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Abstract

The Saya de Malha Bank is one of the major banks of the Mascarene Plateau in the South West Indian Ocean.
It is known for its unique ecosystem, remoteness (nearest island is about 300 km away) and complex oceanographic
conditions. This study presents the results of a survey conducted in May 2018 on-board the R/V Dr Fridtjof Nansen,
and aims to provide a descriptive overview of the interaction of the large-scale South Equatorial Current (SEC) over
the shallow Saya de Malha Bank. The analysis of the current pattern revealed a two-layered structure of the current
over the shallow topography of the bank compared to the vertically rigid-structure of the SEC throughflow in its
deeper region. This two-layered flow consists of a surface layer and a sub-thermocline layer. The top layer flow,
carrying the lower salinity mass (Tropical Surface Water) is driven by the Ekman dynamics observed in the south-
ern hemisphere whereas the sub-thermocline current layer is most likely governed by the tidal and internal wave
dynamics generated by the topographic relief of the bank.
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Introduction

The tropical south Indian Ocean is characterized by
the large-scale circulation called the South Equato-
rial Current (SEC), which is a major westward current
in the latitude band between 10° to 20°S and is most
intense at the surface, reaching a depth of 1400 m
(Schott and McCreary, 2001; New ef al., 2007; New et
al., 2005). When the SEC meets the Mascarene Pla-
teau, an arch-shaped submarine ridge comprising
of a series of shallow banks (Cargados Carajos Bank,
Nazareth Bank, Saya de Malha Bank and Seychelles
Bank) that rise sharply from the deep ocean in the
South West Indian Ocean (SWIO), it has a profound
effect on the basin-scale current system (Schott and
McCreary, 2001).

The overall effect of the Mascarene Plateau is to split
the SEC into two cores, forming the northern and
southern cores of the SEC downstream of the pla-
teau and the current is forced to follow the bathyme-
tric contours of the banks (New et al., 2007) which are

eventually funnelled across to the SWIO through the
gaps found between the shoals of the plateau (New et
al., 2007; Vianello et al., 2017). Most of the SEC flows
through three gaps (channels): between Seychelles
and the Saya de Malha Banks; between the Saya de
Malha and Nazareth Banks; and between Cargados
Carajos Bank and Mauritius island. The volume trans-
ported in these gaps varies due to the varying influ-
ence of the two monsoon seasons (northeast Monsoon
and southwest Monsoon) on the SEC (Vianello et al.,
2017). In addition, the interaction of incident currents
with the abrupt topographical changes prompts local
oceanographic conditions to support the formation
of unique mid-ocean shallow sea ecosystems (Genin,
2004; Payet, 2005).

The SEC also acts as a barrier in the upper ocean
between water masses of southern and northern ori-
gins (Schott and McCreary, 2001; New et al, 2007,
New et al., 2005). For instance, the Subtropical Surface
Water (STSW), Sub-Antarctic Mode Water (SAMW)
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and Antarctic Intermediate Water (AAIW) are pres-
ent on the southern side of the SEC as compared to
the Arabian Sea High Salinity Water (ASHSW) and
Red Sea Water (RSW) on its northern side (New et al.,
2007). Tropical Surface Water (TSW) is also evident
as a fresh surface layer which is carried westward by
the SEC in the upper 50-100 m. At deeper depths, the
North Indian Deep Water (NIDW) and Antarctic Bot-
tom Water (AABW) are found to the west of the Mas-
carene Plateau (New et al., 2007; Pous et al., 2014). The
SEC therefore forms a sharp boundary between the
subtropical water masses from further north (nutri-
ent-rich waters) and south (nutrient-poor waters) of
the bank (New et al., 2007; Vortsepneva, 2008). The
interaction of the SEC with the Mascarene Plateau
further plays a significant role in the supply of water
masses to the SWIO (New et al., 2005; New et al., 2007;
Vianello et al., 2017).

