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1. Socio-economic context 

South Australiaôs estuarine and marine waters encompass a vast region and diverse 

ecosystems including the Lower Lakes and Murray Mouth, SAôs unique gulfs, 

numerous off-shore islands and a large portion of the Great Australian Bight. South 

Australia's coastal, estuarine and marine waters have significant environmental, 

economic, social, and cultural value to South Australians. South Australiaôs coastline 

spans approximately 5,000 km (including islands) and varies from cliffs, rocky 

shores, and sandy beaches in the South-East and West Coast, to mud flats and 

mangrove habitats in the upper Gulf St Vincent and Spencer Gulf. The related marine 

environment extends over 60,000 km
2
 of State waters and supports a diverse range of 

habitats including seagrass meadows, benthic sand habitats, sponge gardens and a 

variety of intertidal and sub tidal reef habitats. Over 100 estuaries which are 

significant breeding and nursery habitats for a broad range of ecologically diverse 

species are also found across the State. 

 

More specifically, South Australia's waters are internationally acknowledged for their 

unique diversity. They support more than 6,000 invertebrate species, 1,200 algal 

species, 350 fish species, 16 breeding seabird species, 33 mammal species and 12 

seagrass species (Australiaôs Biodiversity 1993, Edyvane 1999a, b). In addition, the 

level of endemism found in South Australian waters is unique, with 75% of the red 

algae, 85% of the fish species and 95% of seagrasses found nowhere else in the world, 

giving them local, national and international significance. In comparison, the Great 

Barrier Reef shares more than 80% of its fish, coral reefs and other marine organisms 

with other countries in the tropics (Phillips 2001). 

 

The uniqueness of South Australia marine waters, together with the increasing 

environmental threats related to them supporting more than 90% of South Australia 

population and a range of activities including commercial fishing, aquaculture, 

shipping, mining, tourism, science, education and a wide range of recreational pursuit, 

also led the South Australian Government to commit to the development of marine 

protected areas, including 19 new marine parks by 2010. 
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Finally, the shelf waters off the Kangaroo Island-Eyre Peninsula region in South 

Australiaôs waters, where most of SAIMOS activities will be conducted, support one 

of Australiaôs largest commercial fisheries ($320M yr
-1
) in Australia and most diverse 

marine ecosystems that include charismatic organisms such as whales, seals and 

sharks. As a conclusion, the development of relevant management, conservation and 

sustainability strategies requests an in-depth understanding of the nature of ocean 

circulation in this region, and how ocean circulation impacts the biological patterns 

and processes that underpin the overall productivity of the ecosystems. 

 

2. Scientific background 

2.1. Large scale context 

In the pelagic realm, individuals and populations are intrinsically linked to the 

changes occurring in their environment at many spatial and temporal scales (Legendre 

& Demers 1984). For instance, fish stock biomass fluctuates in space and time, but 

the causes and mechanisms responsible for the observed variability remain poorly 

identified (Pope & Macer 1996). In the widely investigated North Sea, a number of 

studies have reported that temperature influences cod recruitment, although the 

relationships found were often weak for the North Sea (Brander 2000). Food quantity 

and quality are also essential because they influence the growth of fish larvae 

(Cushing, 1990, Munk 1997) and attempts have been made to establish relationships 

between changes in plankton and cod (Rothschild 1998). Because of their critical 

position at the base of the marine food-web, information on phytoplankton and 

zooplankton long-term trends is an absolute prerequisite to the understanding of 

biological and ecological oscillations (Leterme et al. 2005). Phytoplankton and 

zooplankton play an important role in the functioning of marine ecosystems and 

biogeochemical cycles (Roemmich & McGowan 1995). Interannual changes of phyto- 

and zooplankton species assemblages often reflect an integrated response of the 

ecosystem to hydrometeorological forcing (Edwards & Richardson 2004, Richardson 

& Schoeman 2004). However, any synoptic and integrated approach allowing to 

unequivocally assess how plankton population and fish stock biomass are bring 

modified by local and global hydroclimatic fluctuations are still critically lacking at 

the global scale and in Australia because of both restricted spatial coverage of data 

and/or narrow time window. 
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In this context, the SAIMOS Science and Implementation Plan has specifically been 

developed to go to the heart of the IMOS requirements: 

