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Executive Summary 

From 1997 - 2010, severe drought in south-eastern Australia resulted in reduced inflows to the 

Murray-Darling Basin (MDB). In combination with over-allocation of water resources, this 

resulted in diminished flow to the lower reaches of the River Murray, complete closure of the 

tidal barrages and cessation of freshwater flow to the Coorong estuary from March 2007 – 

September 2010.  As freshwater inflows into the Coorong diminished the abundance of 

diadromous fish decreased dramatically.  Notably, recruitment of catadromous congolli 

(Pseudaphritis urvillii) declined significantly, with a >90% reduction in the abundance of young-of-

the-year upstream migrants, and contraction of migration and spawning periods. 

 

Congolli are endemic to the coastal rivers of south-eastern Australia and whilst studies on the life 

history of congolli are rare, it is generally accepted they employ an obligate catadromous life 

history strategy. Adults spawn in estuarine or marine environments (following downstream 

migration of females from freshwater environments) and juveniles migrate back upstream.  The 

disconnection of freshwater and estuarine habitats in the lower River Murray from 2007 – 2010 

likely disrupted the downstream migration of female congolli leading to spawning failure and 

ultimately significant decreases in recruitment. 

 

Understanding the behaviour of diadromous fish, particularly spatio-temporal variability in 

movement, will assist in the conservation and restoration of native fish populations in the MDB.  

The objective of this study was to investigate the movement patterns of female congolli over a 

two year period using acoustic telemetry techniques.  We hypothesised that female congolli 

would undertake downstream migrations from the freshwater reaches of Lake Alexandrina to the 

Coorong Estuary in autumn/winter and that physical barriers such as barrages would impede 

these movements. 

 

From April 2009 to January 2011 we tagged 70 congolli with acoustic transmitters and monitored 

their movement using an array of up to 27 acoustic receivers.  To achieve a transmitter to fish 

weight ratio of <2% all fish tagged were >180 mm in length, and all fish of this size were 

reproductively mature females. In 2009, 30 fish were tagged in the freshwater reaches of Lake 

Alexandrina and the Finniss River and Currency Creek.  In 2010, 30 fish were again tagged in this 

region and an additional 10 fish were tagged in the Coorong estuary.  During our investigations 

two management interventions, in addition to the closed barrages, had the potential to influence 

congolli movement: 1) construction in August 2009 (and subsequent partial removal in 

September 2010) of an earthen bank at Clayton to regulate water levels in the Goolwa Channel, 
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and 2) operation of the Goolwa Barrage boat lock (late July – early September 2010) specifically 

to facilitate congolli movement. 

 

Movement patterns of female congolli were consistent among individuals and across years.  In 

both 2009 and 2010 congolli tagged in the freshwater reaches of the Lower Lakes exhibited 

limited movement and strong fidelity to tagging sites through April and early May and then 

undertook rapid downstream movements towards the Coorong estuary from mid May – July.  

Fish moved as far downstream as possible until confronted with a barrier (i.e. a barrage or the 

Clayton Regulator) and either remained above the barrier or moved back upstream and searched 

for an alternative route to the estuary. 

 

The abundances of tagged fish congregating upstream of barriers was highest in winter (June – 

August) peaking in August.  When connectivity through Goolwa Barrage was facilitated using the 

boat lock congolli continued downstream and were last detected on a receiver adjacent to the 

river mouth (Murray Mouth).  It was not possible to deploy an acoustic receiver outside the river 

mouth but we suggest that these fish moved out of the Murray Mouth into the Southern Ocean.  

Female congolli tagged in the Coorong estuary in 2010 displayed similar behaviour. 

 

Regulating structures in the lower River Murray had a significant impact on the downstream 

migration of female congolli.  The closure of the barrages prevented all congolli tagged in the 

freshwater Lower Lakes and tributaries from accessing the Coorong and Southern Ocean. 

Furthermore, the Clayton Regulator presented an additional barrier to movement.  The operation 

of the Goolwa Barrage boat lock, however, from late July – early August 2010 proved to be a 

successful emergency measure to facilitate the downstream movement of congolli accumulating 

upstream of the Goolwa Barrage. 

 

The results of this study concur with previous investigations in Tasmania and Victoria and 

suggest that congolli exhibit similar population dynamics, life histories and movement patterns 

across south-eastern Australia. Obstruction of congolli spawning migrations, resulting from 

physical disconnection of the Lower Lakes from the Coorong estuary and Southern Ocean, likely 

led to the significant decline observed in congolli recruitment.  To preserve congolli populations 

in the MDB, connectivity between the Lower Lakes and Coorong should be facilitated over the 

peak downstream migration period for female congolli (June-August) to enable access to 

spawning habitats. To ensure effective downstream passage, barrage gates should be opened in 

addition to fishways. Importantly, any solution to increase spatio-temporal connectivity in the 

Lower Lakes and Coorong region for catadromous fish must also facilitate the upstream 

movement of young-of-year life stages in late spring and summer. 
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1 Introduction 

Diadromous fish undertake obligate migrations between marine and freshwater environments; 

therefore estuaries form essential migratory pathways and may also provide critical spawning and 

recruitment habitats (Montagna et al. 2002; Beck et al. 2001).  Throughout the world, however, 

anthropogenic modification of rivers has diminished freshwater flows and interrupted 

connectivity between estuarine and freshwater environments, leading to profound impacts on 

diadromous fish (Musick et al. 2000; Lassalle and Rochard 2009). 

 

The Coorong estuary in south-eastern Australia lies at the terminus of Australia’s largest river 

system, the Murray-Darling. The river system is highly regulated and on average only ~39% 

(4723 GL) of the natural mean annual discharge (12 233 GL) now reaches the sea (CSIRO 2008). 

Furthermore the river now ceases to flow through the river mouth (Murray Mouth) 40% of the 

time, compared to 1% under natural unregulated conditions (CSIRO 2008). The estuary is 

separated from the lower river by a series of tidal barrages that form an abrupt physical and 

biological barrier, and have substantially reduced the area of the historical estuary. 

 

From 1997 - 2010, south-eastern Australia experienced severe drought, resulting in reduced 

inflows to the Murray-Darling Basin (MDB) (Murphy and Timbal 2008). A combination of 

reduced inflows and over-allocation of water resources resulted in diminished flow to the lower 

reaches of the River Murray (< 600 GL.yr-1 in 2007 and 2008) causing the complete closure of 

the tidal barrages from March 2007 – September 2010 and a cessation of freshwater flow to the 

Coorong.  As freshwater inflows into the Coorong diminished the abundance of diadromous fish 

decreased dramatically (Zampatti et al. 2010).  Notably, recruitment of catadromous congolli 

(Pseudaphritis urvillii) declined significantly with a >90% reduction in the abundance of young-of-

the-year upstream migrants, and contraction of migration and spawning periods (Zampatti et al. 

2011). 

 

Congolli are endemic to the coastal rivers of south-eastern Australia and distributed from Bega in 

New South Wales to the Eyre Peninsula in South Australia, including Tasmania. There have been 

few studies on the life history of congolli; although Hortle (1978) and Crook et al. (2010) provide 

important data on population dynamics and movement.  Congolli populations appear to exhibit 

spatial sexual structuring with smaller males and individuals of indeterminate sex predominant in 

coastal and estuarine zones, and larger females mostly inhabiting freshwater habitats (Hortle 

1978; Crook et al. 2010). In coastal drainages in Victoria, Australia, female congolli undertake 

rapid downstream spawning migrations in autumn and winter (Crook et al. 2010). Females leave 

the estuary and are thought to spawn at sea. No corresponding movements back to the estuary or 
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freshwater reaches have been observed post–spawning.  Young-of-year and juvenile congolli are 

abundant in the lower reaches of rivers, particularly estuaries, in spring and summer and 

upstream migrations of juveniles are considered a compensatory movement for the downstream 

movement of adults (Hortle, 1978).  These observations imply an obligate catadromous life 

history that is highly susceptible to fragmentation. 

