5, and fatty acids can provide information on the type and quality of
resources assimilated by aquatic animals over ecologically meaningful time periods6.7.
The aims of our current study are to determine trophodynamics among the numerically
dominant zooplankton species and to assess regional differences in ecosystem fitness
within the Subtropical Convergence zone (STC) using both stable isotope ratios and
fatty acid profiles. As the STC can act as an effective biogeographical barrier8, food
webs and the dynamics of energy transfer from primary producers to consumers on
either side of this barrier are expected to differ. As global climate change has the
potential to cause major shifts in the location, strength and physical and biological
properties of the STC9 , it is important to understand the potential effects on the
biological communities inhabiting the region. Any changes in the food quality or
availability for the dominant species or in the trophic relationships among producers
and consumers may have serious implications for top consumers such as fish, birds
and mammals. Successful characterization of food webs in the STC will provide an
excellent framework for future studies in Southern Ocean trophic ecology.

1.

2.

3.

4.
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Deason, E.E., Smayda, T.J. Experimental evaluation of herbivory in the
ctenophore Mnemiopsis leidyi relevant to ctenophore-zooplanktonphytoplankton interactions in Narragansett Bay, Rhode Island, USA. J.
Plankton Res., 4, 219-236 (1982).
Perissinotto, R., Gurney, L., Pakhomov, E.A. Contribution of heterotrophic
material to diet and energy budget of Antarctic krill, Euphausia superba. Mar.
Bioi. 136, 129-135 (2000).
Michener, R.H., Shell, D.M. Stable isotope ratios as tracers in marine aquatic
food webs. In: Stable Isotopes in Ecology and Environmental Science (eds
Lajtha, K. & Michener, R.H.) (Blackwell Scientific, Oxford, 1994).
Parrish, C.C., Abrajano, T.A., Budge, S.M., Helleur, R.J., Hudson, E.D.,
Pulchan, K., Ramos, C. Lipid and phenolic biomarkers in marine ecosystems:
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A whole-island estimate of energy flow and nutrient cycling for
Marion Island: Pie-in-the-sky or realizable?

analysis and applications. In: The Handbook of Environmental Chemistry (ed
Wangersky, P.J.) (Springer-Verlag, Berlin, 2000).
Peterson, B.J., Fry, B. Stable isotopes in ecosystem studies. Annual Rev. Ecol.
Systematics, 18, 293-320 (1987).
Dalsgaard, J., St. Jobn, M., Kattner, G., Muller-Navarra, D., Hagen, W. Fatty
acid trophic markers in the pelagic marine environment. In: Advances in
Marine Biology (eds Southward, A.J., Tyler, P.A., Young, C.M., Fuiman,
L.A.) (Academic Press, Amsterdam, 2003).
Richoux, N.B., Deibel, D., Thompson, R.J., Parrish, C.C. Seasonal and
developmental variation in the fatty acid composition of Mysis mixta
(Mysidacea) and Acanthostepheia malmgreni (Amphipoda) from the
hyperbenthos of a cold-ocean environment (Conception Bay, Newfoundland).
J. of Plank Res. 8, 719-733 (2005).
Deacon, G.E.R. Physical and biological zonation in the Southern Ocean.
Deep-Sea Res. 29, 1-15 (1982).
Bargagli, R. Antarctic Ecosystems, Environmental Contamination, Climate
Change, and Human Impact (Springer, Berlin, 2005).
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One of the earliest objectives of the biological research program on Marion Island was
project "to obtain a better insight into the interesting food cycles of the ecosystem of
1
the oceanic island Marion" , and the specific aims were to quantify the flow of energy
(primary and secondary production, decomposition) and cycling of nutrients (oceanisland interactions and nutrient cycling in the vegetation and soils). Research toward
this objective has included synecological studies of the standing crop2, primary
4
production3 , nutrient uptake and soil respiration 5 of selected lowland plant
communities, a quantification of the transfer of nutrients and energy from the ocean
6
to the island via precipitation and manuring by seabirds and seals 7 , and also some
autecological studies of primary production and mineral nutrition of selected plant
species 8. The primary production and nutrient cycling studies involved an onerous
program of collecting, sorting and chemically analysing several thousand plant and
soil samples over several years, and resulted in information for only eight of the
39
island's 42 plant communities ' • The original aspiration of a whole island energy and
nutrient flow model seemed unattainable. However, ordinations of soil chemistry, soil
physical and botanical information showed that the island's vascular and cryptogamic
plant species occur as a set of groups in the ordination spaces. The groupings, with
considerations of the species growth form and taxonomic characteristics, enable a
suite of plant guilds to be recognised in the island's flora. These guilds proved
cardinal in classifying the island's terrestrial habitats 10 along gradients of the main
forcing variables that determine ecological succession on the island (moisture,
exposure, parent soil material, salt-spray and manuring and trampling by seals and
seabirds). The forcing variables determine structure (habitat type) through their
influence on function (primary production, decomposition, nutrient pool sizes and
transformations). Hence the plant-guild approach has potential for a model to estimate
standing crop, primary production, energy capture and patterns of uptake,
retranslocation /litter loss of nutrients for habitats or plant communities for which we
have no, or only incomplete, data. This talk explores that potential and points out what
information is needed to complete, parameterize and verify the model.
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ARESSA THEME V: The History, Sociology and Politics of
Antarctic Exploration and Research
South Africa's involvement in Antarctica and the Southern Ocean:
A historical and geo-political, perspective
Jan Glazewski

Faculty ofLaw, University of Cape Town
This talk examines South Africa's involvement in the Southern Ocean and the
Antarctic continent since the days of the early European explorers to present, with the
view to considering what future policy South Africa should adopt towards the Area. It
firstly describes the colonisation of the various islands in the Southern Ocean paying
particular attention to the events leading up to South Africa's annexation of the Prince
Edward Islands. It then explores possible reasons why South Africa did not lodge a
claim to Antarctic territory. Finally it describes South Africa's adoption of the 1959
Antarctic Treaty when it became one of the 12 founding members of the Antarctic
Treaty and subsequent involvement in a number of Antarctic treaties which
collectively make up the Antarctic Treaty System. This was despite South Africa's
exclusion from most other international for a during the apartheid isolationist years. It
is suggested that South Africa's active and world renown scientific community played
a crucial roe in this regard. In conclusion the article makes some suggestions for the
new democratic South Africa's role in this regard.
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SANAP environmental authorisation processes

SANAP SCIENCE IN AN INTERNATIONAL CONTEXT

Carol Jacobs

SANAP Science over the past decade: A recent evaluation

Sub-Directorate: Environmental Impact Evaluation (Antarctica and Islands),
Department ofEnvironmental Affairs and Tourism, Private Bag X447, Pretoria, 0001,
South Africa

Steven L. Chown
DST-NRF Centre of Excellence for Invasion Biology, Department of Botany and
Zoology, Stellenbosch University, Private Bag Xi, Matieland 7602, South Africa

As part of a review of the South African National Antarctic Programme (SANAP),
undertaken by the South African Government, a background report on the
productivity and research findings of the SANAP over the past ten years was
commissioned. This report 1 highlighted the strengths and outputs of the programme
and identified several major challenges, especially in the field of oceanography. The
report also sets out the international and national context within which South African
researchers typically operate and from which they can benefit. In this presentation, an
overview of the Antarctic Treaty System, the Scientific Committee on Antarctic
Research, and the major scientific fmdings of the background commissioned report
are presented. This short overview is meant to stimulate a discussion of the current
strengths and opportunities of the SANAP, and areas where, as researchers, it is our
view that more can be done. One key outcome of the report was that inter-disciplinary
work tends to be serendipitous rather than sought after.

I.

Chown, S. L. & de Beer, J. H. Commissioned Background Report. 2007
Review. South African National Antarctic Programme. Report prepared under
contract to the Department of Environmental Affairs and Tourism and the
National Research Foundation, 100 pp (2007).

This talk concerns the way in which you1 work must fit into the current environmental
processes applicable to the South African National Antarctic Programme (SANAP),
under the auspices of the Department of Environmental Affairs and Tourism (DEAT).
The following 3-point principle in terms of environmental impacts can be followed:

I. What do you want to do? (what, where, how, etc.)
2. What will the impacts on the environment be?
3. How do you intend to mitigate those impacts?
In following this principle, Principal Investigators are bound to the legislation
applicable to SANAP's operational areas:
ANTARCTICA:
I. Protocol on Environmental Protection to the Antarctic Treaty (Annex I)
This Annex outlines that an Initial Environmental Evaluation (lEE) must be submitted
for any new activity that will impact on the environment in Antarctica. If the impact
is less than minor or transitory, the activity can be authorised by DEAT. If the lEE
determines that the impact will be more than minor or transitory, a Comprehensive
Environmental Evaluation (CEE) will be required. The lEE (and CEE, if required)
must be submitted to DEAT for consideration.
MARION ISLAND:
I. National Environmental Management Act (NEMA), Act No. 107 of 1998
2. NEMA's Environmental Impact Assessment (EIA) Regulations, 2006
Listing Notices 386 and 387 of the EIA Regulations provide the lists of activities for
which a Basic Assessment Report (BAR) or Environmental Impact Report (EIR)
respectively, are required. The BAR or EIR must be submitted to DEAT for
consideration.

