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Executive Summary 

1. This report builds on information collated in the ‘South-West Marine Region (SWMR): Key 

Species Report’ and summarises available information on the ecological roles of small pelagic 

fishes in waters off South Australia (SA).  

2. To assess the ecological importance of small pelagic fishes in the ecosystems off SA we: 

describe the physical and biological characteristics of SA’s marine ecosystems; summarise 

available information on the distribution and abundance of pelagic fishes; present 

preliminary dietary and foraging data for key predatory species; and provide preliminary 

results of a trophodynamic modelling study.  

3. Three distinct pelagic ecosystems occur within SA: the gulfs, Spencer Gulf and Gulf St 

Vincent; the Flinders Current System, which comprises shelf waters of the Bonney Coast 

and eastern Great Australian Bight (GAB); and the western GAB. The two gulfs are 

managed by the SA Government separately from the SWMR. Relatively little information 

is available on the small pelagic fishes of the western GAB. Hence, this report focuses 

mainly on the small pelagic fishes and large marine predators of the Flinders Current 

System. 

4. The dominant oceanographic feature of the Flinders Current System is the coastal 

upwelling that occurs during summer and autumn off the Bonney Coast and in the eastern 

GAB. Eleven species of small pelagic fishes belonging six families (Clupeidae, Engraulidae, 

Scombridae, Carangidae, Emmelichthyidae and Scomberesocidae) occur in the region.  

5. Significant biological and ecological information has been published for sardine (pilchard, 

Sardinops sagax), Australian anchovy (Engraulis australis), sandy sprat (Hyperlophus vittatus), 

blue sprat (Spratelloides spp.) and blue mackerel (Scomber australasicus).  

6. The presence of large populations of sardine and anchovy in SA waters has been linked to 

the enhancement of regional productivity be seasonal upwelling of cool nutrient rich water 

from the Flinders Current.  

7. The SA Sardine Fishery (SASF) is Australia’s largest fishery by weight. The Total 

Allowable Catch for 2008 is 30,000 t. This is approximately 11.4% of the estimate of 

spawning biomass for 2007 of 263,747 t. 

8. The SASF has grown rapidly and sustainably despite mass mortality events in 1995 and 

1998 each killed over 70% of the adult stock. After each sardine mortality event the 

distribution and abundance of anchovy expanded to include shelf waters where sardines 

usually dominate. The abundance of anchovy in shelf waters decreased as the sardine 

population recovered from the two events.  
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9. The abundance of blue mackerel in the eastern GAB appears to vary between years. 

Preliminary surveys suggest that large quantities of blue mackerel occur in the western 

GAB during summer. The high abundance of blue mackerel (and southern bluefin tuna, 

SBT) in the western GAB has been linked to the warming influence of the Leeuwin 

Current.  

10. The high productivity and the ecological significance of the Flinders Current System are 

highlighted by the presence of globally significant populations of predatory fishes, marine 

mammals and seabirds in the region. Blue whales, short-tailed shearwaters and southern 

bluefin tuna make conspicuous migrations into the SA waters during each upwelling 

season. Other species, including the New Zealand fur seal, form large colonies in and near 

the upwelling centres along the Bonney Coast and in the eastern Great Australian Bight. 

Many of these predatory species are listed internationally as critically endangered (e.g. 

SBT), threatened (pelagic sharks), and/or protected (seabirds and marine mammals).  

11. The biology, diet and foraging ecology of predatory fishes, seabirds and marine mammals 

in the Flinders Current System has been studied intensively since 2001. The diets of most 

predatory species are comprised of small pelagic fishes, cephalopods and crustaceans.  

12. A current FRDC-funded study (Project 2005/031) is explicitly examining the importance 

of small pelagic fishes, especially sardines, in the diets of key predators, with the goal of 

assessing the need to establish ecological performance indicators for the SASF. This study 

includes trophodynamic modelling of the Flinders Current System. The final report for 

this project, which will be finalised in 2008, will provide information to assist future 

management of the Flinders Current System. 

13. Funding to support research on the small pelagic fishes and large marine predators of the 

Flinders Current System has predominately been provided to support the ecologically 

sustainable management of commercial fisheries. Some funding has also been provided to 

support research on Threatened, Endangered and Protected Species and the performance 

assessment of Marine Protected Areas in commonwealth waters. Relatively little funding 

has been provide for research to support regional marine planning in the SWMR.  
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1.0 General Introduction 

The South-West Marine Region (SWMR) encompasses the area between Kangaroo Island in SA 

and Shark Bay in Western Australia (WA). The ‘South-West Marine Region (SWMR): Key Species 

Report’ identified small pelagic fishes as key species for the region and noted that large 

populations of several species occur off South Australia (SA). The present report builds on the 

‘South-West Marine Region (SWMR): Key Species Report’ and provides detailed information on the 

ecological importance of small pelagic fishes in waters off SA.  

 

Three distinct pelagic ecosystems occur off SA (Fig. 1): the gulfs, Spencer Gulf and Gulf St 

Vincent; the Flinders Current System, which comprises shelf waters of the Bonney Coast and 

eastern Great Australian Bight (GAB); and the western GAB. The two gulfs, and other inshore 

waters, are managed by the SA Government and are not directly relevant to the planning 

processes for the SWMR. Relatively little information is available on the small pelagic fishes of 

the western GAB. Hence, this report focuses mainly on the small pelagic fishes and large marine 

predators of the Flinders Current System. 

 

A diverse suite of small pelagic fishes occurs in the pelagic ecosystems off SA. Key species 

include sardine (pilchard, Sardinops sagax), Australian anchovy (Engraulis australis), sandy sprat 

(Hyperlophus vittatus), blue sprat (Spratelloides spp.), blue (slimey) mackerel (Scomber australasicus), 

redbait (Emmelichthys nitidus) and saury (Scomberesox saurus). Over the last decade significant 

biological and ecological information has been collected and published on the biology and 

ecology of sardine (Ward et al., 2001a, 2001b, 2003, 2006a, 2007; Rogers and Ward, 2007a; Ward 

and Staunton Smith, 2002), Australian anchovy (Dimmlich et al., 2004; Dimmilich and Ward, 

2006), sandy sprat (Rogers and Ward, 2007b), blue sprat (Rogers et al., 2003) and blue mackerel 

(Ward and Rogers, in press).  

 

Important populations of large pelagic predators also occur off SA, including marine mammals, 

such as blue whales and New Zealand fur seals; seabirds, such as short-tailed shearwaters, 

crested terns and little penguins, and predatory fishes, such as southern bluefin tuna (Ward et al., 

2005). Blue whales, short-tailed shearwaters and southern bluefin tuna make conspicuous 

migrations into the region during the upwelling season. Other species, including New Zealand 

fur seal, form colonies adjacent to areas of enhanced seasonal productivity, including Bonney 

Coast and eastern Great Australian Bight (Goldsworthy et al., 2003). All of these large pelagic 

predators are reliant on the presence of large quantities of small pelagic fish, crustaceans and 
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cephalopods, which are in turn dependent on the enhanced productivity that results from 

upwelling (Furness and Cooper, 1982). Since 2003, the biology and ecology of marine predators 

off SA has been studied intensively (Goldsworthy et al., 2003; Caines, 2005; Page et al., 2005; 

Einoder and Goldsworthy, 2005; Ward et al., 2005; Weibkin, 2005; Ward et al., 2006a; Roberts, 

2007; Baylis, et al. in press).  

 

This report assesses the ecological importance of small pelagic fishes in the ecosystems off SA. 

It mostly focuses mainly on Flinders Current System because this is ecosystem in the SWMR in 

which the largest populations of small pelagic fishes and large marine predators occur. The aim 

of this report is to assess the ecological importance of small pelagic fishes in waters off SA. To 

achieve this aim we: 

• describe the physical and biological characteristics of SA’s marine ecosystems (Section 2) 

• summarise available information on the distribution and abundance of pelagic fishes 

(Section 3); 

• present preliminary dietary and foraging data for key predatory species (Section 4; 

• provide preliminary results of a trophodynmaic modelling study (Section 5).  
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2.0 Physical and Biological characteristics of South Australia’s Marine Ecosystems 

2.1 The Ecosystems 

Spencer Gulf and Gulf St Vincent 

Spencer Gulf and Gulf St Vincent (Fig. 1) are both inverse estuaries with low to moderate wave 

energy and mean depths of ~20 m (Interim Marine and Coastal Regionalisation for Australia 

(IMCRA) Technical Group, 1998). Water temperatures to 30oC and salinities to 45 ppt are 

recorded in the shallow (<10 m) northern reaches of the gulfs during summer and autumn 

(Bruce and Short, 1990; IMCRA Technical Group, 1998). No major rivers feed into the gulfs, 

there is minimal nutrient enrichment and levels of primary and secondary production are 

relatively low. During summer and autumn, hydrographic frontal systems form at the entrances 

to the gulfs and in Investigator Strait that delineate gulf and shelf waters (Bruce and Short, 

1990). The two gulfs are considered to be ‘seasonally sub-tropical systems’ in an otherwise 

temperate region and support several marine taxa with tropical affinities (Rogers et al., 2003).  