 

Prior to the construction of the tidal barrages in the lower River Murray, large downstream 

migrations of reproductively mature female congolli, from freshwater reaches to the Coorong, 

were commonly observed during Autumn and Winter.  These migrations supported a seasonal 

component of the region’s commercial fishery (Eckert and Robinson 1990; Evans 1991) but have 

since declined significantly and are now no longer observed.  Zampatti et al. (2010) hypothesised 

that disconnection of freshwater and estuarine habitats from 2007 – 2010 likely disrupted the 

downstream migration of female congolli leading to spawning failure and ultimately significant 

decreases in recruitment. 

 

Understanding the behaviour of diadromous fish, particularly spatio-temporal variability in 

movement, will assist in the conservation and restoration of native fish populations in the MDB.  

The objective of this study was to investigate the movement patterns of female congolli over a 

two year period using acoustic telemetry techniques.  We hypothesised that female congolli 

would undertake downstream migrations from the freshwater reaches of Lake Alexandrina to the 

Coorong Estuary in autumn/winter and that physical barriers such as barrages and earthen levies 

would impede these movements.  Ultimately, these data will inform the mitigation of barriers to 

the obligate reproductive migrations of congolli. 

 



Movements of female congolli in the Coorong and Lower Lakes of the River Murray 

SARDI Aquatic Sciences 3 

2 Methods 

2.1 Study Site 

The Murray-Darling Basin is the largest river system in Australia, draining an area of 1 073 000 

km2 or 14% of the continent. The Murray River discharges into Lakes Alexandrina and Albert 

before flowing into the Coorong and the Southern Ocean via the Murray Mouth (Figure 1). In 

the 1940’s, five tidal barrages with a total length of 7.6 km, were constructed to prevent saltwater 

intrusion into the Lower Lakes and to maintain stable freshwater storage for water extraction. 

 

Currency Creek

Finniss River

Goolwa Channel

Clayton Regulator

Goolwa Barrage

Mundoo Barrage

Boundary Creek
Barrage

Ewe Island Barrage

Tauwitchere Barrage

Murray Mouth

Coorong

Lake Alexandrina

 

Figure 1. Map of the study site showing the location of the five tidal barrages and the Clayton 

Regulator. 

 

Under regulated conditions, ~ 39% (4723 GL) of the natural mean discharge (12, 233 GL) 

reaches the sea (CSIRO 2008), however due to over abstraction and prolonged drought in the 

past decade River Murray inflows in 2007, 2008 and 2009 were < 600 GL.yr-1 (DFW 2011). With 

the high rates of evaporation experienced in the Lower Lakes (typically > 750 GL.yr-1) (CSIRO 

2008), inflows were insufficient to maintain typical regulated water levels (~0.75 m AHD 

(Australian Height Datum)) and the Lakes fell below sea level (i.e. 0.0 m AHD) in late 2007, 

before reaching an historical low in May 2009 (-1.0 m AHD). Receding water level was 

accompanied by the complete physical and biological disconnection of the Lower Lakes and 

Coorong in March 2007. 
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Over the course of our investigation (April 2009 – December 2010) two management 

interventions were undertaken in the Coorong and Lower Lakes that had the potential to 

influence congolli movement: 1) construction in August 2009 (and subsequent partial removal in 

September 2010) of an earthen bank at Clayton to regulate water levels in the Goolwa Channel, 

and 2) operation of the Goolwa Barrage boat lock (late July – early September 2010) specifically 

to facilitate congolli movement.  These interventions are described in more detail below. 

 

Clayton Regulator 

In response to the risk posed by exposed acid sulfate soils (ASS) in the lower reaches of the 

Finniss River and Currency Creek a large earthen regulator was constructed across the Goolwa 

Channel at Clayton in August 2009. The Clayton Regulator was used to maintain higher water 

levels in an impounded area, ~16 km in length and 0.3-1.5 km wide, between the regulator and 

the Goolwa Barrage and limit further exposure of ASS (Figure 1). An additional low-level 

regulator was also constructed across the lower reach of Currency Creek to ‘pool’ early season 

inflows. 

 

Widespread flooding in the MDB resulted in increasing River Murray flow in August 2010 and 

flow into South Australia had reached 65,000 ML.day at the completion of this study in 

December 2010. Lake levels had risen to 0.0 m AHD by mid July 2010 and were ≥0.75 m AHD 

in early October 2010. In late September 2010, the Clayton Regulator was partially removed, 

reconnecting the Goolwa Channel and Lake Alexandrina.  The tidal barrages (including fishways) 

were also opened during September 2010 to manage lake levels and to balance flows to stabilise 

the position of the Murray Mouth. This allowed freshwater to flow from Lake Alexandrina to the 

Coorong for the first time since March 2007 and in conjunction with the removal of the Clayton 

Regulator, provided unrestricted access between previously fragmented habitats. 



Movements of female congolli in the Coorong and Lower Lakes of the River Murray 

SARDI Aquatic Sciences 5 

Goolwa Barrage Boat Lock 

Between July and September 2010, a trial was initiated to utilise the Goolwa Barrage navigation 

lock to facilitate the downstream spawning migrations of adult female congolli. Operation of the 

lock comprised an overnight entrance phase to allow fish to enter the lock chamber through a 

slightly opened (~0.5 m) entrance (upstream) gate whilst the downstream exit gate was closed. To 

assist in attracting congolli into the lock chamber a pump was used to circulate water from the 

Goolwa Channel, through the lock chamber. An exit phase was initiated the following morning 

when the upstream entrance gate was closed and the downstream exit gate was opened for a 

period of ~2 hours to allow the downstream movement of fish from the lock chamber into the 

Coorong. 

2.2 Acoustic Telemetry 

Capture and tagging of congolli 

Congolli were captured using fyke and seine nets at sites throughout the species known 

distribution in the Lower Lakes and Coorong. In 2009, fish were collected from freshwater sites 

upstream of the tidal barrages in order to investigate fish movement from freshwater to the 

estuary (Figure 2).  In 2010, congolli were again collected from freshwater sites upstream of the 

barrages but also collected in the Coorong to investigate the movement of fish that were residing 

in the estuary (Figure 3).  Fish were tagged with VEMCO V7-4L (7 x 22.5 mm, 1.0 g) and V9 – 

2L (9 x 29 mm, 2.9 g) coded acoustic transmitters with a randomised nominal delay of 120 

seconds ± 50% between pulse trains and a projected tag life of ~300 (V7) or ~535 (V9) days.  

Tag size (V7 or V9) was dependent on fish weight and only fish large enough to ensure a 

transmitter to fish weight ratio <2% were tagged (Jepsen et al. 2002). 