[.

Forms and templates are available from DEAT.
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Marine population modelling in the Antarctic - international
contributions

I.

Plaganyi, E.E. Models for an Ecosystem Approach to Fisheries. FAO
Fisheries Technical PaperNo. 477. Rome, FAO. 2007. 108p. ISBN 978-92-5105734-6 (2007).

Doug S. Butterworth, Eva E. Plaganyi, Anabela Brandao, Sara Mkango and Susan J.
Johnston

2.

Plaganyi, E.E. & Butterworth, D.S. A Spatial Multi-species Operating model
of the Antarctic Peninsula krill fishery and its impacts on land-breeding
predators. Commission for the Conservation of Antarctic Marine Living
Resources Document WG-SAM-07112. 33 pp. (2007).

3.

Plaganyi, E.E. & Butterworth, D.S. An illustrative management procedure for
exploring dynamic feedback in krill catch limit allocations among small-scale
management units. Commission for the Conservation of Antarctic Marine
Living Resources Document WG-EMM-06/ 28. 17 pp. (2006).

4.

Mori, M. & Butterworth, D.S. 2006. A first step towards modeling the krillpredator dynamics of the Antarctic ecosystem. CCAMLR Science 13, 217- 277
(2006).

5.

Johnston, S.J. & Butterworth, D.S. Initial stock assessments of the Southern
Hemisphere humpback whale Breeding Sub-Stock Bl. International Whaling
Commission document SC/59/SH03. 8pp. (2007).

6.

Johnston, S.J. & Butterworth, D.S. Further assessments of the Southern
Hemisphere humpback whale Breeding Stock C and its component SubStocks. International Whaling Commission document SC/59/SH04. 22pp.
(2007).

7.

Brandao, A. & Butterworth, D.S. 2006 assessment of the toothfish
(Dissostichus eleginoides) resource in the Prince Edward Islands vicinity.
Commission for the Conservation of Antarctic Marine Living Resources
Document WG-FSA-06/58. 34pp. (2006).

8.

Brandao, A. & Butterworth, D.S. Extension of the development of a
management procedure for the toothfish (Dissostichus eleginoides) resource in
the Prince Edward Islands vicinity. Commission for the Conservation of
Antarctic Marine Living Resources Document WG-SAM-07110. 25pp. (2007).

Marine Resource Assessment and Management Group (MARAM), Department of
Mathematics and Applied Mathematics, University of Cape Town, Rondebosch 7701,
South Africa
Quantitative population dynamics models are required to contribute to understanding
of Antarctic marine ecosystem structure and functioning as well as to provide tactical
management advice pertaining to important harvested resources such as krill
(Euphausia superba) and toothfish (Dissostichus eleginoides). Moreover, world-wide
there has been a move towards an Ecosystem Approach to Fisheries such that there is
a need for the development of species-interaction models that can take ecosystem
aspects into account 1• Four different aspects of marine population dynamics modelling
in the Antarctic are described. The first pertains to a request by CCAMLR
(Commission for the Conservation of Antarctic Marine Living Resources) for
scientific advice regarding the subdivision of the precautionary catch limit for krill
among 15 small-scale management units (SSMUs) in the Scotia Sea to reduce the
potential impact of fishing on land-based predators. In response, a Spatial Multispecies Orerating Model (SMOM) of krill-predator-fishery dynamics has been
developed .J . The operating model is assumed to simulate the "true" dynamics of the
resource and is used to test decision rules for adjusting fishing activities (e.g. catch
limits) based on field data in the future. Preliminary results have been useful in
evaluating different spatial allocations of krill catches. Moving to an Antarctic-wide
spatial scale, earlier work4 of pertinence to both CCAMLR and the IWC (International
Whaling Commission) saw the development of a model involving the interactions of
krill, four baleen whale and two seal species in an attempt to explain their abundance
trends over the past two centuries. Recent initiatives seek to determine whether the
incorporation of a further species with faster dynamics, such as squid, would lead to
qualitative changes in predictions, and further whether supporting evidence can be
found for this model's prediction that Antarctic fin whales (Balaenoptera physalus),
of which some 700 thousand were taken, were early beneficiaries of a "krill surplus"
and thus not initially as numerous as customarily supposed. Allied to this are
assessments to determine the current status of the recovering populations of
humpback whales (Megaptera novaeangliae) off the African west and east coasts as
part of the IWC's comprehensive assessment of this species 5•6 . Finally population
models have been developed to provide scientific advice for setting appropriate catch
levels for the toothfish resource off South Africa's Prince Edward Islands7• Recent
information from the length distributions of catches by the fishery suggest that the
resource may not have been as depleted by earlier illegal fishing as previously
supposed, and a feedback management procedure that takes due account of the
associated uncertainties is under development as the basis for providing future advice
on catch levels in this fishery 8 .
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A review of the ground thermal attributes on Marion Island and its
geomorphic and climate change implications

Poster Abstracts

ARESSA THEME II: Climate Variability: Past, Present and
Future

Werner Nel I, Jan B~elhouwers2 , Ian Meiklejohn3 and David Hedding4
1

Snow cover and zero-curtain effects on ground climate in a diurnal
frost environment, Marion Island
Jan Boelhouwers
Department of Earth Sciences, Uppsala University, Villaviigen 16, 75236 Uppsala,
Sweden

Snow cover has a well-known thermal insulation effect on underlying soils. Similarly,
the freeze-up and subsequent thaw of soils can lead to a period of isothermal
conditions due to latent heat exchange of freezing and thawing soil water, known as a
zero-curtain effect. These thermal effects are known for permafrost and seasonal frost
environments. Here, impacts of snow cover on soil heat and water fluxes are
evaluated for the maritime diurnal frost environment of Marion Island. Snowfall and
snow cover is described from direct observations by Holness for the year 1999
(Holness, 2001). Ground temperature and soil moisture records at 200m, 750m and
I OOOm as! are used to demonstrate the effects of snow cover on the ground thermal
and moisture regime. Effects of zero-curtain conditions are demonstrated in absence
of snow. Snow cover is shown to occur for a significant part of the year at altitudes
above 400m as!. and is an important modifier of the ground climate. As radiation
inputs are buffered by the snow, the ground heat flux establishes a balance with the
latent heat exchange of the melting snow. Surface temperatures stabilize at the
melting point of ice, similar to a zero-curtain effect. Meltwater percolation at the end
of the snow cover period may induce a rapid cooling down the soil profile.
Ground temperature profiles at 750m as! show snow insulation to result in isothermal
soil profiles. In the absence of snow, an effective zero-curtain effect establishes at
depths of 10-20cm during winter. Complex heat flows by water advection and water
vapour transport continue beneath the zero-curtain zone in response to the repeated
phase changes of water near the surface. In contrast to polar regions, maritime diurnal
soil frost environments snow cover not only exhibits a direct thermal insulation effect
but is shown to act as a distinct source of cooling on underlying soils. The zerocurtain effect is shown to be a prominent feature in this environment and reveals
complex latent heat exchange mechanisms that result in a similar thermal insulation
effect as snow. On Marion Island, both snow and the zero-curtain effect lower the
winter mean ground temperatures to values close to the freezing point of water, to at
least 80cm depth. The soil frost cycle frequency-intensity is increasingly reduced by
snow cover with increasing altitude.
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Department of Geography and Environmental Science, University of Fort Hare,
2
Alice, 5700, South Africa; Department of Earth Sciences, Uppsala University,
Villaviigen 16, 75236 Uppsala, Sweden; 3Department of Geography, Geoinformatics
& Meteorology, University of Pretoria, Pretoria, 0002, South Africa; 4Department of
Geography and Environmental Sciences North-West University, Mafikeng Campus,
Mmabatho, 2735, South Africa.

