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Summary 
The aim of this study was to improve our understanding of river-scale fish movement in response 

to river flow and water temperature change, and to evaluate whether planned environmental water 

management actions influenced fish movement. We monitored the movement of 2 fish species, 

freshwater catfish (Tandanus tandanus) and Murray cod (Maccullochella peelii), in 2 river reaches 

in the Gwydir catchment in northern NSW between 2016 and 2020. 

Environmental flow rules are determined in the Water Sharing Plan for the Gwydir Regulated River 

Water Source 2016. The plan includes targeted environmental objectives to protect and enhance 

fish movement in this river system. We undertook this study to: 

• improve our understanding of river-scale fish movements in response to flow and 

temperature 

• evaluate whether planned environmental water management actions contributed to river-

scale fish movement.  

This study was completed by NSW Department of Primary Industries – Fisheries and funded by 

the NSW Department of Planning, Industry and Environment and the Commonwealth 

Environmental Water Office. 

 

Figure 1. a) The iconic Murray cod (Photo Guo Chai Lim 
www.flickr.com/photos/guochai/1292824702), b) the increasingly rare Murray–Darling Basin 
freshwater catfish (Photo Gunther Schmida) 

What did we study? 

The study initially captured, tagged, and released the target fish species from the reaches of the 

Gwydir and Mehi Rivers. Arrays of acoustic receivers were deployed in a reach of both rivers to 

detect the tagged fish. In 2016, 10 Murray cod and 20 freshwater catfish were released in each 

array. In 2018, 10 of each species were released within the array for each river system.  

We correlated data on the observed fish movement with information on environmental flow and 

water temperature, creating models to investigate fish movement responses to changes in their 

environment.  

We used the model and observed fish movement to assess periods of interest, such as periods 

when planned environmental water was protected and managed by NSW water sharing plans. This 

included supplementary flow events, flows from the environmental contingency allowance in 

Copeton Dam, protected unregulated tributary flows (3T rule), and a temporary water restriction to 

protect flows associated with heavy rainfall in early 2020. 

https://www.flickr.com/photos/guochai/1292824702
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Our findings 
The modelling indicated that the probability and distance of movement was significantly related to 

several environmental and biological characteristics for both species. There was a stronger 

relationship between these variables and the probability a fish would move than the distance it 

moved.  

Murray cod were more likely to move during an environmental flow event and were more likely to 

move further at higher flow rates. They were also more likely to move during the breeding season. 

Similarly, freshwater catfish were more likely to move during higher river discharge.  

Interestingly, the model predicted a lower likelihood of freshwater catfish movement during an 

environmental flow that followed another period of higher flow (for example, summer irrigation 

flows). Both species showed increased activity in response to the use or protection of planned 

environmental water.  

What does this mean for water management? 

Neither Murray cod nor freshwater catfish use flow as a cue for spawning. However, the study 

showed that flow influences the movement of both species into new habitats, along with other 

factors including the location, water temperature, sex and breeding period.  

The observed responses to the periods of interest showed the importance of water sharing plan 

management actions that protect natural flows. We detected more fish moving during 

supplementary events and protected tributary flows than during releases from the Copeton Dam 

Environmental Contingency Allowance. This is likely due to the natural cues (temperature and 

water quality) associated with supplementary events and the protected tributary flows.  

The movement of fish to new river habitats allows native fish to access new food resources and 

breeding sites, protects genetic diversity and ultimately increases the distribution of native fish. It is 

critical that water management supports these outcomes now and into the future. 
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Project details 
River flow is a strong behavioural cue for freshwater fish movement (Koster et al. 2018). It 

facilitates fish movement through increased connectivity (Marshall et al. 2016), enabling individual 

fish to find habitats most suitable for their survival and growth (Schlosser 1998). 

At a broader scale, flow allows migration between different habitats. This is essential to provide fish 

access to habitats needed at different life-history stages (Schlosser 1998). Also, increases in river 

flow can inundate and enable access to refugia zones during extreme events (Schaefer et al. 

2003), allowing gene flow within and between species’ populations (Heggenes et al. 2006). It 

facilitates the re-colonisation of areas where a species may have been wiped out (Anderson and 

Quinn 2007).  

The alteration of flow caused by human influences is possibly the largest threat to riverine 

ecosystems across the globe (Bunn and Arthington 2002). However, the infrastructure responsible 

for flow alteration is often necessary to sustain urban, industrial and agricultural activities (Poff et 

al. 1997). This means we need to take a more impartial and efficient approach water management 

to ensure the health of riverine ecosystems is balanced with social and economic needs. 

Environmental flow releases are used in regulated rivers with the intention of benefiting native 

plants and animals. However, we don’t fully understand the outcomes for biodiversity and the 

mechanisms that underpin changes resulting from these manipulations (Konrad et al. 2011; 

Murchie et al. 2008). Although the effectiveness of environmental flows in enhancing spawning and 

recruitment of fish has been demonstrated in several studies (King et al. 2010; Zampatti and Leigh 

2013), most assessments have been carried out separately from any measurement of fish 

movement. 

