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HIS ARTICLE PRESENTS DATA COLLECTED

during the first hydrographic survey of
the Conrad Rise, South-West Indian
Ocean. Past investigations have shown that
the Conrad Rise acts as an obstacle to the flow
of the Antarctic Circumpolar Current (ACC).
Numerical modelled data suggest that two
eastward-flowing jets are formed on the
northern and southern extremities of the rise
as a result of the bifurcation of the ACC.
Hydrographic data collected during the research cruise corroborate the model findings
and provide a wealth of empirical data for
further investigation of this dynamic ocean
region. Counts of seabirds conducted during
the cruise revealed unusually large numbers
of penguins and diving petrels associated
with the frontal jets, suggesting that the area
is important for the large populations of
penguins breeding at the Prince Edward and
Crozet islands farther north.

Introduction
Hydrographic conditions in the Southern
Ocean are modulated by the eastwardflowing Antarctic Circumpolar Current
(ACC), which is embedded with numerous
circumpolar fronts.1 Past investigations
based on satellite altimetry2 have shown
that mesoscale turbulence in the Southern
Ocean is concentrated within these frontal
bands. Regions of high mesoscale variability correlate closely where the fronts
associated with the ACC interact with
prominent bottom topography such as at
the Crozet and Kerguelen Plateaux3 and
the South-West Indian Ridge.4,5
Recent investigations into the pathways
of all surface drifters in the South-West
Indian Ocean6 have identified an obstacle
to the flow of the ACC. Known as the
Conrad Rise, this is a relatively shallow
feature (<3000 m depth) lying within
the southern core of the ACC between
52–54°S and 39–47°E, and characterized
by two seamounts, the Ob and Lena.
Examination of altimetry data and the
simulated velocities from a numerical
model, suggest that the ACC bifurcates at
the western side of this rise, forming jets
to the north and south that converge