- Enhance the systematic collection of data to improve Australiaôs capacity to 

understand ocean variability and regional climate change and to improve 

Australiaôs contribution to global programs addressing these issues 

- Provide capability to systematically monitor the interaction of the boundary 

currents with shelf waters around Australia and their variation through time. 

This interaction provides the large-scale oceanographic controls on ecosystem 

health and distribution and biological productivity. 

- Provide systematic capability to collect data to understand ocean productivity 

and the macroscale connections between animal populations. 

  

2.2. Regional science overview 

2.2.1. Physical oceanography 

Along Australiaôs vast southern shelf, eastward propagating storms drive intense 

Coastal Trapped Waves (CTWs; ocean weather) that are further intensified by waves 

generated off Western Australia (Figure 1).  These waves can have typical velocities 

of 25 cm s
-1
 with annual extreme values of up to 50-90 cm s

-1
. On the shelf, water is 

advected back and forth along isobaths with periods of 5-20 days, although such 

waves can be important to cross-shelf exchange. In turn, the waves generated along 

the southern shelves drive CTWs within Bass Strait and on the NSW shelf: the review 

article by Middleton and Bye (2007) summarises our present knowledge of the ocean 

circulation of the region. 

 

At longer time scales, the westward Flinders Current is in part driven by a bifurcation 

of the Tasman Outflow (Fig. 1) and part by the equatorward (Sverdrup) transport of 

the Southern Ocean. Uniquely, it forms a small sister of the worldôs major western 

boundary currents (e.g. the East Australian Current) and is sensitive to large scale 

changes in the Southern Ocean winds as well as changes in the Tasman Outflow, 

itself regulated by the East Australian Current and winds in the Pacific.  Little data 

exists describing the current (MB), although it appears to be (i) largest (5-20 cm s
-1
) at 

depths of 400-600 m, and (ii) trapped to the shelf slope, and as such it will be 

enhanced or reduced by shelf slope eddies and may be important to upwelling within 
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the deep canyons along the shelf. In the west, it forms part of the Leeuwin 

Undercurrent with speeds of 20 cm s
-1
. 

 

 

Fig. 1. Illustration of the winter current systems of the southern region and inter-connectivity. The 

Leeuwin Current  (LC) is modulated by El Niño events, and penetrates into the Bight where it has a 

strong influence on shelf currents during winter. The Flinders Current (FC) forms a deep slope 

undercurrent of the LC off W.A.  The FC is also influenced in magnitude by the equatorward currents 

(Sverdrup transport) in the Southern Ocean and by the Tasman Outflow in the east. The CTWs (mauve) 

generated off W.A. also reinforce locally driven waves within the Bight, which in turn drive CTWs 

through Bass Strait and onto the shelves of Tasmania and NSW. 

 

More specifically, the Kangaroo Island-Eyre Peninsula region hosts one of Australiaôs 

iconic and distinct marine upwelling systems (Kämpf et al. 2004). The summertime 

upwelling is well illustrated by bottom temperature data (Fig. 2) obtained from the 

CARS (CSIRO Atlas of Regional Seas) and the results from a numerical model of 

upwelling for the February 1999 period (Fig. 3). As shown, both data and model 

indicate that upwelling originates to the south and south-east of Kangaroo Is and quite 

possibly is directed along the 100 m isobath to the north and north west. This has been 

confirmed in analyses of all data collected for the region Middleton and Bye 2007). In 

addition, the results of the simulations conducted by Middleton & Bye (2007) indicate 

that the low-frequency weather-band flow (associated with upwelling) is essentially 

directed along isobaths. These results intrinsically provided the rationale behind the 

choice of deploying the SAIMOS key reference station in the upwelling plume and on 

the 100 m isobath. 
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Fig. 2. Bottom temperature climatology from the CSIRO CARS climatology for summer (McClatchie, 

et al. 2006; see also Middleton & Bigh 2007). Only water with temperature between 13.5 and 16.5 oC 

is colour contoured for clarity. Note the Kangaroo Island sub-surface pool of upwelled water is not 

evident in SST maps and results from upwelling to the south, and south-west of Kangaroo Island. The 

site of the thermistor data in Fig. 4 is shown by the black arrow. 

