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Introduction 

Pouched lamprey (Geotria australis) and short-headed lamprey (Mordacia mordax) are the only 

anadromous fish species native to the Murray-Darling Basin. Their life-history is characterised by a 

parasitic marine adult life-stage, followed by large-scale upstream spawning migrations into freshwater 

habitats (McDowall 1996).  Juveniles (ammocoetes) are filter feeders, living in mud or silt substrates in 

freshwater riverine habitats prior to metamorphosis and downstream migration to marine habitats. Whilst 

there is limited knowledge of southern hemisphere lamprey, evidence from northern hemisphere species 

suggests that upstream migrations are largely mediated by olfactory cues in river outflows, including for 

some species (e.g. sea lamprey (Pteromyzon marinus)), odours from conspecific juveniles (Bjerselius et al. 

2000, Vrieze et al. 2010). Consequently, the life-history strategy of lamprey is fundamentally dependent 

upon connectivity between marine and freshwater environments, and the provision of freshwater flows and 

resulting olfactory migratory cues. As such, lamprey are highly vulnerable to the obstruction of migratory 

pathways by regulatory structures and diminished freshwater flows to estuaries as a result of water 

abstraction. 

Anecdotal evidence suggests pouched and short-headed lamprey formally migrated upstream to spawn in 

large numbers in the River Murray (Lintermans 2007), but they are now rare. Additionally, lamprey may 

migrate over relatively narrow time periods, and when coupled with low abundance, both species may be 

difficult to detect using standard fish sampling techniques in a large river like the lower Murray. The 

trapping of fishways on barriers to migration, during the migration season, alleviates some of these issues 

as individuals are forced to pass upstream through the fishways. 

Moderate numbers (n = 40) of adult short-headed lamprey and a single adult pouched lamprey were 

collected migrating upstream through the Murray Barrage fishways between September and November 

2006, during low freshwater discharge (Bice et al. 2012). Following cessation of freshwater discharge to 

the Coorong and closure of fishways in March 2007, despite extensive sampling effort, no adult lampreys 

were sampled over the period 2007–2011. Nonetheless, sampling over this period was largely confined to 

spring/summer (i.e. October–January), with evidence from eastern states suggesting upstream migration 

occurs primarily in winter (McDowall 1996).  

In 2011, following the return of considerable freshwater flows and increased connectivity, low numbers (n 

= 9) of pouched lamprey were sampled at the barrage fishways during specific winter monitoring in 

July/August and a single short-headed lamprey was sampled in November (Bice et al. 2012). Of the 

pouched lamprey sampled, six were implanted with PIT (passive integrated transponder) tags, and one 

individual was detected migrating through the vertical-slot fishway at Lock and Weir 1 in October 2011. 
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Subsequently, during specific winter sampling in 2013, a further two pouched lamprey were sampled and 

implanted with PIT tags, but neither of these individuals were subsequently detected on fishway PIT reader 

systems.  

The objective of the current study was to further investigate the upstream movement of pouched lamprey 

and short-headed lamprey at the Murray Barrages, and subsequently in the River Murray, in 2015. Using 

the barrage fishways as a sampling tool we specifically aimed to, 

1) Determine the number of pouched lamprey and short-headed lamprey migrating upstream at 

fishways on Goolwa and Tauwitchere Barrages, and Hunters Creek causeway, over three sampling 

weeks in winter 2015; and 

2) Surgically implant lampreys with PIT tags to allow detection on the River Murray fishway PIT 

reader systems should these fish migrate upstream in the River Murray 

Additionally, knowledge of general fish movement at the Murray Barrages in winter is limited, with 

previous investigations predominantly focusing on the spring–early autumn period (Zampatti et al. 2010, 

Bice et al. 2012, Zampatti et al. 2012). Thus, a secondary aim was to document the general movement of 

fishes through the barrage fishways over this time period. 
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Method 

Fish were sampled at the entrance of vertical-slot fishways at Tauwitchere Barrage (both small and large 

vertical-slot fishways, 35°35’09.35’’S, 139°00’30.58’’E), Goolwa Barrage (35°31’34.44’’S, 

138°48’31.12’’E) and Hunters Creek causeway (35°32’07.08’’S, 138°53’07.48’’E). The entrances of the 

four vertical-slot fishways were sampled using aluminium-framed cage traps, designed to fit into the first 

cell of each fishway (Tauwitchere small vertical-slot: 1.2 m long x 1.6 m wide x ~1.0 m depth and 0.2 m 

slot widths. Tauwitchere large vertical-slot: 2.3 m long x 4.0 m wide x ~0.8 m depth and 0.3 m slots. Goolwa 

large vertical-slot: 2.6 m long x 3.6 m wide x ~3.6 m depth, 0.3 m slot widths. Hunters Creek : 1.6 m long 

x 1.6 m wide x ~0.6 m depth and 0.1 m slot widths) (Figure 1). The trap for the large vertical slot fishways 

at Goolwa and Tauwitchere were covered with 6 mm knotless mesh and featured a double cone–shaped 

entrance configuration (each 0.39 m high x 0.15 m wide) to maximise entry and minimise escapement. 