Diurnal soil frost environments are mostly studied in a continental context. In
contrast, the maritime sub-Antarctic possesses a highly maritime climate that has been
shown to result in highly effective conditions for soil frost processes 1• In addition, soil
displacement by frost is now recognised as having important interactions with
terrestrial ecosystems in the sub-Antarctic region and on Marion Island specifically. A
review of the ground thermal attributes on Marion Island demonstrates the low diurnal
and seasonal soil temperature ranges on the island. It also provides the first
approximations of the altitudinal lapse rates and the general increase in soil frost
activity with altitude. Lowland environments are characterized solely by diurnal
freezing with a large number of surficial freeze-thaw cycles while high altitude areas
are distinguished by longer term freezing events and deeper soil frost penetration
associated with the zero-curtain effect and snow cover (see Boelhouwers - poster).
The recorded ground temperature data indicate a rapid decrease in frost cycle
frequency-intensity with depth and permafrost has not been measured. Isolated
pockets of permafrost exist in valley floors above 1000 a.s.l and are linked to
perennial snow and ice patches (see Boelhouwers - poster). A reduction in winter
snow cover due to climate amelioration could offset some of the consequences of
current climate warming on soil frost conditions. Noticeable shortcomings of the
current published ground temperature dataset are, first, that data are restricted to the
eastern part of the island, which is known to undergo more continental conditions than
the rest of the island. Second, temperature data are lacking for the mid-altitudinal
(300-600m as!) areas where ecosystem interactions are potentially greatest. Third,
Island-scale aspect variations in ground temperature and, fourth, moisture and energy
balance drivers of the ground climate on Marion Island, are poorly understood at
present.
1.

Boelhouwers, J. C., Holness, S. & Sumner, P.D. The maritime Subantarctic: A
distinct periglacial environment. Geomorphology 52, 39-55 (2003).
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ARESSA THEME III: Biodiversity: Responses to Earth
System Variability
Plot- and slope-scale topographic and vegetation control on ground
temperature spatial variability: synoptic-scale observations from
Marion Island

Self-organization, self-similarity and entropy of Azorella selago banked terraces, Marion Island
Jan Boelhouwers 1, Melodie McGeoch2 and Jonas Bostrom'
1
Department ofEarth Sciences, Uppsala University, Vil/avagen i6, 75236 Uppsala,
Sweden, 2Dept. of Conservation Ecology & Entomology, Stellenbosch University,
Private Bag Xi, Matieland 7602, South Africa

Jan Boelhouwers
Department ofEarth Sciences, Uppsala University, Villavagen i6, 75236 Uppsala,
Sweden

Marion Island is centrally located in the global belt of diurnal soil frost environments.
It's maritime location results in a high frequency of diurnal frost cycles that cause
globally- unequalled rates of sediment displacement. Landscape-scale understanding
of soil frost dynamics on Marion Island and its interactions with terrestrial
ecosystems, requires an understanding of spatial and temporal patterns of the
environmental controls driving and constraining soil frost action. As frost cycles
occur at the synoptic time-scale this is the temporal scale at which analysis should be
focused. At the spatial scale, local topography and vegetation plays an important
control on the radiation budget and other micro-climatic parameters. In this study,
measurement results are presented of i) slope aspect control on soil temperature at the
block- to slope scale, ii) diurnal spatial variability of soil surface temperature and
moisture within a 18x10m plot, iii) micro-climate variations, both upwind-downwind
and upslope-downslope, from Azorella selago cushions. Results from all three
situations clearly establishes that cloud cover and air circulation type plays a
dominant role in explaining ground climate spatial variability. Westerly air circulation
results in mild and uniform temperatures across the landscape. In contrast, clear sky
conditions associated with southerly air circulation creates a large temperature
differentiation in the landscape, based primarily on topographic control of the
radiation budget. Complex interactions between soil climate parameters and
atmosphere are found around Azorel/a selago. A reduction in cloud cover, as
suggested by Smith (2002) 1, is predicted to increase diurnal soil temperature and
moisture extremes and their spatial variability across Marion Island and will increase
the role of slope aspect as a control on soil frost cycle frequency and intensity.
Enhanced nocturnal radiative heat loss will also (partially) offset, or even reverse,
atmospheric warming effects on ground frost on cooler slopes. This can lead to a
higher spatial variability in soil movement rates and indirectly, increased patchiness in
vegetation patterns. Longer term ground temperature monitoring at an island scale is
underway to further test this hypothesis. A synoptic climate classification is also being
developed to understand decadal changes in dominant air circulation patterns at the
island.

1.

Complex systems theory is increasingly applied to ecological and geomorphological
problems to address the shortcomings of traditional reductionist approaches. While
many examples exist of ecological and geomorphological phenomena described in
terms of self-organization, this is rare for interactive ecological-geomorphological
systems. Here we analyze the geobiological interactions of Azorella selago-banked
terraces in terms of their self-organizing behaviour. Self-similarity across spatial scale
of the landforms is tested by means of measurement of terrace morphometry at three
different locations. The degree of order of the landscape at the sites in which the
terraces are found, is estimated by means of Shannon's entropy index. Based on
available data and theoretical considerations, we develop a theoretical model for
terrace development, viewed as a self-organizing system, in which repeated small
perturbations (frost cycles) on a randomly distributed substrate (non-sorted glacial
till), lead through several feedback loops (particle size sorting and Azorella
stabilization and growth dynamics) to a self-organized landscape (non-random terrace
distribution), where terrace morphology can be viewed as an emergent property of the
system. The morphometrical analysis suggests that terraces show a certain degree of
self-similarity but that terrain factors, such as slope angle, play a role in the specific
organization of the landforms. As all slopes have had ample time to develop terraces,
self-organization cannot be tested through time by means of entropy analysis.
However, the three different sites each display as a distinct cluster of entropy values.
We conclude that approaching the study of turf-banked terraces and the interactions
between ecological and geomorphological systems from the perspective of selforganization theory can lead to promising new perspectives and insights.

Smith, V. Climate change in the sub-Antarctic: An illustration from Marion
Island. Climate Change 52, 345-357 (2002).
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Genetic variation and population structure in southern elephant seals
Mirounga leonina at Marion Island

Mesozooplankton community structure in the vicinity of the
Subtropical Convergence in the Indian sector of the Southern Ocean
during austral autumn 2007

L.F. Chauke, A.D.S. Bastos, M.N. Bester, Anna Fabiani, and A.R. Hoelzel
R. Daly and P.W. Froneman
The southern elephant seal (SES), Mirounga leonina, was intensively harvested
during the late 18th and early 19th century, though never reduced to the levels seen
for the northern species (Mirounga angustirostris). Although a number of putative
populations occurring within the species' circumpolar distribution in the southern
oceans have been genetically characterised, no data were previously available for the
Marion Island population. This study integrates Marion Island into the broader
database by genetically profiling 68 individuals with 7 microsatellite DNA loci and a
single mitochondrial DNA (mtDNA) locus corresponding to HVRI. These data were
then combined with existing genotypes from Argentina, Macquarie, South Georgia,
Elephant Island and Sea Lion Island breeding colonies, permitting inter-population
level comparisons. Genetic variation was high for both microsatellite and mtDNA loci
at Marion Island, consistent with levels previously reported for the other populations,
with the exception of Peninsula Valdes (Argentina) where diversity levels are low.
Marion Island was significantly differentiated from each of the other breeding
colonies included in the study based on FsT analyses for both microsatellite and
mtDNA data. The magnitude of these values was somewhat higher than those
previously reported between South Georgia, Sea Lion Island and Elephant Island, but
considerably less than the distances reported between either Peninsula Valdes or
Macquarie Island in comparison with the rest (including Marion Island). These data
are consistent with the earlier interpretation that most putative island populations
show moderate levels of differentiation not directly related to geographic distance,
while the mainland population in Argentina and the island population at Macquarie
stand out as highly differentiated from the rest.

l
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Southern Ocean Group, Department of Zoology and Entomology, Rhodes University,
Grahamstown.

The importance of the Subtropical Convergence (STC) as a biogeographical barrier to
the distribution of mesozooplankton (200-2000~m) was investigated in the Indian
sector of the Southern Ocean during austral autumn 2007. Hydrographic data
revealed a well defined surface and sub-surface expression of the STC which
appeared to meander considerably between 4! 0 S and 4! 0 l5 'S. Surface chlorophyll-a
concentrations were generally low ranging between 0.08 and 0.68mgChl-a.m-3 and
were dominated by picophytoplankton (<0.2~m) which made up 68 .6% of the total
pigment. Chlorophyll-a concentrations integrated over the top 150m of the water
column ranged between 11.97 and 40.07mgChl-a.m-2 and showed no significant
(p>0.05) spatial patterns in distribution. Total mesozooplankton abundance and
biomass ranged between 13.1 and 1028.4 ind.m-3 and 0.8 and 23 .1mg.Dwt.m- 3,
respectively. There were no significant (p>0.05) spatial patterns in the total
mesozooplankton abundance and biomass within the region of study. No significant
(p>0.05) correlations were found between biological variables (chlorophyll-a
concentrations and zooplankton abundance and biomass) and physiochemical
variables (temperature and salinity). The total mesozooplankton community structure
was numerically dominated by copepods of the genera Pluromamma, Calanus and
Oithona. Other important representatives of the mesozooplankton community
included Euphausia furcilia, Chaetognaths (Eukronia and Sagitta spp) and the
pteropod, Limacina retroversa. At the 40% similarity level, numerical analysis
identified five distinct mesozooplankton groupings within the survey area.
Differences between the groupings were associated with changes in the relative
contribution of numerically dominant species rather than presence or absence of
individual species. This suggests that the front did not act as a strong biogeographic
barrier to the distribution ofmesozooplankton during the study.
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Photogrammetric estimation of pinniped mass: are we making
realistic field procedure advancements?