 

Following capture, fish were transferred to 100 L aerated holding tanks. Fish were anaesthetized 

individually using a 0.05-ml l–1 solution of AQUI-S in a 20 L dosing tank. When they were fully 

anaesthetized, showing no reaction to external stimuli, they were weighed to the nearest g and 

measured to the nearest mm (Total Length, TL). Fish were placed ventral side up into a V-shaped 

support adjusted to their morphology. To permit continuous oxygenation during the surgical 

procedure a 50% concentration AQUI-S solution was irrigated over the gills. 
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Figure 2. Map of the study region showing 2009 tagging locations (open circles) MC (Mundoo 

Channel), CB (Clayton Bay), FR (Finniss River), CC (Currency Creek), GC (Goolwa Channel) 

and GB (Goolwa Barrage), and receiver location and identification number (black dots). 

 

A small incision was made off centre, midway between the pelvic and anal fins and sex 

determined in all individuals by observation of the gonads. Transmitters were inserted into the 

peritoneal cavity and the wound closed using a single cruciate suture and Vetbond® surgical glue. 

Surgical procedures were typically less than 5 minutes. As a preventative to possible infection fish 

were injected intra-musculature with the antibiotic Baytril© 50 at a dose of 0.1 ml.kg-1. Following 

full recovery in an aerated tank, fish were released at their original capture location. 
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Figure 3. Map of the study region showing 2010 tagging locations (open circles) MC (Mundoo 

Channel), BC (Boundary Creek), CR (Clayton Regulator), CB (Clayton Bay), FR (Finniss River), 

CC (Currency Creek), GC (Goolwa Channel) and CO (Coorong) and receiver number and 

location (black dots).  

 

2009 

In 2009, 20 female congolli were initially implanted with acoustic tags between 02/04/2009 and 

17/04/2009 (Table 1). This included 10 fish within Goolwa Channel (upstream of Goolwa 

Barrage to Clayton), four in the Finniss River, four in Currency Creek and two in Mundoo 

Channel/Holmes Creek. An additional 10 female congolli were implanted with tags at Goolwa 

barrage on 05/08/2009. Fish length ranged from 197–328 mm, mean ± s.e. = 262 ± 6 mm 

(n = 30). 
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Table 1. Summary of the capture location, date, total length (mm) and weight (g) of adult female 

congolli implanted with transmitters in 2009. 

Date Transmitter ID Fish ID Length Weight Capture location 

2/04/09 56761 CB1 220 110 Clayton 

8/04/09 56767 CC1 199 65 Currency Creek 

8/04/09 56778 CC2 206 81 Currency Creek 

8/04/09 56777 CC3 245 118 Currency Creek 

8/04/09 56782 CC4 262 165 Currency Creek 

9/04/09 56768 FC1 252 148 Finniss River 

9/04/09 56787 FC2 281 210 Finniss River 

21/04/09 56772 FC3 261 174 Finniss River 

21/04/09 56773 FC4 268 166 Finniss River 

2/04/09 56759 GC1 270 190 Goolwa Channel 

2/04/09 56760 GC2 255 160 Goolwa Channel 

3/04/09 56764 GC3 232 140 Goolwa Channel 

3/04/09 56762 GC4 250 160 Goolwa Channel 

3/04/09 56779 GC5 269 200 Goolwa Channel 

3/04/09 56763 GC6 258 170 Goolwa Channel 

7/04/09 56781 GC7 286 212 Goolwa Channel 

7/04/09 56780 GC8 265 196 Goolwa Channel 

8/04/09 56783 GC9 274 209 Goolwa Channel 

8/04/09 56775 MC1 246 143 Mundoo Channel 

8/04/09 56769 MC2 197 52 Mundoo Channel 

5/08/09 56766 GB1 282 213 Upstream Goolwa Barrage 

5/08/09 56765 GB2 294 228 Upstream Goolwa Barrage 

5/08/09 56776 GB3 185 200 Upstream Goolwa Barrage 

5/08/09 56784 GB4 328 281 Upstream Goolwa Barrage 

5/08/09 56785 GB5 310 270 Upstream Goolwa Barrage 

5/08/09 56786 GB6 314 290 Upstream Goolwa Barrage 

5/08/09 56788 GB7 285 206 Upstream Goolwa Barrage 

5/08/09 56770 GB8 299 255 Upstream Goolwa Barrage 

5/08/09 56771 GB9 280 223 Upstream Goolwa Barrage 

5/08/09 56774 GB10 282 234 Upstream Goolwa Barrage 
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2010 

In 2010, 30 female congolli were initially implanted with acoustic tags between 13/04/2010 and 

22/04/2010 (Table 2). Fish were classified according to capture location, namely Coorong, Lake 

and Goolwa Channel, representing the three fragmented habitat types at the time of tagging.  

Coorong fish included three individuals from both Boundary Creek and Mundoo Channel, 

directly below each barrage, and four fish from No. 19 Beacon boat ramp. Lake fish included one 

fish from Pomanda Point, along the northern shoreline of Lake Alexandrina, and three fish from 

directly upstream of the Clayton Regulator. Goolwa Channel fish included seven fish in Goolwa 

Channel between the Goolwa Barrage and Hindmarsh Island Bridge, four in the Finniss River 

and five in Currency Creek. A further 10 female congolli were tagged on 09/06/2010 comprising 

five fish directly upstream and five fish directly downstream of the Clayton Regulator, 

representing Lake and Goolwa Channel habitats respectively. Fish length ranged from 201–346 

mm, mean ± s.e. = 279 ± 6 mm (n = 40).  
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 Table 2. Summary of the capture location, date, total length (mm) and weight (g) of adult female 

congolli implanted with transmitters in 2010. 

Date Transmitter ID Fish ID Length Weight Capture location 

13/04/10 35263 Coorong 1 253 142 d/s Boundary Creek Barrage 

13/04/10 35264 Coorong 2 222 92 d/s Boundary Creek Barrage 

14/04/10 35265 Coorong 3 264 197 d/s Mundoo Channel Barrage 

14/04/10 35266 Coorong 4 246 136 d/s Mundoo Channel Barrage 

14/04/10 35267 Coorong 5 219 90 d/s Mundoo Channel Barrage 

15/04/10 35270 Coorong 6 201 71 d/s Boundary Creek Barrage 

21/04/10 35280 Coorong 7 256 140 Coorong @ No 19 Boat Ramp 

21/04/10 35281 Coorong 8 265 160 Coorong @ No 19 Boat Ramp 

21/04/10 35282 Coorong 9 219 90 Coorong @ No 19 Boat Ramp 

21/04/10 35283 Coorong 10 235 124 Coorong @ No 19 Boat Ramp 

20/04/10 35271 Lake 1 259 138 Pomanda point 

20/04/10 35272 Lake 2 228 105 u/s Clayton Regulator 

20/04/10 35273 Lake 3 258 144 u/s Clayton Regulator 

20/04/10 35274 Lake 4 292 256 u/s Clayton Regulator 

9/06/10 35298 Lake 5 302 271 u/s Clayton Regulator 

9/06/10 35299 Lake 6 299 246 u/s Clayton Regulator 

9/06/10 35300 Lake 7 306 273 u/s Clayton Regulator 

9/06/10 35301 Lake 8 300 235 u/s Clayton Regulator 

9/06/10 35302 Lake 9 312 278 u/s Clayton Regulator 

15/04/10 35268 Weir pool 1 313 346 Goolwa Channel 

15/04/10 35269 Weir pool 2 306 265 Goolwa Channel 

20/04/10 35275 Weir pool 3 339 365 Currency Creek 

20/04/10 35276 Weir pool 4 246 122 Currency Creek 

20/04/10 35278 Weir pool 5 234 98 Currency Creek 

20/04/10 35279 Weir pool 6 268 176 Currency Creek 

20/04/10 35277 Weir pool 7 268 160 Currency Creek 

22/04/10 35284 Weir pool 8 310 305 Finniss River 

22/04/10 35285 Weir pool 9 304 275 Finniss River 

22/04/10 35286 Weir pool 10 270 178 Finniss River 

22/04/10 35287 Weir pool 11 275 125 Finniss River 

22/04/10 35288 Weir pool 12 313 304 Goolwa Channel 

22/04/10 35289 Weir pool 13 306 285 Goolwa Channel 

22/04/10 35290 Weir pool 14 267 205 Goolwa Channel 

22/04/10 35291 Weir pool 15 298 260 Goolwa Channel 

22/04/10 35292 Weir pool 16 293 252 Goolwa Channel 

9/06/10 35293 Weir pool 17 342 394 Clayton bay 

9/06/10 35294 Weir pool 18 299 258 Clayton bay 

9/06/10 35295 Weir pool 19 287 231 Clayton bay 

9/06/10 35296 Weir pool 20 346 393 Clayton bay 

9/06/10 35297 Weir pool 21 316 302 Clayton bay 
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Acoustic Receiver Array 