 

 
 
 
Fig. 3. The results of upwelling on bottom temperature in a numerical model of Middleton and Platov 
(2005) and for 6 February 1999: winds and currents had been upwelling favourable for 10 days prior to 

this date and water has been upwelled from depths of 250 m to the south and south-west of Kangaroo 

Is. The coldest plume follows the 0.1 km (100 m) isobath indicated by the black line. Only water of 

temperatures 12.5 to 18 oC has been colour contours. The vector legend indicates current with 

amplitude 5 cm s-1. 
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In conjunction with the west-ward Flinders Current (or eddies), the submarine du 

Couedic canyon may also be important to the upwelling dynamic in the region. 

Recent theoretical studies demonstrate that submarine canyons cutting through the 

shelf-break (the so-called shelf-break canyons) support a deep localised upwelling in 

situations when the ambient slope currents run opposite to coastal Kelvin wave 

propagation (Kämpf 2006, 2007). Previous mooring observations indicate that such 

conditions associated with northwestward flow are established during the summer 

month south of Kangaroo Island (Hahn 1986). Consequently, canyon-upwelling 

events are presumably key ingredients in the upwelling dynamics in the eastern GAB, 

as these events are particularly deep and bring nutrient-rich water from a depth range 

of ca. 200-400 m onto the shelf and contribute to the formation of the Kangaroo 

Island pool (Kämpf 2007); see also Fig. 2. In particular, the du Couedic canyon 

appears to represent a focal point for the inflow of upwelled waters toward the 

continental shelf. 

 

The vertical structure of temperature and its seasonal variability is also well illustrated 

by a plot of temperature versus depth as obtained from a thermistor string between 

November 1980 and June 1983 (Fig. 4). In particular, a strong 13
o
C upwelling event 

is clearly visible for March 1983 (Fig. 4). 

 

 
Fig. 4. Thermistor string data (depth 130 m) for 1981-1983 from a shelf edge site directly offshore 

from Neptune Is (marked in Figure 2a) as obtained by Hahn (1986). 
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In winter the winds become downwelling favourable, and in association with coastal 

cooling, water generally becomes well mixed over the shelf down to depths of 200-

300 m (Fig. 4; Middleton & Bye 2007). However, it is also known that the salty dense 

waters formed in the Spencer Gulf during summer can cascade as a density current 

following winter cooling as illustrated in the salinity data shown in Fig. 5. As a 

consequence, the du Couedic Canyon also appears to represent a focal point for the 

outflow of the density current. The mean eastward shelf currents are typically 20 cm 

s
-1
 during winter, 2-3 times that found in summer, with the latter flowing from east to 

west. Analyses of the region suggest that the mean shelf currents, upwelling and the 

Flinders Current are also subject to significant El Niño influences via West Australian 

shelf-slope currents. 

 

 
 
Fig. 5. The maximum salinity at any depth for June 1986  illustrating the dense water outflow (red 

dashed line) due to wintertime cooling and net evaporation within Gulf; modified from Lennon et al. 