Breeding numbers and success of Eudyptes penguins at Marion
Island, and the influence of mass and time of arrival of adults

P.J.N. de Bruyn and Marthan N. Bester

Bruce M. Dyer1, Robert J. M. Crawford 1•2 , John Cooper and Les G. Underhi11 2
1

Mammal Research Institute, Department of Zoology & Entomology, University of
Pretoria, Pretoria 0002, South Africa

The ability to estimate body mass of pinnipeds at different stages during their life
cycles enhances our capacity for investigating physiological, behavioural and life
history parameters affecting individuals and populations. Body mass determination of
many pinniped species is however a logistically complicated task. Photogrammetry
1
has been used for the determination of mass for three pinniped species •2 •3 • The
present constraints under which photogrammetry can be used to accurately estimate
seal mass are rigid 1•2•3 . Although accurate, such constrained methods are of limited
field use. We use 200 calibrated photographs of 28 known mass southern elephant
seals (Mirounga leonina) from Marion Island, to test a novel approach to minimising
constraints on field photogrammetric methods. Previous methods required specific
animal postures, substrates, scaling and the observer's adherence to constant focal
distance at set angles. Our preliminary findings show that with fewer limitations on
the animal and strict adherence to manageable methodology by the observer, accurate
mass estimations can be attained. Our method is based on orientation of the substrate
upon which the animal is resting in 3-dimensional space. The animal is then crossreferenced upon this oriented substrate to create an enclosed, surfaced 'model' seal.
Volumetric measurements are achieved from this 'model' seal. Four calibrated
photographs taken at perpendicular angles around the animal improved the mean mass
estimate by 55% compared with three photographs (i.e. one side of the animal remains
unknown). Six photographs taken from different positions around the animal provided
the closest real mass estimates (within 5- 25% of measured mass). The greatest factor
associated with decreasing accuracy is the angle between camera stations (i.e. where
each picture is taken from), followed by substrate unevenness and lastly by scaling
method. Hidden protuberances/cavities around or under the seal ultimately reduce
mass estimation accuracy, but our preliminary results indicate robustness of our
method up to intermediate levels of unevenness. Our method provides the first
accurate photogrammetric modeling results for non-immobilised pinnipeds on uneven
surfaces under usual field conditions. We illustrate where improvements on this
method, such as targeting of the substrate for photograph orientation and scale-down
rather than scale-up measures improve estimates by up to 40%.
1.

2.
3.

Marine and Coastal Management, Department of Environmental Affairs and
Tourism, Private Bag X2, Rogge Bay 8012, South Africa; 2Avian Demography Unit,
Department of Statistical Sciences, University of Cape Town, Rondebosch 7701,
South Africa.

At Marion Island, numbers of macaroni penguins Eudyptes chrysolophus and
especially eastern rockhopper penguins E. chrysocome filholi have been decreasing.
For both species the time of arrival of females for breeding, and for rockhopper
penguins the mass of females on arrival, was significantly related to breeding
success 1• Therefore, over-wintering conditions appear to influence breeding success.
The mass on arrival of macaroni penguins has fluctuated around a constant level, but
was noticeably poor following the El Niiio of 1997/98 2• The mass of returning
rockhopper penguins has been decreasing, so that they now commence breeding in a
poorer condition than previously. In 2007, instruments were attached to some birds at
the conclusion of their moult to investigate the direction of travel to the winter feeding
grounds. One male macaroni and two unsexed rockhopper penguins moved to the
southeast, whereas three macaroni penguins of both sexes travelled south or
southwest. The male macaroni penguins travelled farther than the female in the same
time. Should winter food be displaced to the south, the condition of female macaroni
penguins returning to breed may also deteriorate.

1.
2.

Crawford, R. J. M., Dyer, B. M., Cooper, J. & Underhill, L. G. Breeding
numbers and success of Eudyptes penguins at Marion Island, and the influence
of mass and time of arrival of adults. CCAMLR Science 13, 175- 190 (2006).
Crawford, R. J. M., Duncombe Rae, C. M., Nel, D. C. & Cooper, J. Unusual
breeding by seabirds at Marion Island during 1997/98. African Journal of
Marine Science 25, 453-462 (2003).

Bell, C.M., Hindell, M.A. & Burton, H.R. Estimation of body mass in the
southern elephant seal, Mirounga leonina, by photogrammetry and
morphometries. Mar. Mamm. Sci. 13,669-682 (1997).
Haley, M.P., Deutsch, C.J. & LeBoeuf, B.J. A method for estimating mass of
large pinnipeds. Mar. Mamm. Sci. 7, 157-164 (1991).
Waite, J.N., Schrader, W.J., Mellish, J.E. & Homing, M. Three-dimensional
photogrammetry as a tool for estimating morphometries and body mass of
Steller sea lions (Eumetopias jubatus) Can. J. Fish. Aquat. Sci. 64, 296-303
(2007).
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ICEFISH: Closing the gaps in the knowledge of sub-Antarctic
nothenioid fishes

Directionality in sediment patterns associated with a keystone plant
species on Marion Island

Ofer Gon, Monica Mwale and M. Eric Anderson

Natalie S. Haussmann\ Melodie A. McGeoch and Jan C. Boelhouwers 2

South African Institute for Aquatic Biodiversity, Private Bag I OI5, Grahamstown
6140, South Africa

1

1

Department of Conservation Ecology and Entomology, Stellenbosch University,
Private Bag XI, Matieland 7602, South Africa; 2Department of Earth Sciences,
Uppsala University, Villaviigen I6, 752 ~6 Uppsala, Sweden

Since the 1957-58 IPY research on Southern Ocean fishes, particularly the dominant
suborder Notothenioidei, increased dramatically. Throughout this period subAntarctic notothenioid fishes received significantly less attention than their
continental Antarctic relatives. Moreover the limited work that was done, mostly by
British, French and Russian ichthyologists, involved mostly biodiversity surveys and
studies relating to fisheries biology. The International Collaborative Expedition to
collect and study Fish Indigenous to Sub-Antarctic Habitats (ICEFISH) is a
programme designed to fill gaps in the knowledge of sub-Antarctic notothenioid
fishes in order to improve our understanding of their relationships (sensu latu) to their
Antarctic relatives. The programme strives to achieve this goal through international
collaboration in a variety of studies investigating the systematics, evolution,
population dynamics, physiology and biochemistry of sub-Antarctic notothenioid
fishes. Scientists of the South African Institute for Aquatic Biodiversity (SAIAB)
contribute to the ICEFISH objectives by through studies on the systematics and
freezing avoidance properties of wide ranging notothenioid fish species. Two SAIAB
scientists participated in the first ICEFISH cruise (2004) to the Atlantic sector of the
Southern Ocean. Notothenioids and other fishes were collected at various stations
between Punta Arenas, Chile, and Tristan da Cunha. These included a new carapid
species, Echiodon atopus 1 and two specimens of the rare ophidioid fish,
Holcomycteronus bruceP. In addition, several new records of fishes were found at
3
Tristan da Cunha • A large number of ICEFISH specimens and tissue samples were
lodged with the National Fish Collection at SAIAB. Additional cruises are planned to
Pacific and Indian sectors of the Southern Ocean. SAIAB is also using the ICEFISH
programme for launching this year a revision of its authoritative book Fishes of the
Southern Ocean first published in 1990.
1.
2.

l
l

3.