The Saya de Malha Bank is one of the major banks of
the Mascarene Plateau and has an area of about 40,
808 km? (Vortsepneva, 2008), and is comprised of the
smaller Ritchie Bank and the South Bank. This paper
focuses on the latter which will be hereafter referred
as Saya de Malha (SDM). The SDM has been the target
of various scientific research works during recent years
due to the uniqueness of its ecosystems (Bergstad et al.,
2021; Ramah et al., 2022), the complexity of its oceano-
graphic processes (da Silva et al., 2011; New et al., 2013;
Lindhorst et al., 2019) as well as its geological nature and
biogeochemistry (Lindhorst et al, 2019). The oceano-
graphic conditions that develop over SDM and their
impact on local biological productivity are strongly
influenced by a superposition of the steady SEC flow
with barotropic tides (da Silva et al., 2015) upon inter-
acting with the relief of the bank. As a result of these
interactions, barotropic tidal energy is transferred to
internal solitary waves (ISWs) at the southern end of the
bank, which propagate towards the shallow bathymetry
where they break (New et al., 2013). The ISW breaking
induces turbulence and intense mixing, which appears
to boost nutrient supply and chlorophyll production in
otherwise oligotrophic environments (New et al., 2013;
Ostrowski ez al., 2009; Zeng et al., 2021).

In May 2018, the Norwegian research vessel, R/V Dr
Fridtjof Nansen, in collaboration with the Mauritius
and Seychelles Joint Management Authority, con-
ducted a survey over the SDM that lasted almost three
weeks. It is to be noted that the SDM is within the Joint
Management Area and is jointly managed by both the
Republic of Mauritius and the Republic of Seychelles
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under the Joint Management Treaty (Treaty Concern-
ing the Joint Management of the Continental Shelf in
the Mascarene Plateau Region - CLCS, 2011). The aim
of the survey was to carry out a systematic study of
the benthic ecosystems and morphology of the bank.
The survey covered the entire area of the bank with an
adequate spatial resolution with the vessel-mounted
Acoustic Doppler Current Profiler (ADCP) operated
continuously underway. In this paper, the collected
ADCP data were used to provide a general descrip-
tion of the circulation over the inner sections of SDM
and its connection to the SEC throughflow along the
southern slopes in May 2018.

Materials and methods

Study area

The SDM is a large bank with a summit surface of
about 350 km wide (Kara and Sivuka, 1990) and is
located between latitudes 10-13°S and longitudes
59.830-62.30°E as shown in Figure la. The closest land,
the Agalega Island, is approximately 300 km away. The
bank is about 900 km and 700 km south of Mauritius
and north of Seychelles, respectively. It is separated
from the Nazareth Bank, in the south, by a 1100 m
deep channel. The bank experiences relatively steady
southeast trade winds. During the southern winter, the
northern edge of the trade winds shifts northward and
falls during the southern summer and autumn (Schott
et al., 2009). The precipitation in the region is around
100-200 mm/month during December, January and
February and less than 50 mm/month during June,
July and August (Schott et al., 2009).

Survey approach

The field survey was undertaken on board the R/V
Dr Fridtjof Nansen (Survey no. 2018406) (Bergstad
et al., 2020) in May 2018 just before the onset of the
southwest Monsoon season. The survey approach was
derived primarily to characterize the marine eco-
system and morphology of SDM. It consisted of two
legs as shown in Figure 1 (b and c). Leg 1 followed a
pre-determined trajectory of eight parallel transects
covering the whole bank. Each transect was separated
by approximately 15 nautical miles from the other and
covered the entire width of the bank from its west-
ern to its eastern edge, extending a few miles into the
surrounding deep ocean. Leg 2 involved an intense
sampling programme for habitat mapping at selected
locations and did not follow a fixed transect grid.
At the end of Leg 2, the vessel concluded the observa-
tions over the bank and departed southwards, crossing
the SN sill towards the Nazareth Bank.
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Ship-based ADCP data

Ocean current velocities and directions were recorded
and measured continuously while the ship was under-
way with the vessel-mounted Ocean Surveyor 75
kHz and 150 kHz Acoustic Doppler Current Profiler

plus Conductivity, Temperature and Depth (CTD)
profiler. A total of 44 CTD stations covering the full
depth of the water column were included in the sur-
vey, among which 30 were during Leg 1 (Fig. 1b) and 14
during Leg 2 (Fig. 1c).
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Figure 1. a) Region of the Mascarene Plateau surveyed in May 2018 (yellow box); b) Leg 1 of the survey (7-15
May 2018); and c) Leg 2 of the survey (15-25 May 2018) with their corresponding CTD stations undertaken

over the Saya de Malha Bank.