 

Shelf waters of eastern GAB and the Bonney Coast 

Shelf waters of the eastern GAB and the Bonney Coast have oceanographic and ecological 

similarities to the eastern boundary current systems off the west coasts of northern and southern 

Africa and North and South America (Mann and Lazier, 1996). Southern Australia has the 

world’s only northern boundary current. The Flinders Current that flows westward along the 

shelf slope (Bye, 1972, 1983; Middleton and Cirano, 2002) and is analogous to the poleward 

undercurrents that flow over the shelf and/or shelf slope in the other ecosystems (Mann and 

Lazier, 1996). The Flinders Current and the regime of south-easterly winds that facilitate coastal 

upwelling during summer and autumn is comparable to the temporally variable longshore winds 

that drive surface flows offshore in the Canary, Benguela, California and Humbolt current 

systems (Mann and Lazier, 1996; Middleton, 2000; Middleton and Platov, 2003). Downwelling 

also occurs in the region and can be important for local scale ecological processes (Middleton 

and Bye, 2007).  

Western GAB 

The warm Leeuwin Current enters the western GAB (west of Head of Bight, Fig. 1) where sea 

surface temperatures in shelf waters can reach 23oC (IMCRA Technical Group, 1998). In 

conjunction with localized wind regimes this drives eastward currents of 20-30 cm.s-1 (Middleton 
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and Bye, 2007). This warm water of tropical origin intrudes into the relatively stable GAB warm 

pool (McClatchie et al., 2006) and provides an ecological linkage between the tropical pelagic 

ecosystems in the north-west of Australia and the cooler temperate systems to the south. This is 

reflected in the diversity of taxa with tropical affinities that are found in the GAB (Ward et al., 

2006b). Oceanographic conditions in the western GAB have been correlated with the presence 

of Australia’s southern bluefin tuna (SBT), Thunnus maccoyii fishery in this region. There is also 

preliminary evidence that significant resources of small pelagic fish occur in this region. 

Exploratory surveys identified the presence of substantial numbers of blue mackerel, Trachurus 

spp. and sardine eggs in this region in 2006 (Ward and Rogers 2008).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Locations and key regions mentioned in this report. Bathymetry sourced from GeoScience 

Australia. 
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2.2 Meteorological conditions and oceanographic features  

Oceanographic conditions play an important role in shaping the faunal compositions of marine 

regions. Small pelagic fishes dominate and are critical ecological components of the structure 

and function of upwelling systems. During summer and autumn small pelagic fishes aggregate to 

feed and spawn in regions with water temperatures and plankton concentrations which are 

suitable for the survival and growth of their eggs and larvae. Summer wind patterns that drive 

coastal upwelling off the SA coastline, along with frontal systems that form at the mouths of the 

two gulfs, are the drivers for pelagic productivity in this region (Middleton and Platov, 2003). 

 

Wind patterns and upwelling indices 

South-easterly winds that are favourable for upwelling dominate shelf waters of SA during 

summer and autumn (Middleton, 2000). For example, upwelling favourable winds comprise over 

50% of records from Neptune Island for the periods January–April and November–December 

in both 1999 and 2000 (Fig. 2). The seasonal trends in the upwelling index (UI) were similar in 

both years, with a positive UI (indicating upwelling) over the summer and negative UI 

(indicating downwelling) during winter (Fig. 3). The timing of the change in sign of UI differs 

between years, and occurred in April–May and September–October in 1999 and 2000. Intra-

annual variation in UI was higher in 2000 than 1999. The highest UIs were recorded during 

January and December 1999.  
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Figure 2. Proportion of 30 minute averaged wind records from Neptune Island during 1999 (shaded bars) 

and 2000 (solid bars) that favoured upwelling (i.e. were from directions between 45o and 225o). Data 

provided by the Bureau of Meteorology (Adelaide). 
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Figure 3. Mean upwelling indices for each month during 1999 (open diamonds) and 2000 (closed 

triangles) based on 30 minute averaged records of wind strength and direction from Neptune Island. 

Data provided by the Australian Bureau of Meteorology (Adelaide). 

 

Water temperatures 

Bottom water temperatures are generally lower off the Bonney Coast than in the eastern GAB 

(Middleton and Bye, 2007). For example, in 1999 and 2000 average monthly bottom water 

temperatures were generally lower at Robe than at Williams Island (Fig. 4). However, variations 

in mean monthly bottom water temperatures at the two locations were highly correlated (R2 = 

0.798). Although high UIs were also recorded during this period, and intra-annual variations in 

both UI and water temperatures were higher in 2000 than in 1999, mean monthly bottom 

temperatures were not correlated with monthly UIs at either location (Robe, R2 = 0.077; 

Williams Island, R2 = 0.002).  

 

SSTs in shelf waters of the eastern GAB are higher offshore than inshore during both winter 

and summer-autumn (Fig. 5), but narrower ranges of SST are recorded during winter (~14.5–

18.0oC) than summer-autumn (14.0–24.9oC). During winter, inshore waters are uniformly cool 

(~15–16ºC) and SST increases gradually with distance from shore whereas during summer-

autumn, patches of cool surface water (~15–17ºC) occur on the Bonney Coast, along the 

western Eyre Peninsula and near the western tip of Kangaroo Island (Fig. 5 and 7). Offshore 

waters are warmer during summer-autumn (19–23ºC) than during winter (~17ºC). SSTs during 

summer-autumn in offshore waters during 2000 were 1–2oC warmer than in 1999.  
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During winter, the water column is isothermal with the lowest water temperatures (~15ºC) 

recorded inshore. A strong thermocline is present during summer-autumn at depths of 30–60 m. 

The difference between surface and bottom temperatures can reach up to 7oC, and increases 

with water depth (Fig. 7). The thermocline is shallower inshore (~20 m) than offshore (~40 m), 

associated with a layer of cool (<15oC) bottom water at the offshore stations of transects 2 and 3 

located along the western Eyre Peninsula and transect 4 off the western tip of Kangaroo Island 

(Fig. 7).  
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Figure 4. Average monthly bottom temperatures in 1999 and 2000 at Robe (Bonney Coast) (solid 

diamonds), Williams Island (GAB) (solid triangles) and Flinders Island (GAB) (cross). 
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Figure 5. Contour plots of sea surface temperatures obtained from in situ measurements taken from the 

RV Ngerin during summer-autumn and winter in 1999 and 2000. 

19 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Sea surface temperature satellite image (AVHRR SST) during a summer-autumn upwelling 

event in waters off South Australia (courtesy CSIRO). Black line is 200 m contour. Blue areas near the 

coast indicate areas of upwelled water at the surface.  
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Figure 7. Cross-shelf temperature profiles at selected transects (1-5) in the GAB during summer-autumn 

and winter of 1999 and 2000.  
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2.3 Biological oceanography  

Small pelagic fish feed on phytoplankton and/or on zooplankton which inturn graze 

phytoplankton, and hence ‘repackage’ energy into units that can be consumed by higher trophic 

levels. Therefore to understand trophic interactions within these ecosystems it is essential to first 

understand the spatial and seasonal dynamics of the biological oceanography of the region. 

SARDI Aquatic Sciences has collected biological oceanography data (SST, salinity, surface Ch-a 

and zooplankton abundance) during annual sardine surveys between 1998 and 2007.  

 

Surface Chlorophyll-a (phytoplankton) 

Chlorophyll-a is a pigment found in all phytoplankton, which form a critical component of 

pelagic food webs. High concentrations of chlorophyll-a occur in the cool coastal waters south 

and west of the Eyre Peninsula and at the entrance of Spencer Gulf during summer-autumn 

(Fig. 8). In winter, chlorophyll-a concentrations are higher at inshore stations than those located 

offshore. 

 

Relative biomass of zooplankton 

During summer-autumn, sites with high levels of zooplankton biomass are located mainly in 

shelf waters south of the Eyre Peninsula, whereas sites with relatively high zooplankton density 

were sparsely scattered through the study area during winter (Fig. 10). Levels of zooplankton 

biomass are higher during summer-autumn than during winter.  
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Figure 8. Abundance of chlorophyll-a at sites in the GAB during summer-autumn and winter of 1999 and 

2000.  
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Figure 9. Maps of relative zooplankton biomass in the GAB during summer-autumn and winter of 1999 

and 2000. 
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3.0 Biology, distribution and abundance of small pelagic fishes of South Australia 

3.1 Current knowledge  

The assemblage of small pelagic fishes off SA include eleven key species belonging to six 

families, i.e. the Clupeidae, Engraulidae, Scombridae, Carangidae, Emmelichthyidae and 

Scomberesocidae. Members of family Clupeidae (herring-like fishes) are dominant, with five 

species occurring in the region. Small pelagic fish species found in SA include sardine (pilchard, 

Sardinops sagax), Australian anchovy (Engraulis australis), round herring (maray, Etrumeus teres), 

sandy sprat (Hyperlophus vittatus), blue sprat (Spratelloides spp.), jack mackerel (yellowtail scad) 

(Trachurus declivis and T. novaezelandiae), blue (slimey) mackerel (Scomber australasicus), redbait 

(Emmelichthys nitidus) and saury (Scomberesox saurus) (Fig. 1). 

