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Oceanographic monitoring at South Africa’s Subantarctic laboratory

Sentinels to climate change. The need for
monitoring at South Africa’s Subantarctic laboratory
Subantarctic islands form ideal sentinels to climate change. These islands support terrestrial and marine
ecosystems that are relatively simple and extremely sensitive to perturbations.1 They provide an ideal natural
laboratory for studying how ecosystems respond to a changing climate in the Southern Ocean. Initial studies1
and subsequent analyses2,3 at the Prince Edward Islands in the Indian sector of the Southern Ocean have all
shown that there has been a climatological rise of >1 °C in the sea surface temperature since 1949. Mirrored
to this rise is a decrease in rain, an increase in extreme events, an increase in winds from the warmer sector in
the northwest, and annual sunshine hours have risen by 3.3 h since the 1950s.1,2,4 It has been proposed5 that
climate changes reported at the Prince Edward Islands correspond in time to a southward shift of the Antarctic
Circumpolar Current (ACC) and in particular its frontal systems the Subantarctic Front (SAF) and the Antarctic Polar
Front (APF), between which the islands lie (Figure 1). The Prince Edward Islands, like many other oceanic islands
within the Southern Ocean, are seasonally characterised by vast populations of marine organisms and a diversity
and abundance of seabirds that use the islands as breeding grounds.6,7 It is estimated that the islands support over
5 million breeding pairs of top predators including seabirds, penguins and seals during the peak breeding season.7
The energy necessary to sustain these top predators is derived from the close interaction between the oceanic
environment and the islands themselves. Changes in the intensity and geographic position within these frontal
systems are likely to coincide with dramatic changes in the distribution of species and total productivity within
the Southern Ocean. Long-term research in both the offshore and near-shore environments of the Prince Edward
Islands is critical if the mechanisms needed to sustain high concentrations of marine life in a changing environment
are to be better understood and conserved. If ecosystems are pushed beyond certain thresholds or tipping points,
there is a high risk of dramatic biodiversity loss and accompanying degradation of a broad range of ecosystem
services.8 Furthermore, a real threat brought on by a warmer climate will be the increase in ease in which pristine
Subantarctic islands such as the Prince Edward Islands can be invaded by alien species.1
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The root mean square in sea level anomaly (cm) calculated from a 13-year record of altimetry products.
Two broad regions of variability are observed in the African sector of the Southern Ocean: the Agulhas
regime (comprising the Agulhas Current, the Agulhas Retroflection, the Agulhas Return Current and the
Subtropical Convergence) and the South-West Indian Ridge (SWIR), a separate region to the south.
Bathymetric contours (-3000 m, -2000 m, -1000 m) are overlain in white. The average positions of the
three major fronts associated with the Antarctic Circumpolar Current are also shown: the Subtropical
Convergence (STC), the Subantarctic Front (SAF) and the Antarctic Polar Front (APF). The Andrew Bain
Fracture Zone (ABFZ) is shown as the core of eddy variability. The Del Cano Rise (DCR) lies to the east of
the Prince Edward Islands.

Recent observations by the International Programme on the State of the Ocean9 have highlighted concerns that the
cumulative impacts on the ocean are greater than previously thought and the need to effectively manage fragile
ecosystems is now critical. It is likely that global climate change may in the future become associated with the
disruption of the ‘life support system of the Prince Edward Islands’6 and further investigations integrating offshore
dynamics with the near-shore circulation are required to understand better what impact these changes will have on
the system as a whole, and at what rate. On 9 April 2013, the Minister of Water and Environmental Affairs, Edna
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Molewa, declared the Prince Edward Islands a marine protected area
(MPA). The new MPA is intended to contribute to the protection of unique
species, habitats and ecosystem processes. It will provide a scientific
blueprint that can advise future management in understanding better the
impact climate change is having on the Southern Ocean. We highlight
the importance of long-term oceanographic research at the Prince
Edward Islands if the mechanisms needed to sustain total productivity in
a changing environment are to be better understood and the objectives
of this newly constituted MPA are to be realised.

