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Straddled berween the northern and southern boundaries 
of the ACe, sub-Antarctic islands are rypically oceanic; 
experiencing moist. cool and windy climates. They are 
classified as regions in which the terrestrial and marine 
ecosystems are relatively simple and extremely sensitive ro 
perturbations. This paper focuses on the Prince Edward 
Islands as a case study ro highlight the influence changes 
in climate conditions have on the marine ecosystem. Lying 
directly within the ACe, these islands provide an ideal 
ecologicallaborarory for studying how shifts in atmospheric 
and oceanic circulation patterns in the Indian secror of the 
Southern Ocean will increase the ease with which these 
islands and their ocean surrounds can be invaded by alien 
species (Smith 2002) . 

THE PRINCE EDWARD ISLANDS 

'Ine Prince Edward Islands are located in the Indian secror 
of the Southern Ocean at approximately 46°50"5 and 
37"50"E. The nearest landfall is the Crozet Island Group 
950 km ro the east, while South Africa lies over 2000 km 
ro the northwest. Extensive oceanographic surveys have 
shown that the Prince Edward Islands are sandwiched 
between the SAF ro the north and the Antarc tic Polar 
Front (APF) to the south (Ansorge & Lutjeharms 2002). 
These fronts separate warm Sub-Antarctic Surface Water 
(SASW) from cooler Antarctic Surface Water (AASW), 
with a zone of transition known as the Antarctic Polar 
Frontal Zone (APFZ) berween the rwo. The SAF and APF 
demonsrrate a high degree of latitudinal variabiliry in this 
region (fig. 2) and it is thought that the complexiry of the 
ACC in the vici ni ry of these islands (Ansorge & Lurjeharms 

2003) results in an increase in the interchange ofAntarctic 
and sub-Antarctic surface and intermediate water masses 
(Deacon 1982). Indeed, recent investigations (Ansorge & 
Lutjeharms 2003, Bernard et af. 2007) have identified the 
region upstream of the Prince Edward Islands as an "eddy 
corridor" in which eddies formed by the ACC interaction 
with the shallow southwest Indian Ridge transport physical 
and biological properties typical ofthe Antarctic northwards 
into the island vicinity. 

CLIMATE IMPLICATIONS ­
A THROUGH-FLOW SYSTEM? 


The Prince Edward Islands are seasonally characterised by 
dense populations of rop predarors (Hanel & Chown 1998) 
and subsequently any changes in the frontal dynamics, either 
in the viciniry of these islands or further afield, may have 
sttong implications on their foraging behaviour. Changes in 
the intensiry and geographic position within these frontal 
systems are likely ro coincide with dramatic changes in the 
disrribution of species and rotal productiviry within the 
Southern Ocean. It is expected that latitudinal shifts in the 
positions of oceanic fronts may be coupled ro atmospheric 
changes and will become more dramatic and frequent in 
response ro global climate change. 

There is growing evidence that the geographical position 
of the SAF in the proximiry of the Prince Edward Islands 
plays an important role in forming local macro- and 
mesoscale oceanographic conditions (Palmomov et af. 2000a, 
Ansorge & Lutjeharms 2002). Previous investigalions have 
shown that when the SAF lies far north of the islands, the 
interaction berween the ACC and the island group results 
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FIG. 2 - A1!erage surface position of the 
-4500 Sub-Antarctic (8°C) and Antarctic Polar 

(4°C) fronts deri1!edfrom a fi1!e-year Advanced 
Microwave Scanning Radiometer - Earth -sooo 
Observing System dataset (AMSR-E) (shown 
in a black Line) with respect to the Prince 

50 Edward Island group. lhe error bars indicate- 5500 
the extent of the respective fronts within one 
standard deviation. Bottom topography is also 