 

Research on SA’s small pelagic fishes has been undertaken mainly in response to the need for 

assessment of commercially exploited species in State and Commonwealth waters (see appendix 

1. stock assessment reports 1998-2007 and spawning biomass report 1998-2007; McGarvey and 

Kinloch 2001). Several Ph.D. and Honours projects on small pelagic fishes have been conducted 

in partnerships between SARDI Aquatic Sciences, the University of Adelaide and Flinders 

University. Species that have been the focus of work, include sardine Sardinops sagax (e.g. Rogers 

and Ward, 2006; Ward et al., 2001a, 2001b, 2003, 2005, 2006a, 2007; Ward and Staunton Smith, 

2002), Australian anchovy Engraulis australis (Dimmlich et al., 2004; Dimmilich and Ward, 2007), 

and blue mackerel Scomber australasicus (Ward and Rogers, in press), and to a lesser extent, blue 

sprat Spratelloides robustus (Rogers et al., 2003) and sandy sprat Hyperlophus vittatus (Rogers and 

Ward, 2007).  

 

Since 1986, but especially since 1998, extensive ichthyoplankton and adult surveys have been 

conducted in shelf and gulf waters of SA (Fig. 11). The timing of surveys, number of stations 

sampled and orientation of transects where plankton samples were collected has varied between 

years. Survey results have primarily been used to assess the abundance and distribution of 

sardine (S. sagax), however significant information has also been collected on Australian anchovy 

(E. australis), blue sprat Spratelloides robustus and sandy sprat Hyperlophus vittatus. In recent years, 

information has also been collected for round herring (E. teres), jack mackerel (yellowtail scad) 

(T. declivis and T. novaezelandiae) and blue mackerel (S. australasicus). Significant gaps remain in our 

current knowledge of the fisheries biology and ecology of small pelagic fishes in SA (Table 1). 

The most substantial of these gaps are relation to population size (for species other than 
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sardine), recruitment variability, population demographics, fishing/natural mortality (all life 

history stages), stock structure and ecological roles (Table 1). Few data are available for redbait. 
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Figure 10. Small pelagic fish species found in SA waters. From top: (A) blue mackerel, (B) redbait, 

(C)(jack mackerel, round herring, sardine), (D) sardine and (E) sandy sprat (anchovy, blue sprat and saury 

not shown). 
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Table 1. Summary of status of the knowledge of small pelagic fishes found in South Australia (based on 
published and unpublished data). ELH = Early life history, D = Diet, RT = Recruitment, DH = 
Distribution and habitat, RPS = relationships with primary (phytoplankton) and secondary (zooplankton) 
production, FD = Fishery catch and effort data, FB = Fishery bycatch information, LF = Length 
frequency, AS = Age structure, GR = Growth rates, R = Reproductive information, M = Movement, SSt 
= Stock structure, SB = Spawning biomass, EE = Ecosystem effects of fishing, EI = Ecological 
importance. Key to colours in available data columns – Most necessary baseline data is available although 
some gaps still exist = White. Some biological and ecological data available in South Australia and other 
regions of southern Australia yet significant gaps still exist = Green. Minimal biological data is available 
for southern Australia or elsewhere = Grey.  

 

Species Family Available data Information gaps 
Sardine (pilchard) 
S. sagax Clupeidae 

ELH, DH, GR, FD, AS, LF, R, 
FB, SB,EI. 

RT, M, SSt, EE, D, 
RPS 

Australian 
anchovy 
E. australis Engraulidae ELH, DH, LF, GR AS,EI. 

SSt, FD, SB, RT, R, 
FB, EE, M, D, RPS

Round herring 
E. teres Clupeidae ELH, DH, R , GR, AS, LF,EI.  
Blue sprat 
S. robustus Clupeidae ELH, DH, GR, FD, AS, LF, R,EI 

RT, FD, M SSt, SB, 
EE,SB, RPS 

Sandy sprat 
H. vittatus Clupeidae ELH, DH, GR, FD,FB, AS, LF, R 

RT, M, SSt, EE, 
EI. RPS 

Blue mackerel 
S. australasicus Scombridae FD, LF, AS, GR 

ELH, RT, FB, R, 
M, SSt, SB, EE, EI. 
RPS 

Jack mackerel 
Trachurus spp. Carangidae ELH, DH, LF, AS, GR, FD, D 

RT, FB, R, M, SSt, 
SB, EE, EI, RPS 

Redbait 
E. nitidus Emmelichthyidae LF, AS, FD, DH, GR, R, D  
Saury 
S. saurus Scomberesocidae   

27 

 



 

 
  

Figure 11. Map shows the location of stations and transects in the SARDI Aquatic Sciences 

ichthyoplankton surveys conducted between 1998 and 2007. 
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3.2 Sardine S. sagax 

Australian sardine, S. sagax, is found throughout shelf waters of southern Australia and is the 

most well studied of Australia’s small pelagic fishes (Rogers and Ward, 2006). SA is the centre of 

the Australian distribution of S. sagax. Sardine is taken by the purse seine fishery in southern 

Spencer Gulf, Investigator Strait and in the eastern GAB (Fig. 12). 

 

The spawning season varies between locations, occurring during summer and autumn off SA 

(e.g. Ward et al., 2001a, 2003; Ward and Staunton-Smith, 2002). S. sagax spawn in the southern 

regions of both gulfs and throughout shelf waters, butt do not spawn extensively in inshore bays 

and inlets (Dimmlich et al., 2004; Dimmlich and Ward, 2006). Growth coefficients for adults 

suggest that growth rates in SA may be higher than those in oligotrophic waters in other parts of 

Australia and at the lower end of those recorded in the productive waters off southern California 

and South Africa (Rogers and Ward, 2007). Approximately 50% of males and females mature at 

~145 and 150 mm fork length (FL), respectively. During the spawning season, females spawn 

batches of approximately 10,000 to 26,000 eggs every five to ten days.  

 

Eggs and larvae can be collected during all months but peaks in abundance coincide with the 

upwelling season in summer-autumn (January-April). Eggs are distributed throughout shelf 

waters and in the lower parts of the two gulfs and are abundant in the eastern GAB, Investigator 

Strait and southern Spencer Gulf (Fig. 13).  

 

The Daily Egg Production Method (DEPM) has been used to estimate the spawning biomass of 

S. sagax in SA since 1995. The best estimate of spawning biomass in 1995 was 165,000 t, but this 

fell by over 70% to 37,000 t in 1996, following an unprecedented single species mass mortality 

event. Estimates of spawning biomass increased to reach 146,000 in 1998, but fell by over 70% 

to be ~36,000 t in early 1999, following a second mass mortality event. The estimate of 

spawning biomass for 2007 was 263,747 t. In the early years of the SASF, the Total Allowable 

Catch (TAC) for the following calendar year was set as a proportion of the spawning biomass 

(i.e. 10.0% to 17.5%, depending on the size of the spawning biomass). More recently, a 

conservative baseline TAC was set at 30,000 t which will be maintained as the effective TAC 

while the estimates of spawning biomass remains between 150,000 and 300,000, which 

corresponds to exploitation rates of 20% and 10%, respectively. 
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Figure 12. Spatial patterns of sardine catches in SA waters between 2001 and 2005 (A-E). Total annual 

catch in the SA sardine fishery between 1991 and 2005 is also presented (F). 
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Figure 13. Density of S. sagax eggs (number.m-2) at stations sampled off southern Australia between 2001 

and 2005. 
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3.3 Australian anchovy E. australis 

Australian anchovy, E. australis, is found throughout coastal waters of temperate and sub-tropical 

Australia (Kailola et al., 1993). Small fisheries have taken this species for many years in New 

South Wales (NSW), Victoria (VIC) and Western Australia (WA) (e.g. Kailola et al., 1993); no 

large fisheries specifically for E. australis have been established. The main spawning season 

occurs between spring and autumn in southern Queensland (QLD) (Ward et al., 2003), and off 

Victoria and SA (Hoedt and Dimmlich, 1995; Ward et al., 2001a; Dimmlich et al., 2004; Neira, 

2005). Off eastern Australia spawning appears to be confined mainly to shallow embayments, 

whereas off southern Australia significant spawning activity also occurs in shelf waters (Ward et 

al., 2003; Dimmlich et al., 2004). Anchovy spawn in gulf and shelf waters of SA and can utilise 

low and high temperature-salinity habitats, such as in the northern parts of the two gulfs (high 

SST-salinity) and in the upwelling regions in the eastern GAB (low SST-salinity). 

 

Direct ageing by otolith increment analysis, corroborated by length-based growth models and 

visual analysis of modal length progressions, suggests that E. australis in SA grow faster during 

their first year than other similar species, such as E. mordax and E. encrasicolus (Dimmlich and 

Ward, 2006). Only fish up to 1 year of age occur in northern Spencer Gulf and the southern gulf 

is inhabited by fish to 3 year olds. Older anchovy are found mainly in offshore shelf waters. This 

offshore movement with age that occurs in SA may enable anchovy to utilise the wide range of 

environments that provide suitable spawning and nursery areas for this species (Dimmlich and 

Ward, 2006). The peak spawning season of E. australis in SA coincides with the upwelling season 

when productivity is enhanced.  

 

Anchovy eggs are abundant throughout gulf and shelf waters, but the highest densities occurred 

in the northern parts of Spencer Gulf and Gulf St Vincent where SSTs are high (24°C–26°C). In 

contrast, larvae >10 mm TL are mainly in shelf waters near upwelling zones where SSTs were 

relatively low (<20°C) and levels of chlorophyll-a (Chl-a) relatively high (Fig. 14). Levels of 

survival may be higher in the upwelling zones than the northern gulfs (Dimmlich et al., 2004). 