Traps for the small vertical-slot fishways at Tauwitchere and Hunters Creek were covered with 3 mm 

knotless mesh with single cone–shaped entrances (each 0.75 m high x 0.11 m wide).   

Trapping was conducted over three weeks in winter 2015: 1) 22–26 June; 2) 21–24 July; and 3) 10–14 

August. Each fishway was sampled overnight for three to four nights each week, with the large vertical-

slot traps deployed and retrieved using mobile cranes. Each individual fish sampled was identified to 

species and counted, and a random sub-sample of 50 individuals were measured to the nearest mm (total 

length, TL) to represent the size structure of the population. Any pouched lamprey or short-headed lamprey 

collected, were implanted with a PIT (Passive Integrated Transponder) tag (Texas Instruments RI-TRP-

REHP half-duplex eco-line glass transponders 23.1 mm x 3.85 mm, 0.6 g in air). Lamprey were 

anaesthetized in a 0.05 ml L–1 solution of AQUI-S in a 100 L dosing tank prior to tagging. A small incision 

was made slightly off centre on the ventral surface, to access the peritoneal cavity, and the PIT tag inserted. 

The incision was closed with Vetbond® surgical glue, and lamprey released upstream following full 

recovery. 
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a)     b) 

  

Figure 1. a) Trap used to sample the Tauwitchere Barrage small vertical-slot fishway and b) the large 

vertical-slot fishway trap being deployed at Goolwa Barrage. 
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Results 

Hydrology 

Discharge from the Murray Barrages was variable throughout winter 2015 (Figure 2), with periods of zero 

discharge the result of reverse head differential (i.e. greater water level in the Murray estuary than the Lower 

Lakes) and barrage closure due to conditions of high tide and large swell. Prior to sampling in June 2015, 

discharge was predominantly <1000 ML.day-1 and ranged 795–928 ML.day-1 during sampling. Prior to 

sampling in July, discharge was variable ranging 0–9446 ML.day-1, and ranged 4300–7100 ML.day-1 during 

sampling. Discharge was also variable in August 2015, but was characterised by two flow peaks of 

approximately 10,000 ML.day-1 and 18,000 ML.day-1, prior to sampling, when discharge ranged 160–571 

ML.day-1.  All fishways remained open during the sampling period. 

 

Figure 2. Total barrage discharge (ML.day-1) from 01/05/2015 to 30/09/2015. Sampling events are 

indicated by shaded bars. 

Catch summary 

A total of 20,707 fish were captured from 11 sampling events of the four fishways, comprising 20 species 

(Table 1). A total of 16 species were sampled from the Tauwitchere large vertical-slot, 14 species from the 

Hunters Creek vertical-slot, 13 species from the Goolwa vertical-slot and 7 species from the Tauwitchere 

small vertical-slot. The freshwater migrant Australian smelt (Retropinna semoni) was the most abundant 

species sampled (~50% of the total catch), followed by the marine migrant sandy sprat (Hyperlophus 

vitattus, ~15%), catadromous congolli (Pseudaphritus urvilli, ~10%) and common galaxias (Galaxias 

maculatus, ~8%), and estuarine lagoon goby (Tasmanogobius lasti, ~10%, Table 1), with only low numbers 

of the remaining species sampled (Table 1). 
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Table 1 Summary of species and total number of fish sampled from the entrances of the Tauwitchere large vertical-slot, Tauwitchere small 

vertical-slot, Goolwa vertical-slot and Hunters Creek vertical-slot from 22 June to 14 August 2015. Species are categorised using estuarine 

use functional groups from Elliott et al. (2007). 

Common 

name 

Scientific Name Functional  

group 

Tauwitchere 

large vertical-

slot 

Tauwitchere 

small 

vertical-slot 

Goolwa 

vertical-

slot 

Hunters 

Creek 

vertical-

slot 

Length 

range 

(mm) 