Prince Edward Islands. In direct contrast, it appears that the populations
of inshore predators feeding on Nauticaris marionis – such as Gentoo
and Rockhopper penguins and Crozet shags25-28 – have decreased. The
decline in the abundances of predators that rely heavily on prey inhabiting
the inshore system of the islands suggests an indirect effect of climate
change on prey availability.5 Climate models suggest a restructuring of
the ACC under changing westerly winds, such that its associated frontal
systems display an average southward shift.14

Ocean monitoring as a tool for marine
protected areas

Offshore environment: Ocean corridors
Hydrographic data collected during the recent South African National
Antarctic Programme (SANAP)-funded Marion Island Offshore Study
(MIOS), Southern Ocean Climate and Biodiversity (SOCAB) and
Dynamics of Marion Island’s Impacts on the Marine Ecosystem
(DEIMEC) programmes10 have shown that the ecosystem of the Prince
Edward Islands benefits substantially from their location immediately
downstream of an eddy corridor (Figure 1). Past investigations11,12
have shown that the advection of eddies between the Subantarctic and
Antarctic produce meridional heat and salt fluxes that balance much of
the ocean–atmosphere exchange across the ACC. If the assumption is
correct that a part of this flux comes about through mesoscale eddies,
then their quantification at regions where mesoscale turbulence is high
may be crucial. Recent studies have shown that since the 1950s,
the ACC has warmed with possible shifts in frontal features between
50 km and 70 km.13,14 The impact this migration may have on the Prince
Edward Islands ecosystem over the next century is indeed complex.
We speculate that wind stress can induce changes in the intensity and
frequency of the Southern Ocean eddy field. In short, an increase in the
poleward eddy flux can be attributed to the strengthening westerly wind
belt, which in turn has been shown to contribute to the warming of the
Southern Ocean.13,15 Closer examination of Gille’s data set suggests these
trends occur directly south of each band of high eddy kinetic energy –
the South-West Indian Ridge being one such example (Figure 1). These
eddies move into the inter-island region and have been shown16 to carry
with them organisms from their region of origin, suggesting that the
near-shore waters of the islands have a more diverse spectrum of biota
than one would normally expect from a Subantarctic island. Changes in
the intensity and geographic position within these frontal systems are
likely to coincide with dramatic changes in the distribution of species
and total productivity within the Southern Ocean. The impact that a longterm shift in the SAF may have on the near-shore dynamics provokes an
interesting discussion.

Separating short-term natural variability through eddy shedding from
the long-term southward migration of the ACC remains a key challenge.
In-situ long-term oceanographic measurements remain sparse in time
and space because of ongoing logistical and cost constraints of marine
research in the Southern Ocean.29 The need to effectively monitor the
long-term change in the position and velocity associated with the ACC
in relation to the island group through dedicated research programmes
is now critical. On 9 April 2013, the Minister of Water and Environmental
Affairs, Edna Molewa, declared the Prince Edward Islands an MPA.
This new Prince Edward Islands MPA, the first South African offshore
MPA, will serve to significantly contribute to global initiatives towards
protection of offshore and deep ocean areas. Minister Molewa added30:
The new MPA is intended, among other things,
to contribute to the protection of unique species,
habitats and ecosystem processes. It will also
provide scientific reference points that can inform
the future management of the area and to be
able to understand better the impacts of climate
change on the whole Southern Ocean. It will
also contribute to integrated and ecologically
sustainable management of marine resources of
the area.