The abundance of anchovy eggs and larvae in shelf waters increased when sardine abundance 

was reduced by large-scale mortality events, and decreased as sardine numbers subsequently 

recovered (Ward et al., 2001b). Anchovy may only be able to utilise upwelling zones effectively 

when the sardine population is low. At other times, northern gulf waters may provide a refuge 

for the anchovy that cannot be used by sardine.  
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Figure 14. Numbers of E. australis larvae of each size class (<5 mm, 5 mm – 10 mm, 10 mm – 15 mm, 

>15 mm) at each site during February-March surveys in 2000 and 2001. 
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3.4 Blue sprat S. robustus 

The life history of S. robustus is dissimilar to other small to medium sized temperate clupeoids, 

but similar to those of many small sub-tropical and tropical clupeoids, including other 

Spratelloides species (Rogers et al., 2003). Gulf St Vincent and Spencer Gulf may be considered to 

be “seasonally subtropical systems” in an otherwise temperate region, which support a suite of 

species, including S. robustus, that have life history strategies similar to those of sub-topical and 

tropical taxa. S. robustus reached 50% maturity at ~60 mm FL after ~135 days. Females spawn 

multiple batches of demersal eggs every 1–2 days. Batch fecundities are low (mean = 755.75, S.D 

= 341.48) and increased linearly with length and weight.  

 

Unlike the other small pelagic fishes considered in this report, Spratelloides have benthic eggs 

which are difficult to locate and sample. S. robustus spawn from October to February and larvae 

are found at very low densities in Spencer Gulf, Gulf St Vincent and Investigator Strait (Fig. 15). 

However, this species is also known to occur in inshore environments in the eastern GAB, 

including Streaky Bay and Denial Bay (Fig. 1). The oldest fish examined was 82 mm FL and 241 

days old, which suggests S. robustus may live for <1 year. Growth rates were high during larval 

stages (0.34 mm.day-1) and remained high throughout juvenile (0.33 mm.day-1) and adult stages 

(0.19 mm.day-1).  

 

 

 

 

 

 

 

Figure 15. Distribution and density of S. robustus larvae collected between November 1986 and March 

2000. Open circles represent stations at which no larvae were found. 
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3.5 Sandy sprat H. vittatus 

Sandy sprat or whitebait, H. vittatus is a small (100 mm, FL) species found in inshore waters of 

southern Australia. The average growth rate for larvae (20.1–27.6 mm, total length, TL) in the 

Coorong lagoon was 0.12 mm.day-1 and the oldest fish collected was ~4 years old (Rogers and 

Ward, 2007b). Males and females attain 50% sexual maturity at 59 and 58 mm, FL, respectively 

and all individuals are sexually mature at ≥75 mm TL, at ~1.5 years of age. The spawning season 

extends from October to February (spring and summer) and peaks during November. Mean egg 

densities are highest between September and November. Females produced batches of pelagic 

eggs at mean frequencies of 5 days and batch fecundities range between 743 and 5,600 hydrated 

oocytes.  

 

In SA, H. vittatus eggs are found in gulf waters (Fig. 16) and low densities of larvae have been 

found off south-eastern Kangaroo Island, however the broader spatial distribution of this 

species is poorly understood. Off WA this species is predominantly found close to shore 

(Gaughan et al., 1996). The life history of H. vittatus is similar to those of larger, iteroparous 

clupeoids that occur in southern temperate Australian waters, e.g. sardine S. sagax and Australian 

anchovy E. australis, and dissimilar to those of small tropical clupeoids and the sympatric blue 

sprat S. robustus, which is semelparous (Rogers and Ward, 2007b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Density of H. vittatus eggs collected during ichthyoplankton surveys in 1986, 1995 and 1996. 
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3.6 Maray E. teres 

Maray or round herring, E. teres, occurs throughout temperate and subtropical Australian waters 

from approximately Fraser Island (QLD) to Shark Bay (WA). However, E. teres does not appear 

to be highly abundant in any location and few data have been published on its biology in 

Australian waters. The otoliths are not suitable for ageing using normal approaches. Where 

biological and ecological data are available, the location and timing of spawning appear to 

coincide with those of S. sagax (Ward et al., 2003). Eggs occur at low densities throughout shelf 

waters of SA and distributions are highly variable between years (Fig. 17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Density of E. teres eggs (number.m-2) at stations sampled off SA between 2001 and 2005.
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3.7 Blue mackerel S. australasicus 

Blue mackerel S. australasicus occurs throughout the Pacific Ocean, including South-east 

Asia, Australasia, and New Zealand and in the northern Indian Ocean and Red Sea. In 

Australia it is found mainly in southern temperate and subtropical waters between 

southern QLD to WA (Ward et al., 2001). Juveniles and small adults usually occur in 

inshore waters and larger adults form schools in depths of 40–200 m across the 

continental shelf (Kailola et al., 1993). Until recently, there have been few studies of the 

biology and ecology of this species in Australian waters (Ward and Rogers, in press). 

 

Like many other pelagic fishes, it is challenging to age S. australasicus using standard 

approaches, as the majority of otoliths are difficult to read, and these difficulties increase 

as fish age increases (Ward and Rogers, in press). Growth rates and trajectories of males 

and females from waters off SA are similar. Both sexes grow rapidly during the first 2 

years of life, and reach ~250 mm after ~2 years.  

 

Approximately 50% of males and females are sexually mature at 237and 287 mm FL, 

respectively. Mean spawning frequencies range from 2 to 11 days in southern Australia. 

Mean batch fecundity is ~70,000 oocytes per batch and 134 oocytes per g of weight. 

Fecundity increases exponentially with fish length and weight.  

 

Most of the eggs collected off southern Australia have been obtained from stations 

located over the mid-shelf (Fig 18). High egg and larval densities are recorded at stations 

located in depths of 40–120 m with SSTs of 18–22oC. The location of spawning off 

southern Australia appears to vary substantially between years. Results of an exploratory 

survey suggest that the western GAB is an important spawning area, however this region 

has not yet been sampled intensively and inter-annual variation there is poorly resolved. 

 

37 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 18. Distribution and abundance of S. australasicus eggs in samples taken from southern 

Australia between 2001 and 2005 and the western GAB in 2006. Circles and triangles represent 

samples collected with CalVET and Bongo net, respectively. 
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3.8 Jack mackerel T. declivis and yellowtail scad T. novaezelandiae 

Jack mackerel T. declivis and yellowtail scad, T. novaezelandiae both occur throughout 

temperate and sub-tropical Australian waters. The eggs and larvae of these two species 

are difficult to distinguish on the basis of morphological characteristics alone and were 

not differentiated during a recent study (Ward and Rogers, in press). However, T. declivis 

appears to be more abundant off Victoria and eastern Australia and in the GAB, 

whereas T. novaezelandiae is thought to be most abundant off NSW (Kailola et al. 1993). 

Adult reproductive data suggest that T. declivis spawns during summer in the GAB 

(Stevens et al. 1984). Substantial quantities of Trachurus eggs were found during a recent 

exploratory survey in the western GAB in 2006 (Fig. 19), whereas densities in the 

eastern GAB were relatively low between 2003 and 2005. 

 

 

 

 

 

 

 

 

 

 

Figure 19. Density of Trachurus spp. eggs (number.m-2) at stations sampled off southern Australia 

between 2003 and 2006. Circles and triangles represent samples collected with the CalVET and 

Bongo nets, respectively. 
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4.0. Diets of Small Pelagic Fishes 

4.1 Background  

This section provides a summary of a recently completed Honours project that 

quantified the trophic role of small pelagic fishes in this region, examined the diets of 

sardine (S.  sagax), anchovy (E. australis), blue mackerel (S.australasicus), jack mackerel (T. 

declivis), maray  (E. teres) and redbait (E. nitidus) at locations in Spencer Gulf and the 

eastern GAB (Fig. 10). Stomach contents were collected from 370 individuals from 

which 14 prey taxa groups were identified (Daly, 2007).  

 

4.2 Morphological identification of stomach contents  

Crustaceans, principally Australian krill (Nyctiphanes australis), were the most common 

prey item (24-70%), but other crustaceans and fish larvae were also regularly found in 

stomachs. This study indicated that three trophic guilds characterised the small pelagic 

fish community of the eastern GAB. The first guild included anchovy, blue mackerel 

and jack mackerel, which predominantly consumed crustaceans and larval fish. Sardine 

and redbait comprised the second guild, and preyed mostly on crustaceans and plant 

material. Maray was the sole member of the third guild and preyed principally on krill. 

Results from this study will be integrated in the trophodynamic model being developed 

for the eastern GAB and the SASF. 

 

Of 579 stomachs of small pelagic fishes examined, 370 contained prey, which were 

summarised into 14 prey taxa groups (Table 2). Australian krill (N. australis) was the 

most important prey group for percent biomass (BM), frequency of occurrence (FOO) 

and numerical abundance (NA). More than 65 % of maray stomachs examined 

comprised krill. Anchovy, blue mackerel and jack mackerel utilised more fish larvae than 

krill and sardine mostly preyed on krill and other crustaceans. The major components of 

the diets of small pelagic fish groups and the significant differences between these 

predators are outlined below. 
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Figure 20. Map of study region showing locations where samples were collected for dietary 

analysis. 