Anderson, M.E. Description of a new species of Echiodon (Teleostei:
Carapidae) from the South AtlanticOcean. Zootaxa 809, 1-5 (2005).
Anderson, M.E, Stein, D.L. & Detrich, H W. Additions to the ichthyofauna of
the Tristan da Cunha Group, South Atlantic. Zoo taxa 1072, 27-33 (2005).
Anderson, M .E. & Stein, D.L. Redescription of the rare ophidioid fish,
Holcomycteronus brucei, from two new specimens from the Southern Ocean.
Pol. Bioi. 29, 640-642 (2006).
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In recent years, an ongoing awareness of the importance of multidisciplinary research
has lead to a large number of studies exploring the ways in which biotic and abiotic
1
systems interact • Amongst these studies, the field of biogeomorphology focuses on
the interactions between species and geomorphologic landforms and processes2• On
Marion Island an important interaction exists between the geomorphology of fellfield
landscapes and the dominant vascular plant species, Azorella selago 3' 4 . For example,
by influencing frost creep and other sediment movement processes, Azorella cushions
play an important role in the formation of terraces and lobes 3 ' 4 • Such interactions
between plants and sediment movement, resulting in vegetation - banked terraces and
5 6
7
lobes • and sediment sorting are well-known from cold-climate regions. To be able
to predict landscape evolution, an in-depth understanding of the interactions between
this keystone species and the surrounding sediment is necessary. Here, to understand
the consequences of Azorella plants for substrate movement and sorting, we
quantified the grain size distribution of sediment surrounding Azorella cushions, using
a combination of image analysis software. Mean grain size and variance in grain size
was significantly greater on the upslope side of Azorella plants, while the number of
particles was significantly higher on the downslope side of plants. Mean grain size,
variance in grain size and the number of particles differed between cushions, although
these differences were not related to cushion size. These results highlight the role of
Azorella cushions in interacting with and shaping the surrounding landscape.
Understanding these interactions between Azorella and the landscape is especially
important in the light of recent climate change on the island 8• 9, as biogeomorphologic
relations are predicted to be affected by climate change.
1. Naylor, L.A., Viles, H.A. & Carter, N .E.A. Biogeomorphology revisited: looking
towards the future . Geomorphology 47, 3-14 (2004).
2. Viles, H.A. in Biogeomorphology (ed Viles, H.A.) (Basil Blackwell Ltd., Oxford,
1988).
3. Holness, S. & Boelhouwers, J. Some observations on Holocene changes in
periglacial activity at Long Ridge, Marion Island. S. Afr. J Sci. 94, 399-403
(1998).
4. Boelhouwers, J., Holness, S. & Sumner, P. The maritime Subantarctic: a distinct
periglacial environment. Geomorphology 52, 39-55 (2003).
5. Brancaleoni, L., Strelin, J. & Gerdol, R. Relationships between geomorphology
and vegetation patterns in subantarctic Andean tundra of Tierra del Fuego. Polar
Bioi. 26,404-410 (2003).
6. Koz Dowska, A. & R Dczkowska, Z. Vegetation as a tool in the characterisation of
geomorphological forms and processes. Geogr. Ann. A. 84A, 233-244 (2002).
7. Perez, F.L. Geobotanical relationship of Draba chionophila (Brassicaceae)
rosettes and miniature frost-sorted stripes in the high equatorial Andes. Flora.
197, 24-36 (2002).
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8. LeRoux, P.C. & McGeoch, M.A . Changes in climate extremes, variability and
signature on sub-Antarctic Marion Island. Clim. Change (DOl: I 0.1 007/s 10584007-9259-y).
9. Smith, V.R. Climate change in the sub-Antarctic: an illustration from Marion
Island. Clim. Change 52, 345-357 (2002).

Biodiversity Responses to Earth System Variability: Structure,
Function, Change
Charlene Janion, Elrike Marais, Jennifer E. Lee, John S. Terblanche and Steven L.
Chown*
·

DST-NRF Centre ofExcellence for Invasion Biology, Department ofBotany and
Zoology, Stellenbosch University, Private Bag XI , Matieland 7602, South Africa
The Antarctic provides unparalleled opportumtles for understanding patterns in
biodiversity, the mechanisms underlying these patterns, and the way in which
biodiversity responds to and modulates environmental change. The latter have been
identifiP.d as pressing questions for modern earth systems scientists and ecologists 1•
Our research over the past decade has elucidated patterns in Antarctic biodiversity at
large and small spatial scales 2-4, has provided comprehensive information on the
functional responses of Antarctic terrestrial arthropods to environmental variability5•7,
and has started elucidating the biodiversity and conservation consequences of climate
change and increases in the numbers of humans travelling to the Antarctic region8- 10 .
In doing so it has also served to inform theory and contribute broadly to ecology,
evolutionary physiology and to conservation biology. In a triptych of posters we
provide an overview of and insights into these findings.
1.
2.

3.

4.

5.
6.
7.

8.

9.

10.

Millennium Ecosystem Assessment. Ecosystems and Human Well-Being:
Biodiversity Synthesis. World Resources Institute, Washington D.C. (2005).
Chown, S. L., Sinclair, B. J., Leinaas, H. P. & Gaston, K . J. Hemispheric
asymmetries in biodiversity- a serious matter for ecology. PLoS Bioi. 2, e406,
1701-1707 (2004).
Chown, S. L., Hull, B. & Gaston, K. J. Human impacts, energy availability,
and invasion across Southern Ocean Islands. Global Ecol. Biogeogr. 14, 521528 (2005).
Chown, S.L . & Convey, P. 2007. Spatial and temporal variability across life' s
hierarchies in the terrestrial Antarctic. Phil. Trans. R. Soc. Land. B, in press
(2007).
Sinclair, B. J. & Chown, S. L. Deleterious effects of repeated cold exposure in
a freeze-tolerant sub-Antarctic caterpillar. J Exp. Bioi. 208, 869-879 (2005).
Deere, J. A. & Chown, S. L. Testing the beneficial acclimation hypothesis and
its alternatives for locomotor performance. Am. Nat. 168, 630-644 (2006).
Chown, S. L., Slabber, S., McGeoch, M. A., Janion, C. & Leinaas, H. P.
Phenotypic plasticity mediates climate change responses among invasive and
indigenous arthropods. Proc. R. Soc. Land. B 274,2531-2537 (2007).
Frenot, Y., Chown, S. L., Whinam, J. , Selkirk, P. M., Convey, P., Skotnici, M.
& Bergstrom, D. M. Biological invasions in the Antarctic: extent, impacts and
implications. Bioi. Rev. 80, 45-72 (2005).
Sinclair, B. J., Scott, M. B., Klok, C. J., Terblanche, J. S., Marshall, D. J.,
Reyers, B. & Chown, S.L. Determinants of terrestrial arthropod community
composition at Cape Hallett, Antarctica. Antarct. Sci. 18, 303-312 (2006).
Lee, J. E. & Chown, S. L. Mytilus on the move: transport of an invasive
bivalve to the Antarctic. Mar. Ecol. Prog. Ser. 339, 307-310 (2007).

*Authorship by random draw, collaborator assistance gratefully acknowledged.
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Altitudinal range expansion of the indigenous vascular flora of
Marion Island

9.
10.

Peter C. le Roux 1 and Melodie A. McGeoch 1

Box, E. 0 . Vegetation analogs and differences in the Northern and Southern
Hemispheres: a global comparison. Plant Ecol. 163, 139-154 (2002).
Chown, S. L., Sinclair, B. J., Leinaas, H. P. & Gaston, K. J. Hemispheric
asymmetries in biodiversity - a serious matter for ecology. PLoS Bioi. 2, 17011707 (2004).

1

Department of Conservation Ecology and Entomology, Stellenbosch University,
Private Bag XI, Matieland 7602, South Africa

Species ranges are expected to expand along their cooler boundaries in response to the
rising temperatures associated with current global climate change 1• This has been well
documented for the poleward expansion of latitudinal ranges in the northern
2
hemisphere • However, fewer studies have tested for upslope altitudinal range
expansion, with a paucity of studies from the southern hemisphere. This study, the
first of its kind from the sub-Antarctic, reports that the indigenous vascular flora of
Marion Island has expanded its elevational distribution upslope by a mean of 69.62 m
(SE = 29.89, 22 species) since 1966, concurrent with a 1.3 °C increase in air
temperatures on the island3.4. This was determined by repeating surveys of species'
upper altitudinal boundaries conducted in 1965/66 5. There was, however, some level
of idiosyncrasy in species' altitudinal range shifts, with ten of the twenty-two species
expanding their altitudinal ranges upslope by more than 60 m elevation, and three
shifting downslope by a similar magnitude. In consequence, the species richness and
community composition have changed across altitude, with the largest increases in
species richness and shifts in community composition between 400 and 700 m a.s.l.
These findings indicate that the sub-Antarctic vegetation is responsive to changes in
climate, in agreement with previous experimenta! 6 and observational studies7 •8 •
Furthermore, despite geographic, climatic and biological differences between the
9 10
hemispheres • , these results suggest that upslope altitudinal range expansion could
be a general biological response to warmer temperatures.
I.

2.
3.
4.

5.
6.

7.
8.