- 6000 shown in metres. 
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17 Dynamics ofphysical and biological systems ofthe Prince Edward Islands in a changing climate 

in water reten tion over the inter-island region encouraging 
algal bloom development (Perissinotto & Duncombe Rae 
1990) . During these periods, signature Antarctic species 
along with many typical APFZ species, suggest that water 
typical of modified Antarctic Surface Water dom inates this 
region. [n contrast, when the SAF meanders southwards 
and thus in closer proximity to the islands, advection forces 
prevail and a Row-through system rich in both sub-Antarctic 
and subttop ical species is established between the islands 
(Pakhomov et al. 2000b) . Historical data from over 30 
cross ings of the SAF in the upstream region of the island 
group between 1959 and 1999 indicate a possible grad ual 
southward migration in the geographic position of this 
front but are not conclus ive (Pakhomov & Chown 2003) 
(fig. 3a). Nevertheless, less frequent subsurface observations 
in the upstream region of the Prince Edward Islands also 
confirm a southward shift in the SAF position (fig. 3b). 

TIle mos t direct effect of a meridional shift in the SAF 
can be seen from changes within the species composition 
of the zooplankton. A review of their compos ition around 
the Prince Edward Islands indicates that over the past two 
decades the con tribution of Antarctic species decreased by 
approximately 20%, whereas the number of subtropical 
species found in the areas had increased from 6% to 26%. 
This is also supported by accidental catches of subtropical 
fish species during the long-line fishery in the proximity 
of these islands (Nel pers . comm.). Although a short­
term variability and eddy transport cannot be completely 
discounted, it may be postulated that warmer-water species 
have int ruded into the APFZ more frequently during the 
past decades (fig. 4). Furthermore, it has been suggested 
that a southward shift in the position of the SAF would 
favour a through-Bow regime over the island region and 
thus prevent bloom events from occurring (Pakhomov & 
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FIG. 3 -- (A) Surface position of the Sub-Antarctic Front 
since 1955 (modified from Pakhomov & Chown 2003). 
(B) Subsurface expression of the Sub-Antarctic Front since 
1972 in salinity (red squares) and temperature (blue triangles) 
(modified from Gille 2002). 

Chown 2003). Indeed, a decline in stable isotope carbon 
values of a bottom dwelling shrimp, Nauticaris marionis, 
indirectly postulates a decrease in tlle occurrence of bloom 
conditions in the inter-island region between the 1980s 
and 2000s (Pakll0mov et al. 2004) . Lastly, a decrease in 
chlorophyll concentrations near the islands since 1976 
provides further support that a variation in the position of 
the SAF has occurred duting the past 30 years (Pakhomov 
& Chown 2003). 

CONCLUSION 

Global climate change is expected to have substantial effects 
in polar ecosystems (Barnett et al. 2001). TIle study of 
relatively simple and ecologically sensitive systems such as 
the sub-Antarctic islands and their surrounding waters may 
be particularly useful for identifying clear responses to such 
changes (Bergstrom & Chown 1999). Physical data confirm 
that the mean sea surface temperatures at the Prince Edward 
Islands have increased by > 1 DC over rhe past 60 years (Mel ice 
et al. 2003). Mirroring this is a decrease of nearly 500 mm 
in p recipitation, an increase of over 200 hours in sunshine 
and an increase in winds from the warmer sector in the 
Northwest (Rouault et af. 2005). 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 at the is lands (Crawford 
et al. 1998), possibly, through food-chain modifications 
(Pakll0mov et al. 2004). 

What is clear is that the entire sub-Antarctic system is in a 
state of flux. However, it is essential to differentiate between 
natural background variability and long-term trends driven 
by extrinsic forces such as climate change (Pakhomov & 
Chown 2003). Long-term research on the ocean environment 
ofsub-Antarctic islands and in particular 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 a unique component of the 
planet's biological diversity is to be conserved . 
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FIG. 4 -- Long-term changes in the composition ofzooplankton 
species in the vicinity ofthe Prince Edward Islands since March 
1976 (modified from Pakhomov et aI. 2000b). 
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FIG. 3 -- (A) Surface position of the Sub-Antarctic Front 
since 1955 (modified from Pakhomov & Chown 2003). 
(B) Subsurface expression of the Sub-Antarctic Front since 
1972 in salinity (red squares) and temperature (blue triangles) 
(modified from Gille 2002). 
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FIG. 4 -- Long-term changes in the composition ofzooplankton 
species in the vicinity ofthe Prince Edward Islands since March 
1976 (modified from Pakhomov et aI. 2000b). 
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