The movements of acoustically tagged congolli were monitored with a fixed array of VEMCO 

VR2W (VEMCO Ltd., Halifax, Nova Scotia, Canada) acoustic receivers.  VR2Ws are submerged, 

single channel, omni-directional receivers that record time, date and identity of fish implanted 

with acoustic transmitters that swim within range. Range testing of receivers indicated 100% 

detection efficiency to 300 m, declining to ~60% at 350 m. Receiver locations were therefore 

selected where channel widths were < 600 m and possessed clear, open substrate to eliminate 

detection shadows (Vemco pers. com). Acoustic receivers were moored at depths between 1.5 

and 3 m and orientated vertically in the water column to sit 0.5 m above the substrate to increase 

detection efficiency. 

 

In 2009, an array of 12 receivers was deployed to detect the movement of congolli within the 

Lower Lakes, Goolwa Channel and lower reaches of Currency Creek and the Finniss River 

(Figure 2 and Table 3).  

 

Table 3. 2009 acoustic receiver array indicating receiver number, location, sub-region and GPS 

coordinates.  

Number Receiver ID Receiver location Receiver ‘sub-region’ Latitude Longitude 

1 U/SMCB1 Upstream Mundoo Barrage 1 >20 km upstream 35° 32.343' 138° 55.551' 

2 U/SMCB2 Upstream Mundoo Barrage 2 >20 km upstream 35° 32.222' 138° 55.089' 

3 U/SCR2 Clayton East 5-20 km upstream 35° 30.610' 138° 56.484' 

4 U/SCR1 Upstream Clayton 

WeiRegulatorr 

5-20 km upstream 35° 30.249' 138° 55.818' 

5 U/SGB5 Upstream Goolwa Barrage 5 5-20 km upstream 35° 29.828' 138° 54.908' 

6 FRF Finniss River Ford >20 km upstream 35° 23.864' 138° 49.635' 

7 D/SFR Downstream Finniss River  >20 km upstream 35° 23.967' 138° 49.815' 

8 U/SGB4 Upstream Goolwa Barrage 4 5-20 km upstream 35° 29.442' 138° 52.931' 

9 CC Currency Creek 5-20 km upstream 35° 27.297' 138° 45.677' 

10 U/SGB3 Upstream Goolwa Barrage 3 <5 km upstream 35° 29.973' 138° 47.571' 

11 U/SGB2 Upstream Goolwa Barrage 2 <5 km upstream 35° 31.358' 138° 48.382' 

12 U/SGB1 Upstream Goolwa Barrage 1 <5 km upstream 35° 31.571' 138° 48.495' 

 

In 2010, the original 2009 receiver array remained unchanged however the array was significantly 

expanded to 27 receivers to investigate the movement of congolli within the Lower Lakes, 

Goolwa Channel and Coorong (Figure 3). Additional receivers were deployed upstream and 

downstream of the Goolwa, Mundoo and Boundary Creek Barrages and Clayton Regulator to 

identify if and when accumulations of tagged fish occurred during the study period. The array 

consisted of 15 Coorong, eight Goolwa Channel and four Lower Lake receivers (Table 4). 
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Table 4.  2010 acoustic array indicating number, location, sub-region and GPS coordinate for 

each receiver.  

Number Receiver ID Receiver location Receiver ‘sub-region’ Latitude Longitude 

1 U/SMCB1 Upstream Mundoo Channel Barrage 1 >20 km upstream 35° 32.153' 138° 54.402' 

2 U/SMCB2 Upstream Mundoo Channel Barrage 2 >20 km upstream 35° 31.528' 138° 57.142' 

3 U/SCR2 Upstream Clayton Regulator 2 5-20 km upstream 35° 30.603' 138° 56.371' 

4 U/SCR1 Upstream Clayton Regulator 1 5-20 km upstream 35° 30.311' 138° 55.751' 

5 U/SGB5 Upstream Goolwa Barrage 5 5-20 km upstream 35° 29.828' 138° 54.908' 

6 FRF Finniss River Ford >20 km upstream 35° 23.779' 138° 49.580' 

7 D/SFR Downstream Finniss River >20 km upstream 35° 24.423' 138° 50.306' 

8 U/SGB4 Upstream Goolwa Barrage 4 5-20 km upstream 35° 29.442' 138° 52.931' 

9 CC Currency Creek 5-20 km upstream 35° 27.297' 138° 45.677' 

10 U/SGB3 Upstream Goolwa Barrage 3 <5 km upstream 35° 30.195' 138° 47.299' 

11 U/SGB2 Upstream Goolwa Barrage 2 <5 km upstream 35° 31.426' 138° 48.445' 

12 U/SGB1 Upstream Goolwa Barrage 1 <5 km upstream 35° 31.548' 138° 48.441' 

13 D/SGLC Downstream Goolwa Barrage lock 

chamber 

<5 km downstream 35° 31.590' 138° 48.543' 

14 D/SGB1 Downstream Goolwa barrage 1 <5 km downstream 35° 31.552' 138° 48.655' 

15 D/SGB2 Downstream Goolwa barrage 2 <5 km downstream 35° 31.591' 138° 48.805' 

16 D/SGB3 Downstream Goolwa barrage 3 <5 km downstream 35° 32.227' 138° 50.758' 

17 D/SGB4 Downstream Goolwa barrage 4 <5 km downstream 35° 32.606' 138° 51.360' 

18 MMW Murray mouth west 5-20 km downstream  35° 32.882' 138° 52.312' 

19 MME Murray mouth east 5-20 km downstream 35° 33.588' 138° 53.833' 

20 D/SMCB1 Downstream Mundoo Barrage 1 5-20 km downstream 35° 32.319' 138° 53.662' 

21 D/SMCB2 Downstream Mundoo Barrage 2 5-20 km downstream 35° 33.146' 138° 54.013' 

22 MP Mulloway point 5-20 km downstream 35° 34.010' 138° 54.659' 

23 D/SBCB1 Downstream Boundary Creek Barrage 1 5-20 km downstream 35° 33.331' 138° 56.651' 

24 D/SBCB2 Downstream Boundary Creek Barrage 2 5-20 km downstream 35° 33.617' 138° 55.282' 

25 EI Ewe Island 5-20 km downstream 35° 34.155' 138° 55.242' 

26 TI Tauwitchere Island >20 km downstream 35° 34.722' 138° 59.136' 

27 PP Pelican point >20 km downstream 35° 36.066' 139° 01.688' 

 

2.3 Data analysis 

To test whether congolli movement varied throughout the year we investigated variation in the 

number of individual fish that were detected on each receiver each month. The receiver array was 

divided into ‘sub-regions’ based on the distance of receivers from the Goolwa Barrage (Table 3 

and Table 4) and months were grouped by season: summer, autumn, winter and spring. Variation 

in hydrology and subsequent connectivity between 2009 and 2010 dictated that ‘sub-regions’ 

differed between years, with ‘sub-regions’ downstream of the Goolwa Barrage included in 

analysis of 2010 data, due to increased connectivity between Lake Alexandrina and the Coorong.  