Huntley, B. How plants respond to climate change - migration rates,
individualism and the consequences for plant communities. Ann. Bot. 67
(Suppl. 1), 15-22 (1991).
Parmesan, C. Ecological and evolutionary responses to recent climate change.
Annu. Rev. Ecol. Evol. Syst. 37, 637-669 (2006).
Smith, V. R. Climate change in the sub-Antarctic: an illustration from Marion
Island. Clim. Change 52, 345-357 (2002).
le Roux, P. C. & McGeoch, M. A. Changes in climate extremes, variability and
signature on sub-Antarctic Marion Island. Clim. Change DOl: 10.1007/s10584007-9259-y.
Huntley, B. J. Altitudinal distribution and phenology of Marion Island vascular
plants. Tydsk. vir Natuurwetenskap 10,255-262 (1970).
le Roux, P. C., McGeoch, M. A., Nyakatya, M. J. & Chown, S. L. Effects of
simulated climate change on a keystone plant species in the sub-Antarctic.
Glob. Change Bioi. 11, 1628-1639 (2005).
Scott, J. J. in Antarctic Ecosystems: Ecological Change and Conservation (eds
Kerry, K. R. & Hempel, G.) (Springer-Verlag, Berlin, 1990).
Chown, S. L. & Smith, V. R. Climate change and the short-term impact offera1
bouse mice at the sub-Antarctic Prince Edward Islands. Oecologia 96, 508-516
(1993).
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Diversity and hybridisation estimates in Antarctic and Subantarctic
fur seals from Marion Island based on mitochondrial and
microsatellite DNA markers

Soil characteristics and pedogenesis on sub-Antarctic Marion Island
Natalie R. Lubbe\ Ian Meiklejohn 1 and Johan van der Waals

2

1
Department of Geography, Geoinformatics & Meteorology, University of Pretoria,
Pretoria, 0002, South Africa; 2Department of Crop Production & Soil Science,
University of Pretoria, Pretoria, 0002, South Africa.

Marion Island is a sub-Antarctic volcanic island with a cold, wet climate. Much of
the interior of the island is bare, with vegetation only found at lower altitudes. No soil
classification has yet been undertaken for the island, and literature on its soils and
1
pedogenesis is sparse; it has even been suggested that true soils don't exist there • As
part of a broader research project on Geomorphology and Climate Change the
chemical, physical and mineralogical properties of soils from seven terrestrial habitats
were analysed. A strong relationship was observed between soils and the habitats as
described by Gremmen and Smith . Soils were classified according to the World
Reference Base (WRB) soil classification system3 • Preliminary findings suggest that
Histosols, Andosols and Regosols dominate on Marion Island. Relationships between
soil type, habitat type, and altitude were investigated and it was also found that
pedogenesis has taken place. The spatial distributions of soil types for the island were
predicted with the use of a GIS model and are presented, together with the
implications of climate change for pedogenesis and soil distribution.

1.

2.
3.

Gribnitz, K.H., Kent, L.E., & Dixon, R.D. Volcanic ash, soils and the inferred
Quaternary climate of sub-Antarctic Marion Island. South African Journal of
Science 82, 629-635 (1986).
Gremmen, N., Smith, V. The flora of Marion and Prince Edward Islands,
Data Analyse Ecologie, Netherlands (2004).
Driessen, P., Deckers, J., Spaargaren, 0., Nachtergaele, F. Lecture notes of the
major soils of the world, Food and Agriculture Organisation of the United
Nations, Rome (2001).

Vongani J. Maboko\ Armanda D.S. Bastos \ Takalani A. M. Maswime
1
Hoelzd, Louise P. Wynen 3 and Marth:in N. Bester

The mitochondrial DNA (mtDNA) control region and 5 microsatellite loci were used
to assess genetic variability and the extent of hybridization between the two fur seals
(Arctocephalus tropicalis and A. gazella) that occur on Marion Island. Both species
were harvested during the 18th and 19th centuries, leading to a reduction in population
size and the extinction of A. gazella at some localities. Whilst both species have
recovered and are increasing in size 1, it is not clear to what extent sealing has affected
genetic variation, although a more pronounced effect would be expected for A.
gazella, given the more intensive harvesting of this species 2 . The current study
confirmed this hypothesis and revealed that A. gazella had nucleotide diversity of 2.9
% whilst for A. tropicalis it was 4.2 %, across the HRVI region sequenced. For
microsatellite DNA, genetic variation in A. tropicalis was higher than in A. gazella in
terms of the total number of alleles detected and the level of heterozygosity
(HE=0.875/ H 0 =0.845, mean number ofalleles=13.6) and (HE=0.799/Ho=0.781, mean
number of alleles= l3), respectively. Diversity in both species is among the highest
recorded in pinnipeds, and suggests that sealing did not overly affect the levels of
genetic variation in these species 3 . The level of hybridization between these species
was low at Marion Island with only one hybrid being detected among the 134 animals
that were genetically characterized. This corresponds to 0.75 %, but may be an underestimate as the samples used in this study were primarily collected from sites where
the two species do not co-occur. Future studies focusing on sites where they occur
sympatrically, may yield higher estimates

2.

3.
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1
Mammal Research Institute, Department oj Zoology and Entomology, University of
Pretoria, Pretoria 0002, South Africa;
School of Biological and Biomedical
Sciences, University of Durham, South Road, Durham DHJ 3LE, UK; 3School of
Zoology, University of Tasmania, Hobart, Tasmania, Australia.
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Hofrneyr, G.J.G., Bester, M.N., Makhado, A.B. & Pistorius, P.A. Population
changes in Subantarctic and Antarctic fur seals at Marion Island. S. Afr. J.
Wild/. Res. 36, 55-68 (2006).
Kerley G.H.I. Relative population sizes and trends, and hybridization of fur
seals Arctocephalus tropicalis and Arctocephalus gazella at the Prince
Edward Islands, Southern ocean. S. Afri. J. Zoo/18, 388-392 (1983).
Wynen, L.P., Goldsworthy, S. D., Guinet, C., Bester, M.N., Boyd, I.L.,
Gjertz, 1., Hofmeyr, G.J.G., White, R.W.G., & Slade, R. Postsealing genetic
variation and population structure of two species of fur seal (Arctocephalus
gazella and A. tropicalis). Mol. Eco/9, 299-314 (2000).
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Predation of African Penguins by Cape Fur Seals at Dyer Island:
implications for conservation
Azwianewi B. Makhado

1
,2,

Population genetic structure of Halozetes fulvus on Marion Island
Elizabeth Mortimer', Savel R. Daniels 1' 2, Steven L. Chown 1 and Bettine Jansen van
Vuuren 1' 2

Robert JM. Crawford 1•2 and Les G Underhi11 2

1

1
Department of Environmental Affairs and Tourism, Private Bag X2, Rogge Bay,
80I2, Cape Town, South Africa
2
Avian Demography Unit, University of Cape Town, Private Bag, Rondebosch, 7700,
South Africa

Evolutionary Genomics Group, Department of Botany and Zoology, Stellenbosch
University, Private Bag XI, Matieland 7602, South Africa; 2DST-NRF Centre of
Excellence for Invasion Biology, Department of Botany and Zoology, Stel/enbosch
University, Private Bag XI , Matieland 7602, South Africa

African Penguins (Spheniscus demersus) are endemic to southern Africa. The total
population decreased by 90% in the 20th century. There was a large recent decrease at
Dyer Island, from about 23 000 pairs in the late 1970s to about 2 000 pairs from 1997
onwards. Around Dyer Island, Cape Fur Seals (Arctocephalus pusillus pusillus) prey
on African Penguins. Systematic observations were conducted from June-December
2004 to estimate the number of penguins killed by seals in this period. For days when
no observations were made, data were imputed through interpolation. It was estimated
that 300 adult penguins, about 7.5% of the population at the island, were killed by the
seals. During 1994-1996, 7% of African Penguins were killed by seals annually' . The
present mortality attributable to seals is considered unsustainable. Total annual
mortality of adult African Penguins is normally ca. 10 0 20%. Not all Cape Fur Seals
kill seabirds. Predation by seals on seabirds in the Benguela system is almost wholly
undertaken by subadult male seals of age between 2 to 8 years 2 . It is anticipated that
removal the few seals that target seabirds will substantially reduce the mortality of
penguins at the island, as this is a learned behaviour. Research at Malgas Island has
indicated that the removal of "problem" seals can substantially reduce mortality. Fur
seals, mainly A. gazella, also kill seabirds at Marion Island. Preliminary observations
have indicated that the seals feeding on seabirds are males, often older than those
causing the mortality in South Africa.