(ADCP) by the Teledyne RD Instrument (RDI). The 75
kHz ADCP has a vertical resolution of 16 m and max-
imum depth of 800 m. The respective values for 150
kHz units were 8 m and 300 m.

CTD and wind data
The vertical profiles of temperature, salinity and dis-
solved oxygen were determined using the Seabird 911

Wind speed and direction data were collected with the
vessel’'s Automated Weather Station (AWS) mounted
10 m above sea level with a sampling rate of 1 minute.

Bathymetry

The bathymetry of SDM was derived by merging the
GEBCO 2021 atlas data (https://www.gebco.net) with
the shallower depth in situ echo-sounding data (less



than 800 m deep) from 2008 (Stgmme et al., 2009)
and 2018 (Bergstad et al., 2020) Nansen expeditions.

Satellite data

The daily satellite data from the GlobCurrent product
were used in this study. The images for the observa-
tional period from 7-27 May 2018 were accessed through
the Copernicus Marine Service website (https:/www.
copernicus.eu/en), product MULTIOBS_GLO_PHY_
REP_015_004. GlobCurrent combines altimetry-de-
rived geostrophic currents and Ekman (wind-driven)
currents (Cancet et al., 2019). These data are distributed
on a 0.25-degree grid.

Data analysis and techniques

The ADCP data were processed using a version of
OSSI post processing software developed at GEO-
MAR (Fischer et al., 2003) and adapted to the specifics
of fishery surveys at the Institute of Marine Research,
Norway [Ostrowski, personal communication].
The pre-processing involved removing erroneous
data, bottom masking, and correcting the misalign-
ment between the ship and the ADCP beam axis. The
misalignment angle and its standard error were esti-
mated to be -0.25° and 0.006° for the 150 kHz and
0.06° and 0.006° for the 75 kHz ADCP. As a result of
this analysis, a time-averaged dataset with a 2-minute
sampling step was obtained.

In this study, the 150 kHz data were used in the inner
part of SDM, whereas the 75 kHz result was utilized
exclusively to compute transports in the southern sec-
tion of the bank and across the SN sill. The volume
transport was computed using the following equation:

Volume transport = f f v.dA

where v is the velocity and d4 is the area normal to
the velocity.

The vertical shear squared (Sh?) of the horizontal
velocity was computed using the following equation:

ou v
2 — (222 N2
Sh (62) + (62

) ) -
where (a—:)2 and (a—:)2 represent the contribution of
the vertical shear associated with the zonal and merid-
ional currents respectively.

The CTD data were quality checked and erroneous
data and spikes were removed. The postprocess-
ing was carried out using the Seasave software from
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Sea-Bird Scientific. The salinity and oxygen data were
validated on-board by comparison with water bot-
tle samples using the Guildline Portasal 8410A and
the Winkler method (Langdon, 2010), respectively.
The dual sensor configuration on the CTD probe
secured the validation of temperature data.

The raw data of wind speed and direction displayed
numerous gaps. After the removal of these gaps, the
valid data sections were low-pass filtered using a
15-minute lag. Finally, the filtered dataset was regu-
larised on a grid with a cell resolution of 10 x10 km to
account for overlapping coverage when the ship was
manoeuvring.

Results

Topographic features of Saya de Malha Bank

The overall topographic architecture of the bank can
be divided into three main parts: a shallow submerged
reef rim surrounding the eastern and northern part of
the bank with a bathymetry of less than 40 m deep; an
interior central lagoon (CL) of 70-150 m deep which
opens up in the south shelf break ledge (SBL) of the
bank at depths between 200 to 250 m; and a narrow
southern tip (South Point - SP) with depth greater
than 250 m. Moving from the west to east of the pla-
teau (Fig. 2a), the water depth on the western part of
the bank is around 70 m, in the lagoon (CL) 120 m and
about 40 m in the eastern part (ES). This indicates that
the plateau on the eastern side is more elevated than
on the western side. Surrounding the eastern (ER) and
northern rims (NR) are shallow areas of 40 to 100 m
deep. The interior part of the bank consists of pinna-
cles and/or local highs protruding from the seafloor.
One of them can also be seen on the western side,
labelled western tower (WT) and stands about 75 m
above the seafloor. Another similar pinnacle is located
on the eastern side. It is a stand-alone seamount-type
structure (hereafter referred to as the South Bank
or SB). The main structures of the bank follows the
description presented by Vortsepneva (2008) from the
research work done in the 1980s.