again on its eastern side.7 The two intense
jets that form along the meridional extremities of the rise enclose a relatively stagnant
water body over the rise itself (Fig. 1). Until
now, the Conrad Rise has received very
little attention from the oceanographic
community and the nature of the circulation associated with this region is unknown.
Realising the need to investigate this
region hydrographically and to corroborate the findings of a desktop-based study,7
a high-resolution oceanographic survey
was undertaken of the Conrad Rise and
surrounding waters in April 2008. In this
article we present the preliminary results
obtained during this survey.
Data and methods
The mesoscale distribution of physical
variables in the vicinity of the Conrad Rise
were measured in the austral autumn,
from 3–18 April 2008, during voyage 142
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onboard the South African research and
supply vessel the S.A. Agulhas. The survey
encompassed three meridional transects
across the Conrad Rise between 49–57°S
and 38–48°E, with a fourth line crossing
the interior of this region to assess the influence on the local physical environment
of the two shallowest areas (<300 m), the
Ob Bank and Lena Seamount (Fig. 2).
A total of 68 CTDs (conductivity, temperature and depth profiles) were undertaken, with 80% of the casts extending to
2000 m, while shallow casts ranging in
depth between 240 and 690 m were taken
over the Ob and Lena seamounts. At
each CTD station, vertical profiles of salinity, temperature, dissolved oxygen and
pressure were obtained with a Seabird
SBE 9/11 sensor. Water samples were
collected during the upcast on average at
nine standard depths (2000, 1500, 1000,
750, 500, 200, 100, 50, and 20 m) and
analysed onboard for dissolved oxygen.
In addition, nutrient (silicate, phosphate,
nitrate and nitrite) samples were collected
at each depth and frozen for later analysis
on land. A total of 92 XBTs (expendable
bathythermographs) were deployed
between CTD stations at 15’ intervals and
surface drifters were deployed at 13 locations on the north and south extremities
and directly over the Conrad Rise and its
associated seamounts.
Seabirds and marine mammals were
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Fig. 1. The absolute geostrophic speed and directions (in cm s–1) of surface waters at the Conrad Rise derived
from altimetry and averaged over a period of 5 years (from 2000 to 2004). Two distinct fast flowing jets
(>20 cm s–1) are shown over the northern and southern extremities of the rise. Bathymetry shallower than 4000 m
is shown by isobaths in white, at 500-m intervals (taken from Durgadoo et al.7).
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counted during daylight while steaming
between oceanographic stations. Counts
were made for 80 hours, covering a total
of 1612 km of transects. Counts were also
made of birds attending the ship at 35
oceanographic stations.
Vertical water and velocity structure
Durgadoo et al.7 identified two jets at
speeds ranging between 25 and 18 cm s–1
along the northern and southern boundaries of the Conrad Rise. Close examination of this data set suggests that these jets
may be a result of a split in the ACC due to
the current ‘wrapping’ itself around this
shallow feature. However, without detailed hydrographic data, the true nature
of these jets remains speculative. Past investigations8,9 indicated that the main jet
along the northern edge of the Conrad
Rise was associated with that of the Antarctic Polar Front (APF). Indeed, Pollard
and Read10 observed a concentrated flow
along the northern edge of the Conrad
Rise and suggested that most of the ACC
transport passes here as the APF.
The APF is commonly identified by the
northernmost extent of the 2°C subsurface
(200 m) temperature minimum (Tmin), as
dense Antarctic surface waters moving
northwards subduct below sub-Antarctic
water masses.11,12 Strong gradients in the
sea-surface temperature (5.8–4°C) mark
its surface expression.11,13 A number of
surface observations have also identified
a secondary APF at 56°S. Criteria defining
this southern APF range between surface
temperatures of 2.6–1.3°C with a core
represented by the outcropping of the 2°C
isotherm,14 or the northern limit of the 1°C
isotherm in the subsurface Tmin.1 Deacon13
and Moore et al.9 postulated that the location and nature of the APF is strongly
influenced by topography. Prominent
topographic features can result in flow
being forced to detour around mounts
or depressions to conserve potential
vorticity.15 Thus flow encountering a shallow plateau such as the Conrad Rise will
be forced equatorwards, whereas flow
encountering a deep depression such as
the Enderby Abyssal Plain, lying directly
south of the rise, will be forced polewards.
Given the influence of topographical
steering and the complex bathymetry of
the survey area, is it possible that the two
jets indicated in Fig. 1 correlate with a
northern and southern branch of the
APF? Indeed, Pollard and Read10 suggested
that in this region single fronts may fragment into several flow filaments, and
while a southern branch of the APF was
not observed during their SWINDEX
survey, it must be noted that this survey

Fig. 2. Map showing the location of all CTD and XBT stations occupied during the Conrad Rise survey of April
2008, as well as the locations of the Ob and Lena seamounts on the rise. Bathymetry is at 1000-m intervals. The
Prince Edward Islands lie to the northeast of the survey grid.

also did not cross the entire width of the
Conrad Rise.
Comparisons between a 4-year mean of
geostrophic velocity (Fig. 1) with the observed vertical structure for each transect
across the Conrad Rise are certainly similar. The APF was observed along the
northern boundary on all three transects
with a second filament, defined for the
purpose of this paper as the shoaling of
the 2°C isotherm, that Sparrow et al.15 observed south of the rise. The first transect
along 38°E (Fig. 3a) lies upstream of the
Conrad Rise and here the two surface
expressions of the APF were observed at
50°S and 56°15’S. Interestingly, the subsurface expression (Tmin at 200 m) was
encountered at 52°50’S, suggesting that
the APF had fragmented into several filaments upstream of the rise. Analysis of
7 years of satellite data9 shows a persistent
split in the surface expression of the APF
in this region, often with both surface and
subsurface expressions separated latitudinally by up to 300 km.16 Moving eastwards over the rise and towards the
shallow Lena Seamount (44°E), the APF
filaments were observed closer together
at 50°S (4.8–3.2°C) and again at 54°S
(2.5–1.6°C), its subsurface expression mirroring the first branch (Fig. 3b). Figure 1
clearly shows the path of the two jets approaching each other along the breadth of