Total 

Pouched 

lamprey 
Geotria australis Anadromous 20 3 32 1 518–620 56 

Short-headed 

lamprey 
Mordacia mordax Anadromous - - - - - 0 

Congolli Pseudaphritis urvillii Semi-catadromous 965 86 933 100 48–214 2,084 

Common 

galaxias 
Galaxias maculatus Semi-catadromous 553 307 175 712 41–155 1,747 

Golden perch Macquaria ambigua ambigua Freshwater migrant - - 3 1 231–407 4 

Bony herring Nematalosa erebi Freshwater migrant 196 - 2 - 28–106 199 

Australian 

smelt 
Retropinna semoni Freshwater migrant 3778 162 6054 14 28–82 10,008 

Flat-headed 

gudgeon 
Philypnodon grandiceps Freshwater migrant 450 4 89 8 18–74 551 

Dwarf flat-

headed 

gudgeon 

Philypnodon macrostomus Freshwater straggler 3 - 5 - 34–43 8 

Common carp Cyprinus carpio Freshwater straggler - - - 7 307–502 7 

Goldfish Carrasius auratus Freshwater straggler - - - 2 207–27 2 

Redfin perch Perca fluviatilis Freshwater straggler 1 15 14 7 78–112 37 

Eastern 

gambusia 
Gambusia holbrooki Freshwater straggler 1 - - - 26 1 
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Table 1 continued. 

Common 

name 

Scientific Name Functional  

group 

Tauwitchere 

large vertical-

slot 

Tauwitchere 

small 

vertical-slot 

Goolwa 

vertical-

slot 

Hunters 

Creek 

vertical-

slot 

Length 

range 

(mm) 

Total 

Black bream Acanthopagrus butcherii Estuarine 4 - - - 398–421 4 

Tamar River 

goby 
Afurcagobius tamarensis Estuarine 1 - - 9 25–75 10 

Lagoon goby Tasmanogobius lasti Estuarine 1839 10 185 5 23–55 2,039 

Bridled goby Arenogobius bifrenatus Estuarine 9 - - - 31–68 9 

Blue-spot 

goby 
Pseudogobius olorum Estuarine 18 - - - 25–48 18 

Small-

mouthed 

hardyhead 

Atherinosoma microstoma Estuarine 32 - 5 246 21–78 283 

Sandy sprat Hyperlophus vitattus Marine migrant 1602 - 1509 33 28–56 3,144 

Yellow-eyed 

mullet 
Aldrichetta forsteri Marine migrant - - 493 3 32–105 496 

  Total 9473 587 9499 1148  20,707 
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Abundance and upstream movements of lamprey 

A total of 56 adult pouched lamprey (518–620 mm TL) (Figure 1) were sampled from fishways on the 

Murray Barrages in winter 2015 (Table 1). The greatest numbers were sampled from the Goolwa vertical-

slot, followed by the Tauwitchere large vertical-slot, Tauwitchere small vertical-slot and Hunters Creek 

vertical-slot (Table 1). The number of pouched lamprey sampled also varied temporally between the three 

sampling trips (Figure 4), with the greatest number of individuals sampled in July, fewer individuals 

sampled in August and no individuals sampled in June. No short-headed lamprey were sampled during 

monitoring in winter 2015. 

 

 

 

Figure 3. Adult pouched lamprey in the Tauwitchere large vertical-slot fishway entrance trap on the 24th 

July 2015. 
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Figure 4. Number of adult pouched lamprey sampled during monitoring events in June 2015, July 2015 

and August 2015 at the Goolwa vertical-slot (GVS), Tauwitchere large vertical-slot (TVS), Tauwitchere 

small vertical-slot (TSVS) and Hunters Creek vertical-slot (Hunters). 

 

Of the 56 pouched lamprey sampled, 55 were implanted with PIT tags. Subsequently, a total of 25 

individuals were detected by PIT readers on one or more main channel weir fishways on the River Murray 

between Lock and Weir 1 and 11 (Table 1).  All pouched lamprey detected on fishway PIT systems were 

tagged during the July 2015 sampling trip, with no detections of the 10 individuals tagged during August 

2015. The number of pouched lamprey detected on individual fishways typically decreased with increasing 

distance upstream, with the exception of Lock 7 and Lock 9, which detected greater numbers of individuals 

than the immediate downstream Lock and Weir. The greatest distance travelled was ≥878 km, by an 

individual detected at Lock 11 (Mildura), whilst four individuals (7% of tagged lamprey) traveled ≥832 

km, being detected at Lock 10 (Wentworth). Over 30% of individuals traveled ≥500 km upstream. Pouched 

lamprey were detected migrating through fishways from 01/08/2015 to 09/12/2015, with the temporal 

period of detections on each fishway typically increasing with increasing distance upstream. 