4.3 Sardine 

A total of 272 sardines were examined and 228 stomachs contained prey remains (Table 

2). In total, 12 prey taxa were present with krill (29.6% BM) and unidentified crustacean 

(22.2 % BM) contributing the highest biomass. Krill occurred in greater numbers (65.3% 

NA) than crustacean (27.0% NA) and crab zoea, decapods, copepods and polychaetes 

were identified, but contributed < 0.5% of total prey biomass. Fish eggs (8.8% FOO) 

occurred more than fish larvae (0.3% FOO), but overall, fish contributed <10% of the 

total prey biomass. Plant material contributed the third highest biomass (15.7% BM) but 

had the lowest numerical abundance (0.2% NA) and frequency of occurrence (0.3% 

FOO). Salps (Thetys spp.) (8.4% BM) and ostracods (Loxoconcha spp.) (9.4% BM) had 

substantial biomass contributions but low numerical abundance (2.9% and 1.1%, 

respectively) (Table 3).  

 

4.4 Anchovy 

Of the 23 anchovy stomachs examined, 17 stomachs contained prey (Table 2). Of the 5 

prey taxa identified, krill (32.9% BM) and fish larvae (33.3% BM) were the most 

abundant (Table 2). Krill had a greater numerical abundance and frequency of 

occurrence compared to fish larvae (krill- 46% NA, 6.7% FOO, fish larvae- 29.2% NA 
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& 4.2% FOO). Unidentified crustaceans (22.4% BM) and parasites (Digenium spp.) 

(11.3% BM) also contributed to the diet (Table 2).  

4.5 Blue Mackerel 

Of the 18 blue mackerel examined, 17 stomachs contained prey remains. Fish larvae 

(33.3% BM) and krill (30.1% BM) were present in similar proportions (Table 2). Fish 

larvae (≤15 mm) contributed 100% of stomach contents for 3 samples of blue mackerel. 

Fish larvae could not be identified to species but otoliths recovered were identified as a 

clupeoid species. Krill were found in more stomachs (47.8% FOO) and in greater 

numbers (62% NA) than fish larvae (13.0% FOO) and (19% NA). Unidentified 

crustaceans (20% BM), plant material (8.5% BM) and pteropod shells (6.4%) were also 

found. 

4.6 Jack Mackerel 

Of the 60 jack mackerel examined, 41 stomachs contained prey remains (Table 2). Of 

these, 41 (68%) contained prey remains from 9 taxa. Krill (24.8% BM) and fish larvae 

(25.5% BM) contributed the highest percent prey biomass to diets. Jack mackerel had 

similar quantities of unidentified crustaceans (14.6%), salps (14%) and polychaetes 

(15.1%), yet salps only occurred in a few samples (1.8% FOO) and (1.3% NA) (Table 3).  

 

4.7 Maray 

Of the 70 maray examined only 12 stomachs contained prey items. Five prey taxa were 

identified and krill comprised 69.4% of the total biomass and 92.7% by number (Table 

2). Unidentified crustaceans (10.0 % BM), fish larvae (12.3 % BM), crab zoea (5.8 % 

BM) and fish eggs (2.4 % BM) were also present in stomachs.  

 

4.8 Redbait 

Of the 136 redbait examined, 55 stomachs contained prey remains, which comprised 11 

taxa (Table 2). Krill was the most important prey (35.5 % BM, 30.4 % FOO and 55.9 % 

NA). Unidentified crustaceans (20.7 % BM) and pteropod shells (13.9 % BM) were also 

common prey taxa and other prey comprised of decapods, copepods, fish eggs, salps, 

digenia, plant material, echinoderms and polychaetes (Table 2). 



43 

 

Table 2. Percentage prey biomass (BM), frequency of occurrence (FOO) and numerical abundance (NA) for 14 prey groups consumed by small pelagic fish 
species. The numbers in parentheses indicate 1) total number of individuals, 2) number of individuals with stomach contents, 3) total mass of identified prey (g), 4) 
total gut mass (g) and 5) total mass of unidentified remains). “A dash (-)” indicates that the prey group was comprised < 0.1 %. Prey groups are summarised into 3 
major groups: crustacean, fish and other prey, which are highlighted in bold. 
 
                                         
  Sardine  Anchovy  Blue mackerel  Jack mackerel  Maray  Redbait 
 (272/228/235.1/242.6/7.5) (23/17/13.7/14.3/0.6)  (18/17/54.9/55.1/0.2)  (60/41/67.3/67.5/0.2)  (70/12/2.5/2.6/0.1)  (136/55/12.3/13.3/1) 
PREY TYPE BM FOO NA BM FOO NA BM FOO NA BM FOO NA BM FOO NA BM FOO NA 
CRUSTACEAN 52.3 72.6 92.3 55.3 66.7 86 50.1 65.2 77 42.1 78.6 84.3 85.3 86.4 98.1 60.2 55.4 76.6 
Krill 29.6 45.0 65.3 32.9 29.2 46 30.1 47.8 62 24.8 55.4 72.7 69.4 54.5 92.7 35.5 30.4 55.9 
Unidentified Crustacean 22.2 24.7 27.0 22.4 37.5 40 20 17.4 15 14.6 14.3 11.0 10.1 9.1 2.2 20.7 18.8 20.0 
Crab Zoea 0.1 0.9 - - - - - - - 2.2 5.4 0.6 5.8 22.7 3.2 - - - 
Decapod 0.1 0.9 - - - - - - - 0.3 1.8 - - - - 0.5 2.7 0.1 
Copepod 0.3 1.2 - - - - - - - 0.2 1.8 - - - - 3.5 3.6 0.6 
FISH 5.1 9.2 1.6 33.4 20.8 6.8 33.3 13.1 19 25.5 1.8 2.4 14.7 13.6 1.9 1.5 5.4 0.4 
Fish Larvae 1.4 0.4 - 33.3 4.2 6.7 33.3 13.1 19 25.5 1.8 2.4 12.3 4.5 1.4 - - - 
Fish Eggs 3.7 8.8 1.6 0.1 16.7 0.1 - - - - - - 2.4 9.1 0.5 1.5 5.4 0.4 
OTHER 42.6 18.2 6.1 11.3 12.5 7.2 16.6 21.7 4 32.4 19.6 13.3 0 0.0 0.0 38.3 39.2 23.0 
Salp 8.4 7.1 2.9 - - - 1.7 8.7 0.6 14 1.8 1.3 - - - 3.8 5.4 1.1 
Digenium 4.9 5.6 1.4 11.3 12.5 7.2 - - - - - - - - - 0.3 0.9 - 
Plant Material 15.7 0.3 0.2 - - - 8.5 4.3 1.2 - - - - - - 9.3 3.6 1.7 
Pteropod shell 4.2 2.4 0.5 - - - 6.4 8.7 2.2 3.3 3.6 0.6 - - - 13.9 26.6 19.3 
Echinodermata - - - - - - - - - - - - - - - 2.7 0.9 0.1 
Ostracoda 9.4 2.4 1.1 - - - - - - - - - - - - - - - 
Polychaete - 0.6 - - - - - - - 15.1 14.3 11.4 - - - 8.3 1.8 0.8 
                   



4.9 Guild structure among small pelagic fishes   

Based on 60 % similarity in the diets among small pelagic species, three distinct dietary guilds were 

identified (Fig. 11). Guild One was broadly characterised as crustacean and larval fish predator, Guild 

Two as crustacean and other species (plant and ostracods), and Guild Three as crustacean (krill) 

predators (Table 2 and Figure 21). The characteristics of each guild are detailed below: 

 

 

 

Figure 21. Bray-Curtis similarity dendrogram of the diets of six small pelagic fish species based on proportional 

percentage biomass contribution of 14 prey taxa grouped into 3 similarity guilds at 65%. The prey species that 

were responsible for large differences between guilds are indicated. 
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5.0 Distribution, diets and foraging patterns of key predators 

5.1 Background 

Information on the diets and foraging patterns of key pelagic predators has been collected in South 

Australian shelf and gulf waters by the Pelagic Ecology and Pelagic Fishes SubPrograms at SARDI 

Aquatic Sciences since 1999. PhD and Honours student projects have contributed significantly to the 

information provided in this section which is incorporated in the food web from the trophodynamic 

model that is currently being developed (Section 6). 

 

In the past decade, the Commonwealth legislation and policies have provided the impetus for the 

development of an ecosystem-based approach to fisheries assessment and management. This has led 

to the development of a large scale project to assess the need for an ecosystem allocation for the SA 

Sardine Fishery (SASF). This has involved investigations of the diets of key pelagic predators, 

including juvenile southern bluefin tuna (SBT) (Thunnus maccoyii), Western Australian salmon (Arripis 

truttacea), little penguins (Eudyptula minor), shearwaters (Puffinis spp.), Australasian gannets (Morus 

serrator), terns (Sterna spp.), Australian sea lions (Neophoca cinerea), New Zealand fur seals (Arctocephalus 

forsteri), Australian fur seals (Arctocephalus pusillus doriferus) and some shark species, including bronze 

whalers (Carcharhinus brachyurus), thresher shark (Alopias vulpinus) and hammerheads (Sphyrna zygaena) 

and the development of a preliminary trophodynamic model for the eastern GAB. This work has also 

been supported by several Ph.D. and Honours projects at the University of Adelaide. The completion 

of FRDC project (2005/031) in 2008 will enhance current knowledge of the ecological importance of 

small pelagic fishes and foraging strategies of key predators in this region. Outcomes of this project 

will also assist future marine planning of the SWMR. 