The distribution patterns of microarthropods are well-documented on sub-Antarctic
12 3
Marion Island ' ' . However, with the exception of two studies focusing on indigenous
45
arthropod species ' and the cushion plant Azorel/a selago6 , few studies have
characterized genetic variation across this sub-Antarctic island. Marion Island's landscape
has been sculpted by numerous volcanic and glacial cycles 7 and as one would expect,
significant population sub-structure was reported for indigenous/endemic species.
However, the conclusions of these studies were derived from relatively small sample
sizes and as such, described only broad geographic patterns. Our aim here was to
extend and build on these earlier studies through a more comprehensive sampling
strategy. For this, we selected the indigenous mite Halozetes folvus. Our study is
based on 291 specimens from 30 geographic localities across the island. Similar to
previous studies, H. fulvus is characterized by significant population substructure with
localities on the eastern (specifically Bullard Beach) and western (specifically
Kaalkoppie) side of Marion being significantly differentiated to the majority of other
localities. At a finer scale, populations on the western side (Kaalkoppie and
surrounding area) are relatively young populations with high migration (and gene
flow) among populations. In contrast, the populations on the eastern side of Marion
(Bullard Beach and surrounding area) are much older with low levels of gene flow
among populations. We interpret our genetic results within a geomorphologic and
environmental framework and argue that the western side of Marion represents a more
inhospitable environment characterized by recent volcanic eruptions with a strong
influence from westerly winds that blow in from the Antarctic causing frequent
population extinctions with subsequent recolonisations. In contrast, environmental
conditions on the eastern side are more stable allowing for populations to reach an
equilibrium state.

1.

2

Marks eta/. Cape Fur Seal (Arctophalus pusillus pusillus) predation on Cape
Cormorants (Phalacrocorax capensis) and other birds at Dyer Island, South
Africa. Marine Ornithology 25,9-12 (1997).
David et al. Assessing conservation priorities in the Benguela ecosystem,
South Africa: analysing predation by seals on threatened seabirds. Bioi.
Conserv. 114, 289-292. (2003).

M. A. McGeoch, P. C. LeRoux, E. A. Hugo eta!., Austral Ecology 31 (6), 719
(2006).
E. A. Hugo, M. A. McGeoch, D. J. Marshall et a!., Polar Biology 27 (8), 466
(2004).
Elizabeth Hugo, Steven Chown, and Melodie McGeoch, Polar Biology 30 (1 ),
109 (2006).
M. Myburgh, S. L. Chown, S. R. Daniels eta!. , Diversity and Distributions 13
(2), 143 (2007).
E. Mortimer and B. Jansen van Vuuren, Polar Biology 30, 471 (2007).
E. Mortimer, M.A. McGeoch, S.R. Daniels et a!., Antarctic Sciences
(Accepted).
I. McDougall, W. Verwoerd, and L. Chevallier, Geological Magazine 138, 1
(2001 ).
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Spatial distribution of mouse damage to the keystone plant species
Azorella selago on Marion Island
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DST-NRF Centre of Excellence for Invasion Biology, Department of Botany and
Zoology, Stellenbosch University, South Africa; 2Department of Conservation
Ecology and Entomology, Stellenbosch University, South Africa.

Hugo, E. A., Chown, S. L. & McGeoch, M . A . The microarthropods of subAntarctic Prince Edward Island: a quantitative assessment. Polar Bioi. 30,
109-119 (2006).
Boelhouwers, J., Holness, S. & Sumner, P. Geomorphological characteristics
of small debris flows on Junior's Kop, Marion Island, maritime sub-Antarctic.
Earth Suif. Proc. Land. 25, 341-352 (2000).

1

Mus musculus domesticus populations on sub-Antarctic Marion Island are thought to
have increased in recent years due to climatic amelioration and the eradication of feral
23
cats • • It has been shown that mice have the potential to significantly alter ecosystem
3
functioning . For example, mice have played a role in the reduction of indigenous
invertebrate fauna on Marion Island3 •4 . Recently it has been observed that mice may
have a negative impact on the long-lived, keystone, indigenous vascular plant species,
Azorella selago (Apiaceae). This is of conservation concern for Marion Island's biota,
because (in addition to the impact on A. selago populations) the effect of mouse
damage on the vitality of A. selago could alter the distribution of many other species
(e.g. epiphytic plant species 5 and invertebrates 6). Moreover, geomorphological
processes, like the stabilisation of substrates, are also dependent on the occurrence of
A. selago on Marion Island7• Here, we map the distribution of A. selago and signs of
mouse activity on A. selago cushions across Marion Island using a combination of
systematic and ad hoc sampling. Signs of mouse activity were observed from sea
level up to ca. 765 m a.s.I . (Katedraalkrans hut); whereas the highest altitude recorded
for mouse damage to A. selago was 548 m a.s.I. In plots (15m x 10m) where mouse
damage to A . selago was recorded, 33 % of mouse burrows were recorded to occur in
cushions with an average of 18.0 (± 1.5 SE) per plot. Damage to A. selago cushions
ranged from single to multiple burrows and, in some cases the excavation of entire
cushions, suggesting that mice can kill A. selago. Furthermore, these results imply
that mice have a negative effect on A. selago everywhere on the island, and thus, there
is little refuge for the keystone species for as long as mice are present on Marion
Island. It appears that the impact of mice on the indigenous flora of Marion Island has
been overlooked, but the establishment of long-term monitoring plots can aid studies
of the effects of mice on this keystone species.

1.

2.
3.
4.

5.

Jansen van Vuuren, B. & Chown, S. L. (2006) Genetic evidence confirms the
origin of the house mouse on sub-Antarctic Marion Island. Polar Bioi. , 0-0
(2006)
Smith, V. R. & Steenkamp, M . Climatic change and its ecological implications
at a subantarctic Island. Oecol. 85, 14-24 (1990).
Crafford, J. E. in Antarctic Ecosystems: Ecological Change and Conservation
(eds Kerry, K. R. & Hempel, G.) (Springe:, Berlin, 1990).
Chown, S. L. & Smith, V. R. Climate change and the short-term impact of
feral house mice at the sub-Antarctic Prince Edward Islands. Oecol. 96, 508516 (1993).
le Roux, P . C. & McGeoch, M.A. The use of size as an estimator of age in the
subantarctic cushion plant, Azorella selago (Apiaceae). Arct. Antarc. Alp. Res.
36, 509-517 (2004).
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The diet of the Subantarctic fur seal (Arctocephalus tropicalis) at
Marion Island

Trophodynamics of chaetognaths in the Subtropical Convergence in
the Indian sector of the Southern Ocean

Justice A. Ramunasi 1, Marthan N. Bester' , Gordon J.G. Hofmeyr 1•2 , Steve P.
Kirkman 3 and Silvia Mecenero3

J. A. Sterley and P. W. Froneman

1

Mammal Research Institute, Department of Zoology and Entomology, University of
Pretoria, Pretoria 0002, South Africa; 2Port Elizabeth Museum P.O.Box 13147,
Humewood 6013, Port Elizabeth, South Africa; 3Animal Demography Unit,
Department of Zoology, University of Cape Town, Rondebosch 7701, South Africa

Faecal analysis (n = 804 scats) was employed to examine the diet of the Subantarctic
fur seal Arctocephalus tropical is at Marion Island over a period of seven years (2000
- 2006). Despite the biases associated with the method, useful information was gained
on seasonal and inter-annual fluctuation in the presence of prey species in the diet 1.2.
The indices used to investigate these variations were percentage numerical abundance,
percentage presence and reconstituted body size (mass and length) of prey species
taken. The diet was diverse and myctophid species predominated. Cephalopods were
minor prey species (n = 39 scats). The five main prey species were Gymnoscopelus
bolini, G. piabilis; G. fraseri; G. nicholsi and Protomyctophum tenisoni. In all
respects G. bolini predominated throughout the study period, although in most
comparisons no statistically significant differences in the relative contribution
amongst the main prey species in the diet were found. Seasonal and inter-annual
variations in the contributions of these species to the diet presumably resulted from
changes in the relative abundance and distribution of prey3 • Future research will
attempt to relate this variability to environmental variability4 .
1.

2.
3.

4.

Department of Zoology and Entomology, Southern Ocean Group, Rhodes University,
PO Box 94, Grahamstown 6140, South Africa.

Trophodynamics of chaetognaths was investigated during the first Southern Ocean
Ecosystem Variability Study within the vicinity of the Subtropical Convergence
(STC) in the Indian sector of the SO during austral autumn (April), 2007. Total
chaetognath abundance and biomass ranged from 0.37 to 6.88ind.l00m·3 and from
3
<0.1 to 0.13mg Dwt 100m· respectively. Significantly (p<0.001) higher biomass
values were recorded south of the front. Neither biomass nor abundance of
chaetognathas indicated significant correlations with mesozooplankton biomass and
abundance (r = 0.28 and r = -0.07 respectively). Four species of chaetognathas were
identified within the study area, Eukrohnia hamata, Sagitta gazellae, S. zetesios and S.
maxima. Of the species E. hamata accounted for 45% of total abundance and 18% of
total biomass while S. gazellae accounted for 36% and 68%, respectively. Average
lengths for E. hamata, S. gazellae and S. zetesios were 36.15 ± 9.85mm, 38.37 ±
8.16mm and 37.46 ± 7.42mm, respectively. The predominance of stages I and II
indicated that chaetognaths were sexually immature. The mean feeding rate of E.
hamata was estimated at 0.02 prey d- 1 and 0.34 prey d- 1 for S. gazellae. Combined
predation impact of the two chaetognaths wa:; equivalent to <0.1% of the copepod
standing stock.