(1987). 
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2.2.2. Physical oceanography 

The Kangaroo Island and Eyre Peninsula region has traditionally been perceived as a 

region of limited biological activity due to low nutrient availability. However, recent 

evidence for the occurrence of coastal upwellings in summer-autumn characterised by 

low surface water temperatures and elevated concentrations of chlorophyll a (Kämpf 

et al., 2004; McClatchie et al., 2006) suggests, however, that during this period 

surface waters may be enriched with nutrients and may promote high levels of 

primary productivity. These upwelling events are unique as they only occur 2 to 4 

times a year over periods of 3 to 10 days (Middleton and Bye, 2007) and the upwelled 

waters are transported over large distances (up to 200-400 km over a period of 10 

days; Middleton and Bye, 2007) through the wide continental shelf which supports 

one of Australiaôs largest commercial fisheries and highly diverse ecosystems, 

including a variety of whale, dolphin, pinniped and shark species.  

 

More specifically, the preliminary work conducted as part of P. Van Ruth PhD thesis 

has indicated that during the summer/autumn upwelling season, two distinct water 

masses can be identified in the shelf waters of the eastern Great Australian Bight. A 

surface layer of warmer, more saline, less dense water with origins in the central 

Great Australian Bight overlies a bottom layer of colder, less saline, denser water 

upwelled from off the shelf south of Kangaroo Island.  The euphotic depths are also 

generally 10 to 20 m greater than the depth of the surface mixed layer, suggesting that 

potentially nutrient rich upwelled water may available to primary producers within the 

euphotic zone. This also suggests that high levels of primary productivity may be 

occurring in the waters below the surface mixed layer.  Indeed, fluorescence data 

from CTD depth profiles revealed a deep chlorophyll maximum in the waters below 

the surface mixed layer. 

 

Our preliminary work conducted on phytoplankton and zooplankton communities has 

shown that the coastal waters of the eastern Great Australian Bight have a potential 

productivity that rivals the most productive regions of the ocean. However, 

productivity levels vary considerably both spatially and temporally, with the highest 

levels restricted to areas influenced by the upwelling plume, and associated with 

upwelling events.  Variations in primary productivity are implicitly related to 

variations in meteorology and oceanography in the region, which drive the supply of 
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nutrients to the phytoplankton. In this context it is also critical to understand the lag 

between an upwelling event and the biological response, as well as the qualitative and 

quantitative nature of the food webs initiated by the upwelling.  There is still much to 

understand about the productivity of these communities, their potential link with the 

microbial food web, and the bentho-pelagic and the ocean-atmosphere couplings. 

 

2.3. Research challenges 

Clearly the oceanographic processes of the region are connected both to larger-scale 

boundary currents and hydroclimatic forcings. In the context of the ecosystems for the 

region, our approach reflects the concept that variability in physical and chemical 

forcing associated with regional processes of cross-shelf exchange (including 

upwelling) has ramifications throughout the food web, that extend from 

phytoplankton and zooplankton and all the way to the foraging patterns of higher 

marine predators (e.g. sea lions, sharks and whales). However, nothing is known on 

the structure and the dynamics of the planktonic organisms fuelling the upper levels 

of the pelagic food chain. In particular no information is available on issues as critical 

as: 

- the qualitative and quantitative nature of the nutrient enrichment linked to 

upwelling events; 

- the potential changes in the nature of the planktonic food chain in response to 

upwelling events, i.e. short herbivorous food chain versus microbial loop; 

- the response of primary producers to nutrient enrichment by upwelled waters; 

- the response of secondary producers to phytoplankton growth; 

- the impact of the duration of an upwelling event on the ómatch/mismatchô
1
 

between predators and preys, and thus of the sustainability of fish stocks on 

shelf waters; 

- the space-time distribution of plankton communities and productivity in 

relation to the upwelling plume;  

- the fate of the organic matter produced as a response to upwelling events, and 

its effect on the biogeochemical cycling of carbon and nitrogen. 

 

                                                
1 The match-mismatch hypothesis was developed in order to explain the variation in recruitment of 

fishes population (Cushing, 1990). Briefly put, if recruitment/production at a given trophic level 

matches food availability, effective recruitment will be profound. In contrast, if there is a mismatch 

between food recruitment and food availability, effective recruitment will be low. 