 

5.2 Southern Bluefin Tuna Thunnus maccoyii 

Southern bluefin tuna (SBT), T. maccoyii occur in waters of the southern hemisphere between 30°S and 

50°S, to nearly 60°S. It can reach up to 2.5 m in length and 400 kg in weight. It is currently classified as 

Critically Endangered (IUCN Redlist). Juvenile SBT aggregate in the GAB during each summer and 

autumn (Gunn and Young 1996; Young et al. 1996, 1997) and achieve >80% of their annual growth 

during this 3-4 month period (Hearn 1986; Young et al. 1999). Kloser et al. (1998) hypothesised that 

these juvenile may use the warm waters of the central GAB as a thermal refuge from which to forage.  

 

The locations where SBT have been collected for dietary analysis and patterns of SBT fishery catches 

are shown in figure 22. Juvenile SBT sampled during feeding studies (n = 41) ranged from 59 to 104 

cm FL with a mean of 83 cm FL (+ 2 SE). Sardine and anchovy occurred in 36.6% and 19.5% of 
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stomachs examined, respectively; 51.2% of the stomachs contained at least one of these species (Table 

3). Sardine comprised 51.8% by weight of the identifiable gut contents, and 30.8% by weight of all the 

gut contents (Table 3). Blue mackerel, arrow squid, jack mackerel, trevalla, skipjack trevally, and 

leatherjackets occurred in <10% of stomachs examined (Table 3). Although blue mackerel was found 

in the stomachs of only four individuals, this species is larger than many of the other prey items and 

comprised 30.2% by weight of the identifiable gut contents.  

 
Table 3. Food items in the stomachs of southern bluefin tuna collected in waters of the GAB in 1999 and 2000. 
n = number of stomachs containing each prey species; %Wt = total weight of prey species (Wt)/total weight of 
identified prey species. 
 

Taxa n % n Wt (g) % Wt.  

Sardine S. sagax 15 36.6 633.0 50.0 
Anchovy E. australis 8 19.5 106.7 8.4 
Saury S. saurus 2 4.9 45.1 3.6 
Blue mackerel S. australasicus 4 9.8 369.3 29.2 
Arrow squid spp. 3 7.3 34.3 2.7 
Jack mackerel Trachurus spp. 1 2.4 11.9 0.9 
Spotted trevalla S. punctata 1 2.4 64 5.1 
Skipjack trevally P. wrighti 1 2.4 1.4 0.1 
Leatherjacket Meuschenia spp. 1 2.4 1.0 0.1 
Unidentified 33 80.0 836.7  

Total 41  2103.42 100.0 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. Distribution of commercial catches in 6 x 6 nautical mile grid squares and locations where juvenile 

SBT were collected for dietary studies (open triangles).  
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5.2 Other large pelagic fishes 

Of 818 stomachs examined during a recent Honours study of the diets of pelagic fishes, 386 contained 

prey remains, which represented 32 separate taxa (Caines, 2005). Samples were collected from 

commercial catches and by fishery independent sampling at locations in Spencer Gulf, Investigator 

Strait and the GAB. Fishes were the most important prey group, with the exception of for barracouta 

(Thyrsites atun) and swallowtail (Centroberyx lineatus), which feed in the surface layer at night (Table 5). 

Barracouta consumed slightly more cephalopods than fishes. Cephalopods were the next most 

important prey group with biomass mainly comprised of arrow squid (Nototodarus gouldi). 

 

A total of 195 tuna (southern bluefin T. maccoyii, albacore T. alalunga, Australian bonito Sarda australis 

and skipjack Katsuwonus pelamis) were sampled using deep diving lures in the eastern GAB between 

1999 and 2005. Of these, 179 contained prey remains, comprising 1,190 individual prey items from 17 

taxa. Fishes comprised 82.2% of the diet and cephalopods made up ~17.5% (Table 4). Sardine was the 

most important prey species (37.1%), occurring in 29.5% of stomachs examined (Table 4). 

 

A total of 439 stomachs from Western Australian salmon (Arripis truttacea) were examined. Only 74 

(18%) contained prey remains. Fish was the most important prey group, and contributed 99.4% to 

prey biomass. Cephalopods contributed 0.6% of prey biomass. The most important fish prey by 

biomass were redbait (28.5%) and anchovy (17.1%).  

 

A total of 42 stomachs from yellowtail kingfish Seriola lalandi were examined. Of these, 33 (78.6%) 

contained a combined total of 880 individual prey items, which represented 11 different taxa. Fish 

(50.8%) and cephalopod (45.8%) were important prey with krill making up the remaining 3.4%.  

 

Of the 33 barracouta captured, 24 (72.7%) contained the remains of 53 individual prey, which 

represented seven taxa. Fish were more important prey items than cephalopods and arrow squid 

contributed the entire cephalopod component. (Table 4). Krill were present in small numbers.  

 

One sample of 23 snook Sphyraena novaehollandiae was collected from Althorpe Island. Prey items were 

found in 19 fish and 8 different prey taxa were represented. In total, 29 prey items were recovered. The 

most important prey group was fish, which comprised 92.6% of the total prey biomass. Cephalopods 

comprised 7.2% of total biomass. 

 



Table 4. Percentage prey biomass for 24 prey groups of 7 pelagic predators. The prey groups are summarised to 3 major prey groups: fishes, cephalopods, and other prey 
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Fis
Pilc
Anc
Trachur
Redbai
Swa
Saur
Blu
Tommy
Blue m
Silv
Silv
Spe
Slender
Com
Gar
Silv
Labr
Mar

Cephal
Arr
Sep

Other
Mant
Cra
Aus
Copepo

TO

PREY TYPE
Biomass 

(%)
Biomass 

(g)
Biomass 

(%)
Biomass 

(g)
Biomass 

(%)
Biomass 

(g)
Biomass   

(%)
Biomass 

(g)
Biomass 

(%)
Biomass 

(g)
Biomass 

(%)
Biomass 

(g)
Biomass   

(%)
Biomass 

(g)
h 82.2 9010.2 50.8 2256.1 99.4 710.4 43.5 187.7 92.6 142.3 100 196.1 - -
hard 37.1 4043.1 2.3 102.4 9.4 71.9 2.7 11.9 18.8 28.8 100 196.1 - -
hovy 18.2 1992.6 - - 17.1 145.3 3.8 16.3 13.9 21.3 - - - -

us  sp. 17.2 1882.6 8.5 377.8 - - 1.1 4.9 - - - - - -
t 9.0 986.9 12.3 546.2 28.5 199.1 29.2 125.8 - - - - - -

llowtail 0.3 35.9 1.1 50.0 - - - - - - - - - -
y 0.2 21.5 - - - - - - - - - - - -

e sprat 0.1 7.9 - - - - - - - - - - - -
 rough 0.1 6.2 0.9 38.4 5.8 25.1 - - - - - - - -
ackerel - 3.9 3.6 158.4 - - 6.7 28.9 - - - - - -

er fish - - - - 5.6 48 - - - - - - - -
er trevally - - 20.5 911.7 - - - - - - - - - -
cies C - - 1.6 71.2 - - - - - - - - - -

 bullseye - - - - 7.8 67.9 - - 51.8 79.7 - - - -
mon bullseye - - - - 3.6 31.3 - - - - - - - -

fish - - - - 11.3 65.7 - - - - - - - -
erbelly - - - - 2.8 12 - - - - - - - -
idae - - - - 7.6 44.1 - - - - - - - -
ay - - - - - - - - 8.1 12.5 - - - -

opods 17.5 1917.0 45.8 2031.5 0.6 2.6 56.5 244 7.2 11.1 - - - -
ow squid 17.4 1906.5 44.7 1982.4 0.6 2.6 56.5 244 7.2 11.1 - - - -
ia  sp. 0.1 10.5 1.1 49.1 - - - - - - - - - -

0.3 29.7 3.4 150.2 - - - - 0.2 0.2 - - 100 20
is shrimp 0.3 29.7 - - - - - - - - - - - -

b zoe - - - - - - - - - - - - - -
tralian krill - - 3.4 150.2 - - - - 0.1 0.1 - - 85 17

ds - - - - - - - - 0.1 0.1 - - 15 3

TAL 100 10956.9 100 447.8 100 713 100 431.7 100 153.6 100 196.1 100 20

SWALLOWTAILBARRACOUTATUNA KINGFISH SALMON SNOOK BONITO



5.3 Arrow squid Nototodarus gouldi 

From the stomach contents of 164 arrow squid sampled from the eastern GAB, 23 prey taxa 

were identified in the diet (Roberts, 2007). At a broad scale, fish were dominant by biomass at 

40.8% (33.3% FOO, frequency of occurrence). The most important prey of arrow squid in this 

region was krill (24.7%, 22.3%), unidentified fish (22%, 17.3%), unidentified cephalopod (11.8%, 

7.9%), jack mackerel (6.3%, 4.3%), nereid polychaetes (5.1%, 15.4%), arrow squid (4.9%, 5.7%), 

sardine (4.2%, 3.2%), unidentified crustacean (4.2%, 3.6%) and amphipod (4.1%, 7.5%). 