Arim, M. & Naya, D.E. Pinniped diets inferred from scats: analysis of biases
in prey occurrence. Can. J. Zoo/. 81,67-73 (2003).
Dellinger, T. & Trillmich, F. Estimating diet composition from scat analysis in
otariid seals (Otariidae): is it reliable? Can. J. Zoo/. 66, 1865-1870 (1988).
Hume, F., Hindell, M.D., Pemberton, D. & Gates, R. Spatial and temporal
variation in the diet of high trophic level predator, the Australian fur seal
(Arctocephalus doriferus). Mar. Bioi. 144,407-415 (2004).
Croxall J. P. In: Top predators in Marine Ecosystems: Monitoring predator prey interactions using multiple predator species (eds Boyd, I. Wanless, S. &
Camphuysen, C.J.) (Cambridge University Press, 2006).
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Temperature and bathymetry as determinants of under-yearling and
yearling southern elephant seal (Mirounga leonina) movements from
and to Marion Island
Tosh 1,

1

2

3
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3
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The effects of human disturbance on the seabirds and seals at Marion
Island
Mariette Wheeler 1, Mirienne S. de Villiers 1, Les G. Underhill\ Marthlin N. Beste?
and Prideel A. Majiedt 1
1
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Mammal Research Institute, University ofPretoria, Pretoria, South Africa; Alfred
Wegener Institute for Polar and Marine Research, Columbusstr., P.O. Box 120161,
27515, Bremerhaven, Germany; 3Australian Antarctic Division, Hobart, Tasmania;
4
Hubbs-Sea World Research Institute, 2595 Ingraham Street, San Diego, CA 920109,
USA
Juvenile southern elephant seals (Mirounga leonina) are forced to embark upon their
first foraging trips independently relying on instinctual knowledge. Successful first
foraging trips are important because they may determine future survival and breeding
success. Uniquely marked under- yearling (n=5) and yearling (n=14) southern
elephant seals were instrumented with satellite transmitters from 2001 - 2007. Their
movements were analysed and overlaid onto bathymetric (GEBCO) and sea-surface
temperature (OISST) maps of the surrounding regions. Both age groups displayed an
east to west path of travel with small variance in latitudinal travel (Under-yearlings:
Var (Y) = 4.62±3.37; Yearlings: Var (Y) = 4.68±2.84) and high variance in
longitudinal travel (Under-yearlings: Var (X) = 16.80±3.84; Yearlings: Var (X) =
84.47±90.10). The seals travel exclusively along the South-West Indian Ridge in a
westerly direction, directing their movements over areas of high bathymetric
heterogeneity. Sea-surface temperatures encountered by the elephant seals ranged
betweenl4.14°C and 0.82°C. On most occasions extended periods of time were spent
in regions of lower temperatures, with higher temperatures being experienced as the
animals return to Marion Island. All the under-yearling seals traveled to and from the
island along the Andrew Bain fracture zone, seldom passing 25°E. The strong
relationships between bathymetric features and dispersal of juvenile elephant seals
from Marion Island may be due to the interaction of varied bottom topography with
overlying water bodies to generate areas of high turbulence resulting in high primary
productivity. The importance of the interaction of the Antarctic Circumpolar Current
(ACC) with the Andre Bain fracture zone to form cyclonic or anti-cyclonic eddies is
also highlighted. These eddies may be integral in providing the Prince Edward
Islands with nutrient rich Antarctic waters, thus supporting the numerous species that
rely on the island as breeding grounds. Elephant seals, juveniles in particular, are
ideal platforms to monitor the water bodies around Marion Island and may be
instrumental in long term monitoring of the oceanscape around Marion Island.

Avian Demography Unit, Department of Statistical Sciences, University of Cape
Town, Rondebosch, 7701, South Africa; 2Mammal Research Institute, Department of
Zoology and Entomology, University ofPretoria, Pretoria, 0002, South Africa
Animals undergo changes in behaviour or physiology when exposed to human
disturbance 1. Such responses can have population-level consequences2 '3 . The intensity
ofrespcnse may be site- and species-specific4 ' 5 . Within species it may depend on the
prior history of disturbance of individuals 6 and stage of the breeding cycle 7 . At
Marion Island, animals may be disturbed by (a) biological research, (b) logistic
activities and (c) incidentally by island personnel. (a) We found that the breeding
success of a frequently-monitored Grey-headed Albatross study colony did not differ
from that of non-study colonies. The maximum weight of Subantarctic Fur Seal pups
that were weighed monthly did not differ from that of pups that were only weighed in
July. (b) Grey-headed Albatross chicks were more likely to stand and to react in the
presence of a Bell 212 helicopter than in its absence (both p<O.OOl ). Brooding Gentoo
Penguins were less likely to stand during flights by the Bell 212 helicopter than in the
absence of a helicopter (p=0.05), while guarding penguins were more likely to stand
on flight than on non-flight days (p<O.OOl). Birds of both phases were more vigilant
when a helicopter was close to the colony than when no helicopter was present
(p<O.OOl). No nest desertions were observed. (c) During single-person pedestrian
approaches, breeding King Penguins were more likely to be anxious, but less likely to
move away than non-breeders (both p<0.001). Wandering Albatross adults close to
base and in a study colony were more likely to stand up (p<0.05) and had higher
Overall Response ranks during approaches than birds that were seldom-visited
(p<0.01). Frequency of approach did not influence the behavioural responses of
seldom-visited birds, but breeding success was lowest for birds that were approached
most times (p<0.05). We recommend the implementation of controls for potential
effects of disturbance in studies investigating breeding success. Flights should not
coincide with sensitive breeding stages but if this is unavoidable, helicopters should
stay well clear of breeding colonies. Pedestrians should approach breeding birds with
care. Subtle behavioural responses do not necessarily indicate lack of anxiety by
animals.
1.

2.

3.

4.

SANAP PI Symposium Final Programme & Abstracts

56

Nisbet, I.C.T. Disturbance, habituation, and management of waterbird
colonies. Waterbirds 23, 312-332 (2000)
Fowler, G.S. Behavioural and hormonal responses ofMagellanic Penguins
(Spheniscus magellanicus) to tourism and nest site visitation. Biol. Conserv.
90:143-149 (1999)
McClung, M.R. Nature-based tourism impacts on Yellow-eyes penguins
Megadyptes antipodes: does unregulated visitor access affect fledging weight
and juvenile survival? Biol. Conserv. 119:279-285 (2004)
Gill, J.A., Norris, K. & Sutherland, W.J. Why behavioural responses may not
reflect the population consequences of human disturbance. Biol. Conserv.
97:265-268 (2001)

SANAP PI Symposium Final Programme & Abstracts

57

5.

6.

7.

Holmes, N.D., Giese, M., Achurch, H., Robinson, S. & Kriwoken, L.K.
Behaviour and breeding success of gentoo penguins Pygoscelis papua in areas
oflow and high human activity. Polar Bio/29:399-412 (2006).
Walker, B.G., Boersma, P.D. & Wingfield, J.C. Habituation of Adult
Magellanic Penguins to Human Visitation as Expressed through Behavior and
Corticosterone Secretion. Cons. Bioi. 20(1): 146-154 (2006)
Cote, S.D. 2000 - Aggressiveness in king penguins in relation to reproductive
status and territory location. Anim. Behav. 59:813-821.

ARESSA THEME IV: Engineering a sustainable presence in
Antarctica
The South Afri"can Antarctic research base, SANAE IV: microclimate and wind resource analyses
Johan N. Stander, Thomas M. Harms, Theodor W. von Backstrom and Maarten
Kamper
Department of Mechanical and Mechatronic Engineering, University of Stellenbosch,
Private Bag XI, MATIELAND, 7602, South Africa
This paper presents the site-specific wind resource assessment and micro-climate
study performed on Vesleskarvet, a rocky outcrop on which the South African
Antarctic Research Base, SANAE IV, is located. The assessment, partly inline with
British and International Energy Council standards, is based on long term hourly and
five-minute averaged wind data from a standard automatic weather station.
Vesleskarvet's micro-climate is classified as a cold climate; hence, the wind resource
assessment concentrates on the ambient temperature and wind conditions.
Climatological factors such as the topography, orography etc. which alter the spatial
flow distribution were numerically investigated with computational fluid dynamic
(CFD) techniques.
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