the rise and this again is shown within the
hydrographic data along 48°E, with both
branches of the APF lying closer together
at 51°S (4.5–3.5°C) and 54°15’S (3–1.9°C).
The hydrographic data collected during
this survey support previous notions that
the Conrad Rise influences the path of the
ACC and results in the fragmentation of
the APF into several branches. Once split,
the APF moves around the rise as two
filaments separated by 3–6° of latitude.
Geostrophic velocities calculated from
the CTD data support the occurrence of
two distinct jets on either side of the
Conrad Rise, mirroring the mean circulation observed in Fig. 1. In fact, examination of surface velocities from satellite
altimetry data on 11 April 2008 shows
the banding of eastward flow to the north
and south of the rise with surface velocities
exceeding 20 cm s–1. In contrast, velocities
over the shallow rise are minimal (2–
10 cm s–1), typical of the quiescent nature
of the broad zonal bands, which separate
ACC fronts. Comparison with both Fig. 1
and geostrophic velocities calculated
along the eastern edge of the Conrad Rise
along 48°E (Fig. 4) corroborates this finding.
There was evidence of enhanced biological activity associated with the jets
north and south of the Conrad Rise. King
penguins, Aptenodytes patagonicus, crested
penguins, Eudyptes species, and diving
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Fig. 3. Temperature section along (a) 38°E, (b) 44°E and (c) 48°E for the top 500 m. The
position of both the southern and northern branches of the APF is shown. The position of the
shallow Lena Seamount, observed from ETOPO2 data, is highlighted in (b).

petrels, Pelecanoides species, occurred at high densities around the
periphery of the Conrad Rise. Penguins are notoriously hard to observe at sea, and there are very few records from the SW Indian
Ocean sector of the Southern Ocean,17 yet they made up >80% of the
biomass of seabirds counted during transects. Surprisingly few marine mammals were observed, with no pinnipeds seen, and only occasional whales apart from aggregations of fin whales, Balaenoptera
physalus, between 56°35’S, 40°20’E and 56°14’S, 42°10’E on 7 April and
at 48°48’S, 39°10’E on 18 April.
Discussion and conclusions
Although past investigations18 have shown that the Conrad Rise
strongly affects the flow of bottom water, no other hydrographic investigations have, until now, been undertaken in the region. The
tracks of both subsurface floats and surface drifters suggest that the
Conrad Rise forms a substantial barrier to the eastward movement
of Antarctic water masses at all depths.7 The intensified flow (>20 cm
s–1) identified from hydrographic data collected during the April
2008 survey along both the northern and southern extremities of the
rise are associated with a fragmented APF. Closer examination of
hydrographic profiles correlate with the variability in the position of
the APF brought on by its deflection around the Conrad Rise, with
water masses typical of the Antarctic extending north of their mean
position. It is conceivable that a split in the APF causes the unusual
location of ambient water masses over an extensive part of the rise.
This is likely to be of considerable importance to predators such as
king penguins that breed in the sub-Antarctic but rely to a large

(c)
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Drifter Center of NOAA as part of their International
Drifter Programme. Altimetry data were provided
from the AVISO altimetry network.

Fig. 4. Geostrophic velocities for the upper 500 m (calculated from a reference depth of 2000 m) along 48°E. The
presence of two distinct jets (10–14 cm s–1 highlighted as dark blue bands) north and south of the Conrad Rise is
clearly shown.

extent on prey associated with Antarctic
waters.19
Recent climate models suggest that
movement of both sub-Antarctic and
Antarctic water masses through variations in the strength or position of the
ACC are sensitive indicators of ocean
climate change.20 Traditionally, the northward transport of Antarctic water masses
across the ACC has been attributed to
Ekman transport as well as eddy shedding events, but enhanced cross-frontal
advection through shifts in the ACC,
driven by prominent bathymetric features,
may further contribute to this northward
transport.21 If the assumption is correct
that a change in volume transports associated with the ACC is determined in part
by bathymetric features, then the quantification of these fluxes may be crucial for
understanding global biogeophysical
budgets. Despite the importance of these
processes, little is known of the regional
and temporal variations in the position of

the ACC. A key outcome of the Conrad
Rise survey will be to examine the influence the shallow bathymetry has in fragmenting the ACC and the repercussions
that changes in the Antarctic surface
water masses, due to variations in the position and/or intensity of the APF, have on
the neighbouring sub-Antarctic region. It
may also have significant implications for
top predators that are at risk of regional
warming.22
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