 

Nineteen prey taxa were identified from the stomachs of arrow squid from the western GAB, of 

which fish (46.7%, 44.0%), cephalopods (34.4%, 35.1%) and crustaceans (18.3%, 18.7%) were 

dominant. The most common prey were unidentified fish (28.1%, 22.0%), cephalopods (22.0%, 

20.8%), crustaceans (10.1%, 12.1%), krill (8.2%, 6.6%), arrow squid (6.5%, 8.8%), anchovy 

(4.8%, 3.3%), maray (4.8%, 6.6%) and ommastrephids (4.5%, 3.3%). 

 

5.4 New Zealand fur seal Arctocephalus forsteri 

New Zealand fur seals (NZFS), A. forsteri consume the greatest biomass of pelagic resources of 

all marine mammal and seabird species that breed on the islands and along the coast in the GAB 

(Goldsworthy et al. 2003). A. forsteri are abundant in SA waters with >17,600 pups produced 

over the 2005/06 breeding season (Goldsworthy et al. unpublished data, Shaughnessy 2006), 

representing ~84% of Australia’s total NZFS population. The majority of NZFS breeding 

populations off SA are found on Liguanea, Neptune Islands and Kangaroo Island. Collectively, 

these islands account for 86% of Australia’s pup production. NZFS are present year round and 

feed predominantly on pelagic fish and squids (Page et al. 2005). NZFS feed on other key 

predators of small pelagic fishes including arrow squids and little penguins. If current estimates 

of population growth are sustained, the NZFS population in SA may double within the next 10–

15 years. Upwelling appears to affect the foraging patterns of this species and seals from 

Kangaroo Island forage mainly on the shelf during the summer-autumn upwelling season (Fig. 

13) and up to 500 km offshore during winter (Fig. 14) when upwelling is not occurring (A. 

Bayliss, unpublished data)(Page, et al. 2006). 
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Figure 23. The autumn meta-home range of female NZFS from four breeding colonies in SA, Cape 

Gantheaume (CG), Cape du Couedic (DC), North Neptune Island (NN), and Liguanea Island (LIG), and 

the average location of the 14 ºC isotherm calculated for April.  
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Figure 24. The winter meta-home range of female NZFS from Cape du Couedic (DC) and Liguanea 

Island (LIG), and the average location of the 14 ºC isotherm in June/July. 
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5.5 Crested terns Sterna bergii 

Crested terns, Sterna bergii have an extensive global range and form breeding colonies in tropical 

and subtropical coastal areas and on islands between South Africa and the western Pacific 

region. In South Africa, the number of breeding pairs of crested tern within colonies was related 

to the combined biomass of anchovy and sardine (Crawford et al., 2003). In Victoria, up to 88% 

of the diet of crested tern chicks is comprised of anchovy (E. australis), jack mackerel (T. declivus) 

and barracouta (Thyrites atun) (Chiaradia et al., 2002).  

 

More than 30 colonies comprising between 13,000 and 25,000 breeding pairs occur in SA 

(Copley, 1996) and at least 19 breeding colonies are located within Spencer Gulf and Gulf St 

Vincent. Recent population estimates in SA suggest there were between 2,500 and 3,500 

breeding pairs at Troubridge Island in 2004/05 and 2005/06 and up to 5,000 pairs in 2006/07(L. 

McLeay, unpublished data). At Goose Island in Spencer Gulf there were between 1,500 and 

2,500 breeding pairs in 2005/06, however for the first time in 20 years no breeding occurred at 

Goose Island in 2006/07. Between 500 and 1,500 breeding pairs were counted at Daly Head 

Island in the 2004/05 season.  

 

A total of 20 prey species groups were identified from 442 observations of prey delivery to 

chicks at Troubridge Island in 2005/06. S. sagax, E. australis and S. robustus comprised 34% of all 

observations. Leatherjackets (Monocanthidae) and barracouta represented 17.9% and 13.1%, 

respectively. A total of 31 species groups comprising 601 individuals were identified from 

regurgitations of adults. A total of 31 species groups comprising 573 individuals were identified 

from regurgitations of chicks.  

 

Data for the top ten taxa present in diet samples of chicks and adults are presented in Table 5. S. 

sagax, E. australis and S. robustus comprised ~50% of individual prey items present in chick and 

adult diet samples combined. Degen’s leatherjackets Thamnaconus degeni comprise nearly 30% of 

all individuals found in adult diet samples. E. australis was more prevalent in the diet of chicks 

than those of adults (30% v 10%). S. sagax comprised ~10% of individual prey in diet samples 

collected from both chicks and adults (L. McLeay, unpublished data). 

53 

 



Table 5.  Percent occurrence of different prey types fed to crested tern chicks at Troubridge Island in 
2005/06. 

Prey spp N observations % occurrence N observations % occurrence
Degen's leatherjacket (Thamnaconus degeni ) 170 28.3 22 3.8
Unidentified Clupeoids 168 28.0 86 15.0
Engraulis australis 62 10.3 174 30.4
Sardinops sagax 54 9.0 62 10.8
Insects 26 4.3 0 0.0
Hyporhamphus melanochir 23 3.8 17 3.0
Family Monocanthidae 21 3.5 18 3.1
Parapriacanthus elongatus 14 2.3 0 0.0
Unidentified fish 14 2.3 32 5.6
Thyrsites atun 14 2.3 46 8.0
Spratelloides robustus 0 0 27 4.7
Arripis georgianus 0 0 35 6.1

N 566 519

ADULTS CHICKS 
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5.6 Little penguins Eudyptula minor 

Little penguins E. minor feed on sardines anchovies and sprats in Victoria and Tasmania 

(Montague and Cullen, 1988; Dann et al., 2000; Chiaradia et al., 2003). Little penguins mostly 

consumed anchovies and sardines until the mid 1980s (Montague and Cullen, 1988; Cullen et. 

al., 1992) when bait fishing increased in the region. Sardine mass mortalities in 1995 and 1998 

(Ward et al., 2001b) coincided with further reduction of these prey species in the diets of these 

populations (Dann et al., 2000), which affected breeding success. The little penguin population 

in SA represents a mid to high-level predator of small pelagic fish in the eastern GAB and 

southern gulf waters.  

 

Penguins from six colonies across the eastern GAB and gulfs (Troubridge, Reevesby, Olive, 

Franklin, Greenly and Pearson Islands) prey on anchovy, sardine, blue sprat, saury, bullseye, blue 

mackerel, redbait, silver belly, sand trevally and arrow squid. Species including leatherjackets, 

garfish, pipefish were also taken in sea-grass habitats. Diets varied between region and season 

but anchovies (80–100 mm) were the dominant prey consumed at all colonies (Fig. 15) especially 

during the winter breeding season. Some colonies, such as Franklin Island in the Nuyts 

Archipelago almost exclusively consumed anchovies (>95% of the diet by weight). Juvenile 

sardines ranging in size from 50–80 mm were also common at all colonies especially throughout 

winter. Conversely, squid only equated to <1% of penguin diet biomass. 

 

Little penguins from different colonies display significant variation in foraging distances and trip 

durations during the breeding season (Fig. 16) (Wiebkin, 2005). For example, birds from Pearson 

Island foraged across a wide area of up to 100 km from the colony and mostly towards 

shallower water, in an easterly direction, whereas birds from Reevesby Island, most foraged 35–

40 km from the colony. By comparison, there was a very localised foraging area of only 5–10 km 

around the Troubridge Island colony. Birds from the Pearson and Troubridge Island colonies 

were tracked during 2004 and 2005 and showed minimal inter-annual variation in foraging 

distance. This supports the suggestion that these areas hold reliable food sources during the 

breeding seasons. Pearson Island foraging trips ranged from 1-12 days at sea with 17.2% of trips 

longer than 2 days. Troubridge Island birds generally only spent 1 day at sea with only 2% of 

trips longer than 2 days duration. 
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Figure 25. Percentage of anchovy and sardine in the diet of little penguins at Troubridge Island.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26. Proportional time spent foraging in areas of 1 x 1 km grids by breeding little penguins from 

Pearson (n=11), Reevesby (n=5) and Troubridge Island (n=24) colonies in winter 2004. Proportional 

time spent in each grid is indicated by colour where blue indicates <1%, yellow <2%, green <3% and red 

<4%.  

56 

 



5.7 Short-tailed shearwater Pufinus tenuirostris 

The short-tailed shearwater (STSW) Pufinus tenuirostris represent ~60% of the seabird community 

present in SA during summer. There are 33 offshore island colonies that support an estimated 

800,750–900,750 breeding pairs (Copley, 1996). During the 90 day chick rearing period, each 

adult shearwater conducts both single day short duration and long duration foraging trips. 

Satellite tracking shows that adults forage over neritic waters during the short foraging trips and 

along frontal zones in the Southern Ocean during long trips (Fig. 17)(Einoder and Goldsworthy 

2005). A preliminary assessment of broad prey types in meals delivered after short duration trips 

throughout the chick-rearing period indicates that 65% were fish, 30% were krill, and 5% were 

squid. These preliminary results reflect the broad prey groups documented by dietary studies in 

other parts of the broad distribution of this species (Montague et al., 1986; Skira, 1986; 

Weimerskirch and Cherel, 1998). 

         

 

 

Figure 27. The at-sea movements of satellite tracked short-tailed shearwaters undertaking foraging trips 

from Althorpe Island. in: a.) February 2005 (n = 6); b.) February 2006 (n = 27); c.) and February 2007 (n 

= 6). Points represent the output of the time-track program giving a location every 15 minutes. 