We then compared the number of individual fish detected by receivers across ‘sub-regions’ and 

‘seasons’ in both 2009 and 2010 using a uni-variate two-factor permutational ANOVA 

(PERMANOVA), performed on Euclidean Distance similarity matrices (Anderson et al. 2008).   
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3 Results 

3.1 General movement patterns by capture location. 

2009 

Of the 30 congolli tagged in 2009, 28 were subsequently detected on one or more receivers 

within the array. All 20 fish tagged in April 2009 exhibited some downstream movement and 14 

fish moved as far downstream as the Goolwa Barrage where they remained between June and 

October. A further 10 individuals were tagged directly above Goolwa Barrage in August 2009 

when fish had accumulated in high abundances above this barrier. Fourteen fish, including fish 

from both tagging events, displayed recurrent movement up and down the Goolwa Channel 

when confronted by an obstruction (e.g. Goolwa or Mundoo Barrage and the Clayton Regulator). 

 

Currency Creek 

Of the four individuals tagged, three were detected after release. Two fish remained resident in 

Currency Creek during April and early May, although these individuals were not detected for the 

remainder of the study. Another individual migrated downstream reaching Goolwa Barrage in 

mid–July and remained in the vicinity of the Barrage until early September at which time no 

further detections were recorded. 

 

Finniss River 

The four fish tagged in the Finniss River displayed strong fidelity to their capture location 

between April and June (Figure 4.). All four fish moved downstream from mid–June to mid–July. 

Of these, three migrated downstream reaching Goolwa Barrage during July (n = 2) and 

September (n = 1). Fish spent between one and four weeks immediately upstream of the barrage 

before moving upstream in the Goolwa Channel towards Clayton. Following completion of the 

Clayton Regulator fish became isolated in the Goolwa Channel (n = 2) or upstream in Lake 

Alexandrina (n = 1) (Figure 4). 
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U/SMCB2

U/SMCB1

Goolwa Barrage

Completion of Clayton Regulator

U/SCR1

U/SCR2

 

Figure 4. Movement pattern of a 281 mm TL female congolli (ID 56787) tagged in the Finniss 

River on 9/4/2009. Black dots indicate detections and the grey line is used to join detections for 

clarity but does not necessarily infer movement. Solid horizontal black lines represent barriers to 

fish passage. 

 

Goolwa Channel 

Of the 10 individuals tagged in Goolwa Channel, nine were detected after release. Between April 

and June, fish were either not detected or exhibited fidelity to single receivers. Between mid-May 

and late June activity increased and all fish were detected migrating downstream and 

accumulating above Goolwa Barrage. Five fish remained at Goolwa Barrage until their detections 

ceased and four fish exhibited searching behaviour moving upstream to Clayton (n = 2) and 

Mundoo Channel (n = 2) before returning to Goolwa Barrage. 

 

Mundoo Channel 

The two fish tagged in Mundoo Channel exhibited strong fidelity to their capture location 

between April and May. In late May one fish moved out of Mundoo Channel and migrated 

downstream to Goolwa Barrage where it remained for approximately 3 weeks during June 

(Figure 5). After this period this fish moved upstream to Clayton and back into Mundoo Channel 

before returning to reside above Goolwa Barrage until detections ceased (Figure 5). The 

remaining Mundoo fish moved out of Mundoo Channel in mid July and was detected above the 

Clayton Regulator as this structure neared completion in late July. This fish then returned to 

Mundoo Channel before attempting to migrate downstream again in early August and was last 

detected upstream of the Clayton Regulator (Figure 6). 
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Figure 5. Movement pattern of a 246 mm TL female congolli (ID 56775) tagged upstream of 

Mundoo Channel Barrage on 8/4/2009. 
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Figure 6. Movement pattern of a 197 mm TL female congolli (ID 56769) tagged upstream of 

Mundoo Channel Barrage on 8/4/2009. 

 

Goolwa Barrage 

Ten congolli were tagged immediately upstream of the Goolwa Barrage in early August 2009, a 

time when congolli were accumulating upstream of the barrage.  Three fish remained resident in 

the region directly above Goolwa Barrage until they were last detected during March and April 

2010, whilst the remaining seven individuals moved upstream towards Clayton during August.  

All seven fish were detected accumulating below the newly constructed Clayton Regulator from 

mid–August 2009 to late April 2010. Six fish moved back downstream, with four reaching 

Goolwa Barrage and two detected between the confluences of Currency Creek and Finniss River 

in the Goolwa Channel. Three fish remained resident above Goolwa Barrage with the remaining 
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individuals returning to reside below Clayton Weir (n = 2) (Figure 7) or within the Goolwa 

Channel (n = 1). 
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Figure 7. Movement pattern of a 280 mm TL female congolli (ID 56771) tagged upstream of 

Goolwa Barrage on 5/8/2009. 

 

2010 

All but one of the 40 congolli tagged in 2010 were detected on one or more receivers. Of the 21 

fish tagged in the Goolwa Channel region, 20 migrated downstream and accumulated above the 

Goolwa Barrage. Following the commencement of the Goolwa Barrage boat lock experiment in 

late July 2010, 11 individuals successfully moved downstream through the barrage from late July 

to early September, with 9 fish last detected on a receiver adjacent the Murray Mouth. A further 

five fish tagged in the Coorong were also detected migrating downstream to the Murray Mouth 

during the same period. Despite tags being programmed to transmit until January 2011 no 

corresponding upstream movement was detected for fish which were last detected at the Murray 

Mouth.   

 

Currency Creek 

The five fish that were tagged in Currency Creek exhibited fidelity to the tagging site through 

April and May. Downstream movement commenced between late May and late June. Four 

individuals migrated downstream reaching Goolwa Barrage in June (n = 1), July (n = 1) and 

August (n = 2). Fish remained directly above Goolwa Barrage from ~ 10 days – 2 months with 

occasional short upstream movements in the Goolwa Channel. Following commencement of 

Goolwa Barrage boat lock operations in late July, three fish moved through Goolwa Barrage in 

August and early September undertaking rapid downstream migration through the Goolwa 
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Channel towards the Murray Mouth. The remaining fish resided above Goolwa Barrage until last 

detected in December.  

 

Finniss River 

Four fish were tagged and remained resident within the Finniss River between April and June. 

Three of these fish displayed strong site fidelity to their original capture location in the vicinity of 

the Finniss Ford receiver. All fish moved downstream from early June to early July reaching 

Goolwa Barrage during July. Prior to, and during boat lock operations, all fish displayed extended 

residency periods above Goolwa Barrage. Fish either remained at the barrage (n = 1) or moved 

back upstream to the Clayton Regulator before returning to Goolwa Barrage (n = 3). One fish 

undertook this return journey on five occasions during July and August, and once in October, 

when it travelled past the partially removed Clayton Regulator before residing above Goolwa 

Barrage until its last detection in January 2011 (Figure 8). Three fish successfully utilised the 

Goolwa boat Lock in early August to pass through Goolwa Barrage before undertaking rapid 

downstream migrations to the Murray Mouth (Figure 9). 
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Figure 8. Movement patterns of a 310 mm TL female congolli (ID 35284) tagged in the Finniss 

River on 22/4/2010. Dashed line indicates operation of the Goolwa Barrage boat lock. 
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Figure 9. Movement patterns of a 275 mm TL female congolli (ID 35287) tagged upstream in 

Finniss River on 22/4/2010.   