Wind conditions

Steady southeasterly wind with velocities ranging
between 10-12 m s dominated throughout the survey
period. The wind velocities however dropped to 7-8
m s for a few hours on 14, 17, 20 and 22 May 2018
(not shown). The wind pattern observed on 8 May was
an exception as the wind velocities reduced to 8-4 m
s with the wind direction being predominantly from
the northeast. The overall wind conditions observed
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over the SDM were consistent with the western Indian
Ocean (WIO) wind climatology, characterized by
the steady southeast trades south of 10°S (Schott and
McCreary, 2001).

Water masses

Figure 3 presents temperature, salinity, and dis-
solved oxygen sections across the bank, in a north-
south direction (Fig. 2b). All distributions showed the
same vertical structure, consisting of the top layer of
Topical Surface Water (TSW), characterized by uni-
form temperature (28.2-28.4°C), salinity (31.1-31.4
PSU) and oxygen (4.5-4.6 ml/L) ranges. This fresh
TSW layer is transported by the SEC from the west-
ern Pacific region (New et al., 2007; Vianello et al.,
2017) and was observed throughout the SDM region.
The TSW varied across latitudes between depths of
40 to 70 m, with shallower depths in the northern
part and deeper depths in the southern part of the
bank. At the southern end of the section, the pyc-
nocline was found at 60 m but appeared to shoal
northwards. However, at the shallowest station, Sta.
395 located at the northern terrace, stratification was
absent as the TSW layer extended to the bottom.
Strong stratification separated the top TSW layer
from colder, more saline and oxygen-deficient water
masses below, identified as the Indonesian Through-
flow Water (ITF) and the Subtropical Surface Water
(STSW). The vertical profile of dissolved oxygen
at Sta. 402 also displayed a low oxygen content
(< 2 ml/L) in the Central Lagoon (CL) compared to
the surrounding deep ocean, thus indicating higher

production and decomposition rates in this region.
Therefore, the local oceanographic conditions could
be favourable to sustain regional productivity due to
the topographic features of the bank. However, given
the sparse CTD stations spacing over the Central
Lagoon, the above observation is inconclusive.

Satellite observations - surface current pattern
Figure 4 presents streamlines of satellite-derived daily
currents over the SDM and SN sill on the first and last
day of the survey (on 7 and 27 May, 2018 respectively).
The streamlines are overlaid on the shaded bathym-
etry. The location of the SEC core is manifested by
the current velocities exceeding 40 cm s (the green
hue on the colour scale). Between the start and end
of the survey, the flow patterns had evolved visibly.
On 15 May 2018, on the eastern (upstream) side,
the incident SEC flew in three separate cores (not
shown). On 27 May 2018, in contrast, the upstream
SEC reformed to a broad current extending from
10° to 14°S and further south. On both days (7 and
27 May 2018), the SEC streamlines behaved similarly
- diverging into two branches on the upstream side
of SDM; one branch swinging around the southern
tip of the bank, the other following along the bank’s
northern edge. The two branches manifested top-
ographic steering action where geostrophic flows
must follow the bottom contours (Cushman-Roisin
and Beckers, 2011). With a resolution of 0.25 degree,
the GlobCurrent-derived streamlines presented
in Figure 4 could only reproduce the largest-scale
features of this process.
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Figure 2. a) Bathymetry of the Saya de Malha Bank’s shallow regions (above 300 m): NR — Northern Rim, ER — Eastern Rim, CL — Central Lagoon,
ES - Eastern Slope, WT — West Tower, SB — South Bank, SBL — Shelf Break Ledge and SP — South Point; and b) Southbound section (red line)
representing CTD stations used for the vertical distribution plots (pink dots represent all CTD stations).
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Figure 3. Latitudinal distribution of: a) Potential temperature (°C); (b) Salinity (PSU); and (c) Dissolved oxygen

concentration (ml/L) across the Saya de Malha Bank.