 

 

Table 2. Summary of the number of pouched lamprey detected on each fishway PIT reader system from 

Lock 1 to Lock 11. The distance of each Lock and Weir from the Murray Mouth (middle thread distance 

(MTD), km) and the date range over which individuals were detected is also presented.  
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Lock and Weir No. Km from Murray 

Mouth (MTD) 

No. of pouched 

lamprey detected 

Date range of detections 

1 274 25 01/08/2015–18/09/2015 

2 362 22 07/08/2015–02/10/2015 

3 431 22 09/08/2015–04/10/2015 

4 516 19 12/08/2015–26/09/2015 

5 562 7 14/09/2015–18/10/2015 

6 620 5 18/08/2015–13/10/2015 

7 697 9 20/08/2015–05/11/2015 

8 726 5 28/09/2015–01/11/2015 

9 765 7 22/08/2015–17/11/2015 

10 832 4 24/08/2015–09/12/2015 

11 878 1 26/09/2015 
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Discussion 

 In winter 2015, pouched lamprey were sampled in the greatest numbers since regular sampling of 

the Murray Barrage fishways commenced in 2006, with the greatest number sampled from the large 

vertical-slot fishways at Goolwa and Tauwitchere. This suggests these fishways provide greater 

attraction to migrating lamprey than the small vertical-slot fishways at Tauwitchere and Hunters 

Creek. 

 Pouched lamprey were sampled in greatest numbers in July, with fewer sampled in August and 

none detected in June. Previous dedicated lamprey sampling in 2011 and 2013 detected pouched 

lamprey in late June and July. Although this combined dataset is temporally limited, it suggests 

July may be the peak upstream migration period for pouched lamprey at the Murray Barrages.  Peak 

migration also coincided with a period of variable discharge from 0–10,000 ML.day-1. 

 Short-headed lamprey were absent from the catch during winter sampling in 2015. During past 

sampling, this species has been detected from September to November (Bice and Zampatti 2015), 

suggesting the species may migrate upstream at the Murray Barrages later than pouched lamprey.  

Dedicated sampling from August to November may be required to detect this species. 

 A large proportion of PIT tagged pouched lamprey (45%; 25 individuals) were detected on PIT 

readers on the Murray fishways and traveled considerable distances upstream (274–878 km). 

Numbers detected generally decreased with increasing distance upstream. This is likely a result of 

either cessation of migration or potentially mortality (e.g. predation). 

 In some instances, the number of individuals detected at a Lock and Weir was greater than at the 

preceding (downstream) Lock and Weir. This suggests that several individuals passed through fish-

locks and/or navigation locks (neither of which have PIT readers); indeed, several lamprey were 

observed utilising the fish-lock at Lock 5 in September 2015 (Pers. Comm. Robbie Bonner). 

Nonetheless, the majority of migrating individuals passed through the vertical-slot fishways. 

 All pouched lamprey detected on fishways were tagged during the July 2015 sampling trip, whilst 

all 10 lamprey tagged in August 2015 were not detected. Furthermore, 20 lamprey tagged in July 

were also not detected. These individuals were likely not detected due to either cessation of 

migration downstream of Lock 1, potentially to spawn, or mortality (e.g. predation). 

 Whilst pouched lamprey were captured migrating upstream at the Murray Barrages in July and 

August 2015, upstream migration in the lower Murray River continued over a period of 4–5 months, 

with the last individual detected at Lock and Weir 10 in December 2015.   
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Conclusion 

 The anadromous life-history of lamprey dictates that they are highly vulnerable to the impacts of 

fragmentation. Consequently, attraction to and passage through the Murray Barrages is likely the 

primary determinant of the spatial distribution and population dynamics of lamprey in the MDB. 

 Pouched lamprey may migrate over vast distances (100s–1000s km) and thus, their life-history 

operates over large spatial-scales (i.e. the southern connected basin or greater), and will be 

influenced by river management over similar spatial-scales. 

 Given the importance of olfactory cues in the migration of other lamprey species, the source of 

water flowing in the lower River Murray and from the barrages may influence the nature of 

migration (i.e. the migratory route undertaken by individuals may be influenced by source 

water).Water released from the Murray Barrages in winter 2015 was largely comprised of 

environmental water delivered from the Goulburn River. Whilst unsubstantiated, this ‘source 

water’ may have contributed to the abundance of pouched lamprey sampled and migratory extent 

observed.  

 The location of pouched and short-headed lamprey spawning sites remains unknown. Based on 

data collected in 2015, spawning sites for pouched lamprey could be broadly distributed from Lake 

Alexandrina to the River Murray and its tributaries upstream of Mildura. Further investigation of 

the movements of this species with acoustic telemetry could provide finer resolution on movement 

patterns and may elucidate these questions. Furthermore, dedicated sampling from August–

November may provide further insight on the abundance and migration of short-headed lamprey. 

 This project has provided significant new information on fish movement at the Murray Barrage 

fishways during winter and these data support the year round release of freshwater through the 

Murray Barrages. In regards to winter environmental water delivery, limited upstream demands 

during this period (i.e. for irrigation and/or floodplain regulator operation, e.g. at Chowilla) bode 

well for future winter water releases that maintain longitudinal connectivity of flow (i.e. from 

source to sea). 
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