 

Goolwa Channel and Clayton Bay 

The five fish tagged in April, in the upper reaches of the Goolwa Channel, exhibited strong 

tagging site fidelity before moving downstream to the Goolwa Barrage in June (n = 3) and July 

(n = 2).  Two fish, tagged immediately upstream of the Goolwa Barrage, also remained at their 

tagging locations through to July.  A further five fish were tagged near Clayton Bay in early June 

and undertook downstream movements within 1 to 2 weeks of release, reaching Goolwa Barrage 

by July. Fish from both tagging locations resided above Goolwa Barrage for periods of 1–7 

months. During this time fish either remained at the Barrage (n = 5) or moved upstream in 

Goolwa Channel (n = 5) as far as the Clayton Regulator (n = 2) before returning to Goolwa 

Barrage.  

 

Following initiation of Goolwa boat lock operations, four fish moved through the Goolwa 

Barrage in August and early September undertaking rapid downstream movements through the 

Goolwa Channel towards the Murray Mouth. One individual travelled past the Murray Mouth to 

Pelican Point before returning to the Murray Mouth where it was last recorded on the eastern 

Murray Mouth receiver. Six fish remained resident above Goolwa Barrage.  
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Lake Alexandrina 

Three fish were tagged immediately upstream of the Clayton Regulator in April and exhibited 

strong tagging site fidelity until May (n = 1) and June (n = 2), when activity increased and fish 

began moving upstream. A further five fish were tagged immediately upstream of the Clayton 

Regulator in June and were undertaking upstream movements within 1 week of release. Fish 

from both tagging events moved into Lake Alexandrina and downstream into Mundoo Channel 

(n = 5) before returning to the Clayton Regulator, often multiple times. Detections ceased for 

seven fish before August, a period of between 1 and 3 months post tagging. Of these, five fish 

were detected on receivers entering Lake Alexandrina suggesting fish moved away from the array 

in search of alternate downstream migration routes (Figure 10). Two individuals were last 

detected directly upstream of the Clayton Regulator in July well before transmitters were 

programmed to expire suggesting they may have succumbed to predation.  
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Figure 10. Movement patterns of a 300 mm TL female congolli (ID 35301) tagged upstream of 

Clayton weir on 9/6/2010. 

 

Coorong 

Of the nine individuals tagged, three remained resident in the area where they were released (e.g. 

below Goolwa Barrage (n = 2) or Boundary Creek Barrage (n = 1)) until they were last detected 

during December 2010 and January 2011. The remaining six fish exhibited strong tagging site 

fidelity before displaying downstream movements towards the Murray Mouth in April (n =1), 

May (n = 3) and June (n = 2). Downstream migrations to Murray Mouth receivers were rapid and 
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direct for five fish (Figure 11), whilst one fish travelled downstream in Mundoo Channel to 

Pelican Point before returning to the Murray Mouth. 
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Figure 11. Movement patterns of a 253 mm TL female congolli (ID 35263) tagged below 

Boundary Creek Barrage on 13/4/2010. 

 

3.2 Spatio-temporal variability in movement 

2009 

The number of individual fish recorded on each receiver varied between receivers and months in 

2009, with generally greater numbers of fish detected in winter, particularly immediately upstream 

of Goolwa Barrage (Figure 12). This was supported by PERMANOVA, which indicated there 

was a significant difference in the number of individual fish detected between ‘sub-regions’ 

(Table 2) (Psuedo-F2, 155 = 37.33, p < 0.001) and between ‘seasons’ (Psuedo-F4, 155 = 40.35, p < 

0.001) and there was a significant interaction between sub-region and season (Psuedo-F8, 155 = 

11.02, p < 0.001). This indicated that variation in the number of individual fish detected between 

sub-regions was not consistent across seasons.  
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Figure 12. Bubble plot depicting the number of individual fish detected (greater size infers 

greater number of individual fish) by each receiver monthly in 2009/10. The dashed line 

represents the Clayton Regulator and receivers are ordered from farthest upstream (at the top of 

x axis) to farthest downstream (at the bottom of x axis).   

 

PERMANOVA pairwise comparisons were conducted to determine differences between seasons 

within different sub-regions in 2009. In the >20 km upstream sub-region (Table 5), the peak 

number of individual fish occurred in autumn and winter, with significantly greater numbers of 

fish detected than in following seasons (Figure 12 and Table 5). In both the 5-20 km upstream 

and <5 km upstream sub-regions, peak numbers of individual fish occurred in winter, with 

significantly greater numbers of fish detected than in preceding and following seasons (Figure 12 

and Table 5).  This pattern indicates the commencement of downstream movements in autumn 

2009 at the most upstream tagging locations, with a peak in downstream movement and 

subsequent aggregation immediately upstream of Goolwa Barrage in winter 2009. 
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Table 5. Results of PERMANOVA pairwise comparisons of the number of individual fish 

detected in each season within each ‘sub-region’ in 2009. Significant differences are highlighted (α 

= 0.05). 

Sub-region Pairwise comparison t P 
>20 km upstream Autumn 09 Winter 09 0.18 1 

 Autumn 09 Spring 09 5.69 <0.001 

 Autumn 09 Summer 09-10 5.69 0.003 

 Autumn 09 Autumn 10 4.58 0.003 

 Winter 09 Spring 09 5.06 <0.001 

 Winter 09 Summer 09-10 5.06 <0.001 

 Winter 09 Autumn 10 4.1 0.002 

 Spring 09 Summer 09-10 N/A N/A 

 Spring 09 Autumn 10 N/A N/A 

 Summer 09-10 Autumn 10 N/A N/A 

     

5-20 km upstream Autumn 09 Winter 09 2.5 0.017 

 Autumn 09 Spring 09 1.31 0.24 

 Autumn 09 Summer 09-10 0.09 1 

 Autumn 09 Autumn 10 1.15 0.47 

 Winter 09 Spring 09 2.22 0.044 

 Winter 09 Summer 09-10 2.95 0.005 

 Winter 09 Autumn 10 2.79 0.012 

 Spring 09 Summer 09-10 1.32 0.256 

 Spring 09 Autumn 10 2.02 0.052 

 Summer 09-10 Autumn 10 0.94 0.597 

     

<5 km upstream Autumn 09 Winter 09 5.44 <0.001 

 Autumn 09 Spring 09 1.34 0.256 

 Autumn 09 Summer 09-10 0.06 1 

 Autumn 09 Autumn 10 1.3 0.283 

 Winter 09 Spring 09 5.13 <0.001 

 Winter 09 Summer 09-10 6.6 <0.001 

 Winter 09 Autumn 10 6.4 <0.001 

 Spring 09 Summer 09-10 1.56 0.176 

 Spring 09 Autumn 10 2.6 0.026 

 Summer 09-10 Autumn 10 1.57 0.186 

 

2010 

Similar to 2009, the number of individual fish recorded on each receiver varied between receivers 

and months in 2010, with generally greater numbers of individual fish detected in winter, 

particularly in the vicinity of Goolwa Barrage (Figure 13). This was supported by 