ACDP currents velocities of 10-20 cm s (Fig. 5a) and increasing inten-

The ADCP data showed similar trend as previously
described in the satellite observations; that is, upon
reaching the eastern slopes of SDM, the SEC diverges
into a northeastward and southwestward direction
feeding the northern and southern part of the bank
respectively. The ADCP currents revealed a general
current pattern in the surface layer across the bank
which flowed in a southwestward direction with

sity towards the south of the bank reaching velocities
0f 40-50 cm s (Fig. 6). Furthermore, an eastward cur-
rent was observed below the surface layer with veloc-
ities of 10-20 cm s This two-layered structure of the
current was also apparent on the central region of
the bank which demonstrates the complexity of the
interaction of currents with the mountainous topog-
raphy of SDM. The intensity of the SEC was found
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Figure 4. Streamlines of satellite-derived daily surface currents (m s') over the Saya de Malha region for: a) 7 May 2018; and

b) 25 May 2018.

to be greater at the northeastern and the southern
regions of the bank. The southern branch of the cur-
rent circumvented the Shelf Break Ledge (SBL) and
continued westward, joining the SEC flow channelled
through the SN sill. The current between latitudes
12° S to 14° S, in the SN sill, reached velocities of
between 50-70 cm s™.

Figure 5 presents the horizontal currents measured
over the inner part of SDM for two depth ranges: the
18-26 m, characterizing the top surface layer, TSW
transport; and the 58-66 m, associated with the under-
lying layer, ITF/STSW. Figure 7 enhances this pres-
entation by using the same data to show selected ver-
tical sections of the meridional current component.
The first impression from examining these figures is
the randomness of the presented current vectors. This
appears as a stark contrast to the smooth streamlines of
the satellite-derived surface current shown in Figure
4, representing the mesoscale currents as compared
to the resolution of the ADCP currents observed over
the bank. However, similarities between both the sat-
ellite (Fig. 4) and ADCP currents (Fig. 5a) can be distin-
guished. Firstly, the TSW transport over the inner bank
regions (CL, NR, ER; transects 2 to 5) and satellite-de-
rived streamlines shared the same current speed range
(10-20 cm s') and, generally, the same, southwest-
ward orientation. Moreover, towards the shelf break
region (SBL, transect 6), on both figures, the current

speed approximately doubled and assumed the direc-
tion of bathymetric contours (seawards of 200 m, cf.
Fig. 5a and 6a) — manifesting the topographic steering
of the SEC southern branch. Lastly, the bifurcation of
the incident SEC into the southward and northward
branches on the east side of the bank was present on
both distributions. The reverse flows along the eastern
slope of the bank were clearly identifiable at the ADCP
transects 2 and 6 (Fig. 5a; Fig. 7a and c), while the satel-
lite image demonstrated the same process of the SEC
bifurcation on the bank’s topography at a large scale.
Comparing ADCP currents observed above and below
the thermocline (Fig. 5a and b), the separation of the
flows for the top layer and underlying layer was evi-
dent. The top TSW layer over the inner bank evidently
followed the southern hemisphere Ekman layer
dynamics, deflecting flow to the left of the wind direc-
tion. In contrast, the sub-thermocline layer appeared
to recirculate around the Central Lagoon (Fig. 5b).

Figure 6a presents the horizontal distribution of
ADCP currents from the 42-50 m, thus representing
the current at the base of the thermocline (Fig. 3) for
the southern region of the bank. The tendency of the
flow to follow the 200 m depth contour across Line
A and Line B is evident. Figure 6b presents the zonal
current across these two lines. The surface-intensi-
fied zonal current dominated the observations in the
downstream section (Line A, Fig. 6b). The zonal flow
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Figure 5. Distribution of ADCP-derived currents (cm s) over the Central Plateau
and northern perimeter of Saya de Malha Bank for the: a) Surface layer (18-26
m); and b) Sub-thermocline layer (568-66 m).

exceeded 50 cm s in the upper layer and decreased
gradually with the depth dropping to velocities of
10-20 cm s below 200 m. This current flow velocity
profile was also observed in the SN sill which was iden-
tified as a place of enhanced tidal currents that trigger
internal solitary wave packets propagating onto SDM
(Konyaev et al., 1995; da Silva et al., 2011, New et al.,
2018; da Silva et al., 2015).