It has been shown31 that the success of this MPA will be dependent
on the ability to nest the region within a broad management framework
encompassing the island’s exclusive economic zone and its broader
region. A key outcome of this policy is that the Prince Edward Islands are
reliant on a combination of ecosystem processes that occur within the
inter-island region and further afield at the South-West Indian Ridge. It
is unclear whether this change is expected to continue and at what rate.
However, it may have already promoted long-term changes in land-based
top predator populations on the islands, possibly through food-chain
modifications.22 A key recommendation by the MPA committee31 to the
Ministry is the need to continue studies that

Near-shore environment:
A through-flow system?
The Prince Edward Islands are seasonally characterised by dense
populations of top predators6; subsequently, any changes in the frontal
dynamics, either in the vicinity of these islands or further afield, may have
strong implications on their near-shore foraging behaviour. In addition
to the eddy corridor there is growing evidence that the geographical
position of the SAF in the proximity of the Prince Edward Islands plays
an important role in defining the short-term local macro- and mesoscale
oceanographic conditions.17,18 Previous investigations have shown that
when the SAF lies far north of the islands, the interaction between the
ACC and the island group results in water retention over the inter-island
region which encourages algal blooms.19 During these periods, signature
Antarctic species dominate and suggest that water masses typical of
modified Antarctic surface water prevail. In contrast, when the SAF
meanders southwards in closer proximity to the islands, advection forces
prevail and a flow-through system associated with a long-term decline in
the frequency of phytoplankton blooms is observed.20,21 Recent decline
in stable isotope carbon values of the bottom-dwelling shrimp Nauticaris
marionis indirectly postulates a decrease in the occurrence of bloom
conditions in the inter-island region between the 1980s and 2000s.5,22
Mirrored to these findings, there have been increases in the population
sizes of offshore feeding land-based predators, such as wandering and
grey-headed albatrosses23 and Subantarctic and Antarctic fur seals24,
which may be a result of a decrease in foraging distances from the
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detect climate related changes that may impact
the boundaries of the proposed MPA, sea
surface temperatures and shifts in the position
of the major frontal systems ... and their biotic
responses ... to the north and south of the islands.

This recommendation further mirrors the key focus of the Department
of Science and Technology 2018 Grand Challenge which calls for an
improved understanding of how the Southern Ocean, and in particular
its Subantarctic islands, will respond to climate change through changes
in ecosystem function and structure. National long-term environmental
monitoring is already supported by government initiatives such as
SANAP, the South African Environmental Observation Network and the
South African Weather Service. Other organisations also contribute to
environmental monitoring but, because such activities need to be long
term, ‘monitoring and data management may be threatened by the
vagaries of funding cycles and changes in research priorities’31.

The way forward: Future foci
The need to integrate near-shore and offshore environments through
a series of core objectives is recognised. Our understanding of the
eastward passage of eddies extending from the South-West Indian
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Ridge (Figure 1) as well as the implications of a southward migration
of the SAF14 has improved through the use of high-resolution ocean
models and direct observations through both international (i.e. ARGO,
Global Drifter Programme, Aviso) and national (SANAP) programmes.
However, interactions of these processes – for instance the impact a
change in position of the SAF has on the frequency and intensity of eddy
generation at the South-West Indian Ridge – remain unknown. Given
recent findings5 which show that the southward migration of the SAF is
likely to be associated with a long-term decline in phytoplankton blooms,
addressing the importance of this biological–physical link is critical. If
the SAF is indeed shifting southwards, what impact will this shift have on
the inter-island ecosystem in the future? Past investigations have shown
that the ability for water to be retained between the islands is dependent
on the position of the SAF. Thus, the need to monitor the position of the
front in close proximity to the Prince Edward Islands is critical in order
to separate the impacts of short-term variability through eddy shedding
from the long-term southward migration in response to global climate
change. In order to achieve this, a long-term mooring array spanning
the inter-island region directed at measuring the position of the SAF,
through temperature and velocity profiles, needs to be deployed. Using
a full-depth thermistor chain, temperature profiles will highlight both
seasonal- and frontal-driven changes in the inter-island region, while
velocity profiles from mounted acoustic doppler currrent profilers will
provide an insight into the dominant circulation between the islands. It
is expected that should the SAF be shifting southwards as inferred by
coupled ocean–atmospheric models,14 temperature and velocity profiles
between the islands will increase over the next decade.
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