PERMANOVA, which indicated there was a significant difference in the number of individual 

fish detected between ‘sub-regions’ (Psuedo-F5, 273 = 20.38, p < 0.001) and between ‘seasons’ 

(Psuedo-F3, 273 = 46.4, p < 0.001) and there was a significant interaction between sub-region and 

season (Psuedo-F15, 273 = 8.6, p < 0.001). Concurrent with movement patterns from 2009, this 

indicated that variation in the number of individual fish detected between sub-regions was not 

consistent across seasons.  
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Pelican point

Tauwitchere Island

Mulloway Point

Ewe Island

Murray Mouth east

Murray Mouth west

D/S Goolwa Barrage 4

D/S Goolwa Barrage 3

D/S Goolwa Barrage 2

D/S Goolwa Barrage 1

D/S Goolwa Barrage Lock

U/S Goolwa Barrage 1

U/S Goolwa Barrage 2

U/S Goolwa Barrage 3

U/S Goolwa Barrage 4

U/S Goolwa Barrage 5

Currency Creek

D/S Finniss River

Finniss River Ford

U/S Clayton Reg 1

U/S Clayton Reg 2

U/S Mundoo Barrage 1

U/S Mundoo Barrage 2

 

 

Figure 13. Bubble plot depicting the number of individual fish detected (greater size infers 

greater number of individual fish) by each receiver monthly in 2010/11. The top dashed line 

represents the Clayton Regulator and the lower dashed line represents the Goolwa Barrage. The 

Clayton regulator was partially removed in September 2010, whilst gates on Goolwa Barrage were 

also removed in September 2010. Receivers are ordered from farthest upstream (at the top of x 

axis) to farthest downstream (at the bottom of x axis). 
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PERMANOVA pairwise comparisons were conducted to determine differences between seasons 

within different sub-regions in 2010. In the >20 km upstream and 5-20 km upstream ‘sub-

regions’, the peak number of individual fish occurred in autumn and winter, with significantly 

greater numbers of fish detected than in following seasons (Figure 13 and Table 6). In the <5 km 

upstream ‘sub-region’, peak number of individual fish occurred in winter, with significantly 

greater numbers of fish detected than in preceding and following seasons (Figure 13 and Table 

6).  Furthermore, the greatest number of individual fish also occurred downstream of the 

Goolwa Barrage in the <5 km downstream and 5-20 km downstream ‘sub-regions’ in winter 

2010 (Figure 13 and Table 6) (fish tagged in the Coorong were excluded from this analysis as the 

tagging location masked seasonal movement patterns). The general movement pattern exhibited 

by tagged fish in 2010, characterised by commencement of downstream migrations at upstream 

tagging locations in autumn, with peak downstream migration and presence at more downstream 

sites in winter, concurs with data from 2009. Additionally, presence in the 5-20 km downstream 

‘sub-region’, which includes receivers in the vicinity of the Murray Mouth, was also significantly 

greater in winter, indicating potential movements out of the Murray Mouth.  
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Table 6. Results of PERMANOVA pairwise comparisons of the number of individual fish 

detected in each season within each ‘sub-region’ in 2010. Significant differences are highlighted (α 

= 0.05).  

Sub-region Pairwise comparison t P 
>20 km upstream Autumn 2010 Winter 2010 1.34 0.218 

 Autumn 2010 Spring 2010 2.68 0.011 

 Autumn 2010 Summer 2010/11 2.68 0.023 

 Winter 2010 Spring 2010 3.4 0.004 

 Winter 2010 Summer 2010/11 3.4 0.007 

 Spring 2010 Summer 2010/11 N/A N/A 

     

5-20 km upstream Autumn 2010 Winter 2010 2.05 0.068 

 Autumn 2010 Spring 2010 2.77 0.024 

 Autumn 2010 Summer 2010/11 4.94 <0.001 

 Winter 2010 Spring 2010 3.71 <0.001 

 Winter 2010 Summer 2010/11 4.34 <0.001 

 Spring 2010 Summer 2010/11 2.21 0.069 

     

<5 km upstream Autumn 2010 Winter 2010 4.61 0.002 

 Autumn 2010 Spring 2010 1.44 0.21 

 Autumn 2010 Summer 2010/11 0.51 0.9 

 Winter 2010 Spring 2010 3.8 0.002 

 Winter 2010 Summer 2010/11 4.74 0.001 

 Spring 2010 Summer 2010/11 0.99 0.448 

     

<5 km 
downstream 

Autumn 2010 Winter 2010 2.48 0.021 

Autumn 2010 Spring 2010 1.7 0.219 

 Autumn 2010 Summer 2010/11 1 1 

 Winter 2010 Spring 2010 2.35 0.036 

 Winter 2010 Summer 2010/11 2.34 0.024 

 Spring 2010 Summer 2010/11 1.21 0.342 

     

5-20 km 
downstream 

Autumn 2010 Winter 2010 1.98 0.041 

Autumn 2010 Spring 2010 0.81 1 

 Autumn 2010 Summer 2010/11 N/A N/A 

 Winter 2010 Spring 2010 2.2 0.028 

 Winter 2010 Summer 2010/11 1.98 0.033 

 Spring 2010 Summer 2010/11 0.81 1 

     

>20 km 
downstream 

Autumn 2010 Winter 2010 1.26 0.454 

Autumn 2010 Spring 2010 N/A N/A 

 Autumn 2010 Summer 2010/11 N/A N/A 

 Winter 2010 Spring 2010 1.58 0.451 

 Winter 2010 Summer 2010/11 1.26 0.45 

 Spring 2010 Summer 2010/11 N/A N/A 
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4 Discussion 

Movement patterns of female congolli were consistent among individuals and across years.  In 

both 2009 and 2010, female congolli tagged in the freshwater reaches of the Lower Lakes 

exhibited limited movement and strong fidelity to tagging sites through April and early May and 

then undertook rapid downstream movements towards the Coorong estuary from mid May – 

July.  Fish moved as far downstream as possible until confronted with a barrier (i.e. a barrage or 

the Clayton Regulator) and either remained above the barrier or moved back upstream and 

searched for an alternative route to the estuary. 

 

The abundances of tagged fish congregating upstream of barriers was highest in winter (June – 

August), peaking in August.  When connectivity through a barrage was facilitated (e.g. through 

the Goolwa Barrage boat lock) congolli continued downstream and were last detected on a 

receiver adjacent to the river mouth (Murray Mouth).  It was not possible to deploy an acoustic 

receiver outside the river mouth but we suggest that these fish moved out of the Murray Mouth 

into the Southern Ocean.  Female congolli tagged in the Coorong estuary in 2010 displayed 

similar behaviour, although movement towards the Murray Mouth commenced earlier, from late 

April. 

 

Timing of downstream migration in the Lower Lakes and Coorong was similar to that observed 

by Crook et al. (2010), in the Bunyip River and Darlots Creek/Fitzroy River estuary in Victoria, 

Australia.  Our findings, along with those of Hortle (1978) and Crook et al. (2010) provide strong 

evidence that female congolli are catadromous and undertake downstream spawning migrations 

to marine environments in late autumn through winter, across their known range in south-

eastern Australia.  

 

Also in concurrence with the findings of Crook et al. (2010), when connectivity was facilitated 

between the Lower Lakes and the Coorong, congolli moved rapidly through the estuary and out 

the river mouth.  Furthermore, congolli tagged in the Coorong estuary also moved out the river 

mouth. No return movements, to the estuary or freshwater environments, were detected despite 

acoustics tags having 3-4 months battery life post the fish leaving the estuary. 