The upstream section (Line B, Fig. 6b) extended from
the South Bank (SB) to the Eastern Slope (ES) and the

shallow water of the Eastern Rim (ER) region. The zonal
flow, initially barotropic to the south of the SB, over
the shallow regions (ER) transformed into a two-layer
current. The top and bottom currents were separated
at the thermocline depth, hence entrained different
water masses, TSW and ITF/STSW, respectively (Fig.
8). According to the presented vertical distribution,
the two layers differed in the flow direction. Only the
TSW layer displayed the westward zonal drift in con-
trast to the underlying ITF/STSW. Remarkably, the
generally westward zonal current reversed abruptly to
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eastward above the pinnacle on the northern side of
the channel separating the SB from ES, suggesting a
topography forced recirculation — the Taylor Column
(Cushman-Roisin and Beckers, 2011).

Volume transport

Although applied to sub-optimal data (as the tran-
sects were not designed to provide accurate transport
estimates), the volume transport was computed from

Lines A and B (Fig. 6a) which produced a plausible
result. A total volume transport of 3.88 Sv (Sv = 10°¢
m?® s7) and 3.44 Sv were computed from Lines A and
B respectively. The volume transport for both lines
substantiates the topographic steering of the SEC
along the southern slope of SDM. The volume trans-
port was also calculated from transect 6 (Fig. 7c) for
the sub-thermocline layer resulting in 0.3 Sv (north-
wards) and -0.28 Sv (southwards) which supports the
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Figure 6. Distributions of ADCP-derived currents over the southern section of the Saya de
Malha bank for: a) Horizontal currents (cm s) observed in the 42-50 m layer; (b) Vertical
distribution of the zonal velocity component (cm s"') computed from Line A (left) and Line B
(right); and c) Total vertical shear squared distribution of horizontal velocity (10 s'?) computed
from Line A (left) and Line B (right).
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hypothesis of the recirculation current pattern in the
Central Lagoon region. By way of validation, the total
SEC transport across the SN sill was computed, the
region that was covered immediately after completing
the observations over SDM (on 27 May). The result,
using the 75 kHz ADCP (depth range 800 m) yielded
20.3 Sv, comparing well to previous studies with 23
Sv obtained from Lowered-ADCP (New et al., 2007)
and 14.41 Sv from ADCP 150 kHz (depth range 300 m)
(Vianello et al., 2017).
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Vertical shear

Figure 6¢ presents the distribution of the vertical shear
squared (Sh?) of the horizontal velocity observed across
Lines A and B. On the downstream of the SEC (Line A),
the entire water column displayed a low shear (< 1 x 10+
s%), manifesting a vertically rigid flow. On the upstream
side (Line B), the vertical rigidity was confined to the
deeper part (south of the SB). The Sh? increased vis-
ibly north of the SB, over the parts of the section
characterized by the abrupt and shoaling topography.
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Figure 7. Meridional velocity (cm s*) component observed along the transect lines characteristic
to the bathymetric regions of the Saya de Malha Bank for: a) Transect 2 — Northern Rim (NR);
b) Transect 4 — Central Lagoon (CL); and ¢) Transect 6 — Shelf Break Ledge (SBL; the red box
delimits the area used for the computation of volume transport in this region).
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Strong shear (> 3 x 10+ s2) was observed throughout
this region, confined to the thermocline depth. How-
ever, the vertical shear tended to be more enhanced
and expanded vertically over elevated topographic fea-
tures of the bank. The vertical shear distribution pat-
tern presented here characterized most of the ADCP
data collected over slopes and the Central Lagoon (not
shown). Strong shear was absent over the shallowest
regions (NR and ER), coincident with the absence of
stratification and TSW present near-bottom.

Discussion

This paper investigated the effect of the shallow
bathymetry of SDM on the large circulation pattern
of the SWIO; that is the westward propagating SEC,
and consequently the down-scaled current pattern
developed over the bank. The results presented in the
previous section were congruent with the literature on
the wind regime (southeast trade winds) established
in the SWIO, leading to a westward propagating cur-
rent, the SEC, and the topographic steering of the SEC
along the slopes of the bank, resulting in the diver-
gence of the SEC, feeding the northern and southern
part of SDM. The surface current pattern was found to
follow the wind-induced Ekman transport across the
bank, flowing in a generally southwestward direction
(10-20 cm/s) with increasing intensity in the southern
region of the bank (40-50 cm/s). Moreover, the study
revealed a two-layer structure of the current over the
shallow bank; the top layer characterizing the TSW
transport and the sub-thermocline layer appearing to
recirculate over the central region of the bank. This
two-layered current pattern was further corroborated
by the vertical shear and volume transport analyses
over the SDM region.