57 

 



5.8 Pelagic sharks 

There is a general lack of information on the roles of sharks in pelagic ecosystems due to the 

difficulties associated with studying these large and scarce apex predators. This is especially true 

in SA waters where only limited, unpublished dietary information collected by SARDI Aquatic 

Sciences during observer programs is available for some species including bronze whaler 

Carcharhinus brachyurus, thresher shark Alopias vulpinus and smooth hammerhead Sphyrna zygaena. 

 

Bronze whaler Carcharhinus brachyurus 

Thirty seven bronze whaler C. brachyurus stomachs from GAB waters were examined for dietary 

analysis with 30 stomachs (81.1%) containing prey items (Table 3). A total of 271 prey items 

were found. Sardine were the most consumed prey (91.0%). Bronze whaler sharks were also 

found to prey upon cephalopods (mostly Ommastrephidae, 4.7%) and crustaceans with a crab 

claw found in one stomach. Large amount of sardines were found in 46.7% of the stomachs 

dissected with up to 41 sardines found in one stomach. 

Thresher shark Alopias vulpinus 

Twenty four thresher shark A. vulpinus stomachs from GAB waters were examined for dietary 

analysis with 16 stomachs (66.7%) containing prey items. A total of 239 prey items were found 

and E. australis being the most consumed prey (87.6%). The lack of cephalopod and the high 

proportion of anchovies in the diet of A. vulpinus are consistent with previous studies (Preti et al. 

2001; Preti et al. 2004).  

Smooth hammerhead Sphyrna zygaena 

Ten smooth hammerhead S. zygaena stomachs from GAB waters were examined for dietary 

analysis with 9 stomachs (90.0%) containing prey items (Table 3). A total of 47 prey items were 

found with cephalopods being the most consumed category (68.8%). Smooth hammerhead 

mostly preyed upon Loliginidae (40.4%) and Ommastrephidae (27.2%), with osteichthyes 

(mostly unidentified fish) participating in 31.0% of the diet. Sardine were also found in the 

stomachs dissected but did not strongly contribute to the diet of smooth hammerheads. The 

high proportion of cephalopod remains found in the stomach of S. zygaena was consistent with 

previous studies (Stevens, 1989; Cortés, 1999). 
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6.0 Conceptual Food-web  

6.1 Background 

Information on the diets of predators in Section 5 was used to develop the preliminary 

conceptual food-web model in this section. This information will be use to develop a 

trophodynamic model for the GAB pelagic ecosystem, which is a key output of a current FRDC 

Project (2005/031) to be completed in 2008. 

 

Based on dietary data available in summer-autumn 2007, a conceptual food web detailing the 

trophic relations among species groups was developed using ECOPATH software (Christensen 

and Pauly, 1993, Polovina, 1984). At the time of preparation of this report, this model excluded 

a number of important taxa (e.g. sharks and some species of small pelagic fish), and many other 

groups were poorly resolved (e.g. cephalopods) (Fig. 18). Given that most of the input data has 

focused around large pelagic predators, including seals, seabirds and large pelagic fish, the 

trophic relationship between these species and their prey are the most resolved. Two main 

groups of small pelagic fish were designated for this food-web, one inclusding  sardines and 

anchovies, and another group including redbait and jack mackerel. This will be revised following 

the results of a recently completed small pelagic fish dietary study. Presently other small pelagic 

species are not included but will be considered in future model runs. 

 

NZFS formed the highest trophic level (4.51), followed by the kingfish/samsonfish group (4.48), 

sea lions (4.37), dolphins (4.32), shags (4.32) and little penguins (4.12). Most of the fish groups 

occurred at trophic levels between 3 and 4, with the exception of sardines/anchovies (2.60) (Fig. 

18). Small pelagic fish clearly underpin the diets of large pelagic fish, fur seals, dolphins, little 

penguins and terns. A number of key findings from this provisional model have been used to 

direct further work to ultimately improve the model. Three critical points are briefly summarized 

below: 

 

6.2 Diets of small pelagic fish 

Provisional analyses confirmed the importance of small pelagic fish in the eastern GAB 

ecosystem. These species underpin populations of large pelagic fish, squid and seabirds, seals 

and some cetaceans. The current model poorly resolves the trophic relationships of individual 

small pelagic species. To this end, an Honours project was developed in 2006 and was 
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completed in November 2007. The project resolved the diets of the main small pelagic fish 

species in the eastern GAB (see above), and this information will be integrated in future model 

being developed throughout 2008. 

 

The role and importance of arrow squid 

One of the most responsive species to changes in the abundance of small pelagic fish (in terms 

of positive changes in biomass) is arrow squid. As with most cephalopod species, arrow squid 

biomass can respond rapidly to changes in the biomass of available prey, because of their rapid 

generation time and semelparous life-history. Trophic analyses suggest that arrow squid are key 

predators of small pelagic fishes; as such any species that predates on or competes with arrow 

squid may exert significant controls on the amount of small pelagic fish consumed by arrow 

squids and as a consequence, the biomass of small pelagic fish that may be available to other 

predators. Results from an Honours project completed in 2007 (presented herein) will form 

model inputs and facilitate a better understanding of the diets of arrow squid in the eastern 

GAB.  

 

The role of pelagic sharks 

Trophodynamic analyses clearly demonstrated the paucity of information on the ecological role 

and importance of pelagic shark species in the GAB. These species are apex predators and 

occupy similar trophic levels to those occupied by seals and seabirds. Some dietary information 

from stomach samples collected as bycatch is available and more will be collected during 2008 as 

part of a PhD project on pelagic sharks. 
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Figure. 28. Simplified food-web summarising the main trophic interactions among species groups in the 

eastern GAB. Species’ trophic levels are indicated on the left. To improve clarity, dietary contributions 

≥50% are indicated by bold lines, contributions <50% are indicated by fine lines and contributions 

<10% have been omitted.  
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7.0 General Discussion 

7.1 Summary 

Marine waters off SA support three distinct ecosystems (Fig. 1), the two gulfs, shelf waters of 

the Bonney coast and the eastern and western GAB. Gulf St Vincent and Spencer Gulf are 

managed by the SA Government, and a comprehensive and representative system of marine 

protected areas is currently being established for these environments, under separate 

arrangements to the marine planning process which is underway for the SWMR. Relatively little 

information is available on the small pelagic fishes of the western GAB. Hence, this report 

focuses mainly on the small pelagic fishes and large marine predators of the shelf waters of the 

Bonney coast and the eastern, which is becoming known as the Flinders Current System. 

  

Sardines, maray, blue mackerel and Trachurus spp. are abundant in the mouths of both gulfs and 

in waters overlying the continental shelf. Anchovy are also abundant over the inner continental 

shelf during years when sardine abundance is reduced. Studies to investigate the factors that are 

associated with inter-annual variations in the composition of the pelagic fish assemblage off 

Flinders Current System are currently underway.  

 

The dominant oceanographic feature of the Flinders Current system is the upwelling events that 

occur during summer and autumn off the Bonney Coast and in the eastern GAB. The high 

abundance of sardines and anchovy recorded in the eastern GAB has been linked to the 

enhancement of primary productivity through upwelling. The occurrence of large numbers of 

blue mackerel and SBT in the western GAB has also been correlated with the warming influence 

of the Leeuwin Current.  

 

The ecological importance of the Flinders Current ecosystem is highlighted by the presence of 

regionally important populations of marine mammals, seabirds and pelagic sharks that aggregate 

in, or migrate to, this region during summer and autumn. Information presented in this report 

suggests that small pelagic fishes (and cephalopods) are critical components of the diets of many 

large marine and land-breeding predatory species, most of which are internationally listed as 

threatened (pelagic sharks), critically endangered (SBT) and/or protected (seabirds and marine 

mammals).  
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7.2 Status of Current Knowledge 

By Australian standards the biology and ecology of the assemblage of small pelagic fishes in 

waters off SA is relatively well known, with approximately 12 papers in peered reviewed journals 

and 22 technical reports being published since 1998. Significant information is available for 

sardine, anchovy and blue mackerel and some data has been collated on blue and sandy sprats. 

However, significant gaps remain in current knowledge of several species, such as maray, which 

have low commercial potential. This bias in our current knowledge base for small pelagic fishes 

reflects the dominance of funding for fisheries related research and relative paucity of funding 

for research to address other management issues in the Flinders Current System.   

 

The biology, diet and foraging ecology of predatory fishes, seabirds and marine mammals in the 

Flinders Current System is also well studied by Australian standards. Since 2001, a significant 

number of papers, reports and theses have been published on key marine predators.  A large 

proportion of the funding for these studies has been provided by the SA Government, fishing 

industry and Fisheries Research Development Corporation to ensure that SA fisheries in the 

region are managed according to the principles of Ecologically Sustainable development. A 

current study (FRDC Project 2005/031) is explicitly examining the relative importance of small 

pelagic fishes, especially sardines, in the diets of key predators in the region, with the goal of 

assessing the need to establish ecological performance indicators for the SASF. Integral to this 

assessment is detailed modelling of the trophodynamic structure and ecological function of the 

Flinders Current System.  The outcomes of this project, which will be finalised in 2008, will 

provide a sound basis for future management of the Flinders Current Ecosystem, including the 

populations of marine predators which forage on small pelagic fishes.  
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