 

The spawning location and fate of female fish once they have spawned remains unexplored and 

form important questions for future research.  Given the lack of return movements in our 

investigation, and by Crook et al. (2010), it is probable that female congolli are semelparous and 

die after spawning.  Indeed semelparity appears to be a common trait amongst catadromous fish 

being exhibited by anguillid eels and galaxiid species (McDowall et al. 1994; Dannewitz et al. 
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2005).  The movement patterns of reproductively mature male congolli remain unresolved.  If 

females migrate to sea to spawn males must also; however, size constraints of acoustic tags have 

prevented male congolli (which are generally <150 mm long) from being tagged.  Nevertheless, 

advances in tagging technology should facilitate the acoustic tagging of male congolli in the near 

future (see Brown et al. 2010).  

 

The factors that initiate downstream movement of female congolli remain uncertain.  Individuals 

migrate in an asynchronous manner from late autumn through to mid winter.  Crook et al, (2010) 

suggest that increased flow or ‘freshes’ during the migration period (late May to late July) may 

provide proximate cues for migration.  Over the course of our study, however, freshwater flow 

was absent in the Lower Lakes and Coorong, with the exception of minor flows in Currency 

Creek and the Finniss River, yet fish consistently migrated.  Whilst increased flows may not 

necessarily be a migratory cue, they are essential in maintaining connectivity in ephemeral 

streams, facilitating passage through regulating structures (e.g. tidal barrages) and keeping river 

mouths open. 

 

There is not complete spatial sexual segregation of congolli.  Although reproductively mature 

male fish are rare in freshwater reaches of rivers, reproductively mature female fish may reside in 

estuaries (Piddington 1964; Hortle 1978).  In April 2010, we tagged 10 reproductively mature 

female congolli in the Coorong estuary.  These fish displayed limited movement for 1–3 months 

then five fish migrated rapidly to the river mouth and presumably to the Southern Ocean.  This 

suggests these fish were resident in the estuary prior to undertaking a seawards spawning 

migration rather than being originally captured whilst they were transitioning through the estuary.   

 

The presence of resident female fish in the estuary has important implications for population 

resilience.  Despite the total closure of the tidal barrages from early 2007 – September 2010 and 

impediment of downstream movements of females from freshwater, the presence of females in 

the estuary and subsequent movement to marine environments suggest that spawning was 

possible.  Nevertheless, during this period the abundance of YOY attempting to migrate 

upstream decreased dramatically (Zampatti et al., 2010).  The potential for marine migration and 

spawning by estuarine resident females may facilitate low-level recruitment that may infer short-

term population resilience to drought conditions and limited connectivity. 

 

Regulating structures in the lower River Murray had a significant impact on the downstream 

migration of female congolli.  The closure of Goolwa and Mundoo Barrages prevented all 

congolli tagged in the freshwater Lower Lakes and tributaries from accessing the Coorong and 

Southern Ocean. Furthermore, the Clayton Regulator presented an additional barrier that not 
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only prevented downstream movement but ultimately constrained fish that appeared to be 

actively searching for other migratory routes to the Goolwa Channel. 

 

The operation of the Goolwa Barrage boat lock from late July –early August 2010 proved to be a 

successful emergency measure to facilitate the downstream movement of congolli accumulating 

upstream of the Goolwa Barrage.  Nevertheless, not all acoustically tagged congolli moved 

through the lock suggesting that fish could either not find the lock entrance, or by September 

had lost the motivation to migrate.  Facilitating downstream fish passage is often a more complex 

task than facilitating upstream passage, particularly in terms of directing individuals into the fish 

passage structure (Schilt 2007). An acoustic telemetry study by Carr and Whoriskey (2008) 

demonstrated that downstream migrations of catadromous American eels past a dam wall on the 

Magaguadivic River, Canada, were largely not facilitated despite the presence of a newly 

constructed downstream fish bypass structure. The majority of eels passed the dam by other 

means (i.e. turbines, which ultimately led to 100% mortality) or migration was delayed, with 

multiple approaches required by fish to locate the dam bypass.   

 

Impediments to migration may result in diminished motivation to migrate, as suggested by the 

current study, and may in turn result in the failure to spawn, thus impacting reproductive success. 

Croze (2005) found that anadromous Atlantic salmon that were confronted with man-made 

barriers on their spawning migrations, displayed erratic movements, often leaving the target river, 

resulting in <5% of the spawning population reaching suitable spawning grounds.  Furthermore, 

it has been suggested that delayed access to spawning grounds in Atlantic salmon can result in 

over-ripening of gonads which may impact egg viability, spawning behaviour and spawning 

capacity (de Gaudemar and Beall 1998; Thorstad et al. 2008). 

 

The results of this study concur with the findings of Hortle (1978) and Crook et al. (2010) and 

suggest that congolli exhibit similar population dynamics, life histories and movement patterns 

across their distribution in south-eastern Australia.  Our results support the hypothesis that 

female congolli would undertake downstream migrations from the freshwater reaches of Lake 

Alexandrina to the Coorong estuary in autumn/winter and that physical barriers, such as barrages 

and earthen levies, would impede these movements.  Movements were generally consistent 

between individuals and temporally consistent between years.  Reproductively mature female 

congolli resided predominantly in freshwater but also in the estuary, and exhibit limited 

movement between October and April.  From late April, activity increased and congolli 

undertook rapid downstream movements towards the river mouth between May and July.  If 

these movements were obstructed by a barrier congolli were prevented from reaching the 

Southern Ocean and spawning.  
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Obstruction of congolli spawning migrations, resulting from physical disconnection of the Lower 

Lakes from the Coorong estuary and Southern Ocean from 2007 – 2010, likely led to the 

significant decline observed in congolli recruitment in the region (Zampatti et al. 2010).  To 

restore and maintain congolli populations in the MDB, connectivity between the Lower Lakes 

and Coorong should be facilitated over the peak downstream migration period for female 

congolli (June-August) to enable access to spawning habitats. Schilt (2007) suggests that both 

anadromous and catadromous species do not migrate downstream through fishways designed for 

upstream passage in appreciable numbers and thus facilitating the downstream passage of female 

congolli may require a strategic approach that includes the opening of barrage gates in addition to 

fishways. Additionally, any solution to increase spatio-temporal connectivity in the Lower Lakes 

and Coorong region for diadromous fish must also facilitate the upstream movement of young-

of-year life stages, from estuarine to freshwater environments, in late spring and summer. 

 

Management and research priorities arising from this investigation of congolli movement in the 

Coorong and Lower Lakes are outlined below. 

 

Management Implications 

– Effective upstream and downstream fish passage is required at all of the lower Murray 

Barrages.  Provision of downstream passage should not be limited to fishways and 

should include barrage gates.  

– Environmental water allocations are essential to facilitate connectivity in ephemeral 

tributary streams and between freshwater, estuarine and marine habitats (including the 

operation of fishways). 

– During periods of limited water availability downstream fish passage should at least be 

facilitated via fishways and/or barrage gates between June and September and upstream 

passage via fishways between November and January. 

– If temporary regulating structures are constructed these should include provision for the 

upstream and downstream passage of diadromous fish. 

 

Further Research 

– Migratory movements of male congolli. 

– Location of spawning sites in marine environments (i.e. outside of the Murray Mouth). 

– Fate of male and female congolli once spawning has occurred.  Are congolli 

semelparous? 

– Behaviour of female congolli in the vicinity of fishways and open barrage gates and 

effectiveness and efficiency of these structures in facilitating downstream passage. 
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