The mountainous-like topography of SDM clearly
demonstrates the possibility of Internal Solitary Waves
(ISWs) forming due to flow-topography interactions
which are common occurrences in oceanography (Xie
et al., 2017). ISWs have been found to propagate over
the SDM region and appeared to be originating from
multiple sources which are generated by semi-diur-
nal tides, on both the western and southern slopes of
the bank (New et al., 2013). Lee ISWs have also been
observed at the SN sill and are considered as one of
the largest known in the world (Konyaev et al., 1995; da
Silva et al., 2011, New et al., 2013; da Silva et al., 2015).
Packets of large ISWs propagating towards both a
west-northwest and east-southeast direction from the
SN sill near 12.5°S were recorded (da Silva et al., 2011).
In the light of the findings on the role of tidal current
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and internal waves in the current dynamics of SDM
(New et al., 2013; da Silva et al., 2015; da Silva et al.,
2011), the hypothesis of a recirculating current in the
sub-thermocline layer over the Central Lagoon may
be oversimplified given the ISWs conditions estab-
lished over the bank region.

A significant proportion of baroclinic tides propagate
in a northeast direction (New et al., 2013); thus over
the region marked as SBL in this investigation. The
activity of these wave packets explains large differ-
ences in the depth of the thermocline observed at the
CTD stations occupied in this region (Stations 414, 410
and 406, Fig. 8). The prevailing northeast propagation
direction implies that the shoaling eastern slope is the
place for intense ISW breaking, therefore the location
of strong turbulence, nutrient fluxes and, as New et al.
(2018) pointed out, enhanced biological productivity.
Furthermore, as the internal wave breaking induces
longshore currents along isobaths (Zikanov and Slinn,
2001), the recirculation observed in Figure 5b is prob-
ably a manifestation of such currents.

The SEC is known to form a sharp boundary between
the subtropical water masses from further north
(nutrient-rich waters) and south (nutrient-poor waters)
of the bank (New et al., 2007; Vortsepneva, 2008). The
T/S profiles presented in New et al. (2007) showed little
variations across the east-west profiles as compared to
the north-south profiles. This could indicate that the
topography along with the current dynamics enhance
the mixing of water masses over the shallow bank
(Pous et al., 2014). Additionally, this paper showed that
the interaction of water masses with the bank differs
strikingly. The TSW flows with the westward-flowing
current (SEC) while the underlying STSW moves in a
northward direction from the South Point and further
interacts with the topography of the bank, establish-
ing local oceanographic conditions. The pycnocline
fluctuated strongly between Stations 414 to 406, mani-
festing the amplified ISW activity near the shelf-break
as New et al. (2013) predicted. Underlying the pycno-
cline, water masses identified as ITW and STSW were
present (New et al., 2007; Vianello ez al., 2017). In the
region of the topographically steered SEC flow, along
the southern slope, the distributions of all three sea-
water properties were identical to those characteriz-
ing the SEC region upstream of the plateau (e.g. New
etal., 2007, in their Fig. 11 to 13]. The current dynamics
such as the formation and propagation of ISWs over
the shallow bank therefore plays a significant role in
the distribution and mixing of water masses.
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In the collected datasets, semi-diurnal tidal signal and
minute-scale fluctuations from ISW motions were
detected in both the ADCP and CTD analyses. For
example, it was not unusual to observe a rise or fall
of the thermocline by 40 m at the time of a CTD cast.
However, to account for these tidally induced motions
was beyond the scope of the observational programme
adopted for this research survey. Further in-depth stud-
ies are therefore required to assess the role of the cur-
rent dynamics developing over the shallow bank region.

Conclusion

This study provided a first synoptic outline of the cur-
rent pattern developed over the shallow SDM resulting
from the interaction of the SEC with the topography
of the bank. The main observations derived from the
ADCP and CTD datasets collected during the survey
over the SDM are: (1) the vertically rigid flow over the
southern slopes exposed to the SEC throughflow con-
trasting with the two-layered flow structure over the
inner bank; (2) the top layer carrying the water mass,
TSW, driven by the Ekman dynamics; as opposed to
the (3) sub-thermocline currents, most likely con-
trolled by the tidal and internal wave dynamics.
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