Project aims and rationale 
Bio-telemetry (the remote measurement of behaviour or physiology) is used extensively by 

fisheries scientists to investigate fish movement. There are several active acoustic bio-telemetry 

programs throughout the Murray–Darling Basin. 

This study assessed the movement responses of Murray cod (Maccullochella peelii; Figure 1a) and 

freshwater catfish (Tandanus tandanus; Figure 1b) in relation to changes in flow and temperature 

in the lower Gwydir and upper Mehi rivers. Both systems are managed in part under the Water 

Sharing Plan for the Gwydir Regulated River Water Source 2016. 

Freshwater catfish in the Murray–Darling Basin are an endangered population listed under the 

NSW Fisheries Management Act 1994. Murray cod are listed as vulnerable under the 

Commonwealth Environmental Protection of Biodiversity and Conservation Act 1999. There is 

limited information on how the 2 species respond to changes in river flow and water temperature in 

the northern Murray–Darling Basin, especially when such changes are associated with 

environmental water management activities. 

The project was undertaken by NSW Department of Primary Industry – Fisheries and funded by 

NSW Department of Planning, Industry and Environment and the Commonwealth Environmental 

Water Office. The study employed acoustic telemetry to record the movements of Murray cod and 

freshwater catfish in the Gwydir and Mehi rivers from 2016 to 2020. 
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The specific aims of this project were to: 

• improve our understanding of river-scale fish movement in response to flow and 

temperature 

• evaluate whether planned environmental water management actions contributed to river-

scale fish movement, which include: 

o water take restrictions under Section 324 of the Water Management Act 2000 NSW 

o supplementary water events 

o high flows into the Gwydir/Mehi rivers from the unregulated Halls Creek, Myall 

Creek and Horton River (3T flows) 

o releases from the Gwydir Environmental Contingency Allowance (ECA). 

Periods of interest associated with environmental water 
management actions 
In early 2020, a temporary water restriction was gazetted under Section 324 of the NSW Water 

Management Act 2000 to protect from extraction flows associated with rainfall in the Gwydir 

catchment. The Section 324 event began on 20 January 2020 and ended on 28 February 2020. in 

Table 1 shows this event, along with other periods of interest associated with planned 

environmental water management actions connected with the water sharing plan. 

The periods of interest associated with water sharing plan management actions included: 

• supplementary events, where flows in response to rainfall events are split evenly between 

environmental flows and supplementary access for licenced water users 

• flows from the ECA in Copeton Dam, which can be released from the dam to support 

various environmental values, including native fish populations and habitat, and threatened 

species 

• events that support clause 13 of the water sharing plan, which requires that the minimum 

flow passed through to the Gwydir wetlands be the lesser of: 

o the sum of flows in the Horton River at Rider, Myall Creek at Molroy, and Halls 

Creek at Bingara (referred to as 3T flows), plus any water spill or pre-release for 

flood mitigation purposes from Copeton Dam water storage 

o 500 megalitres per day. 

For the purposes of this project, the periods of interest assessed were those where the 3T flows 

exceeded 500 megalitres per day. This resulted in the water being protected as environmental 

flows. 

In addition to the environmental water management actions, we have included a period of elevated 

discharge from Copeton Dam as a period of interest in Table 1. This is because of the observed 

influence of the discharges on water temperatures in the Gwydir River. 
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Table 1. Periods of interest associated with environmental water management actions 

Event type Date range Gwydir: Total 
event volume 
(ML) 

Gwydir: Average 
discharge 
(ML/day) 

Gwydir: 
Range 
(ML/day) 

Mehi1: Total 
event volume 
(ML) 

Mehi1: Average 
discharge 
(ML/day) 

Mehi1:  
Range 
(ML/day) 

Section 3242  20/01/2020–
28/02/2020 

19,938 498 7–6,210 17,967 449 6–3,315 

Supplementary flow 26/08/2016– 
05/11/2016 

165,390 2,297 260–37,776 92,350 1,283 39–3,299 

Supplementary flow 18/03/2017– 
28/03/2017 

7,135 649 197–2,560 4,678 425 75–1,847 

3T flows exceeding 
500 ML/day 

23/06/2016– 
02/07/2016 

11,171 1,117 536–2,121 617 62 45–85 

3T flows exceeding 
500 ML/day3 4 

26/08/2016– 
13/10/2016 

154,674 3,157 367–37,776 86,199 1,759 262–3,299 

3T flows exceeding 
500 ML/day3 

02/07/2017– 
04/07/2017 

2,303 768 527–1,182 2,277 759 545–1,040 

3T flows exceeding 
500 ML/day3 

15/10/2017– 
18/10/2017 

3,017 754 507–929 7,347 1,837 909–2,687 

3T flows exceeding 
500 ML/day3 5 

13/02/2020– 
18/02/2020 

13,615 2269 488–6,210 11,951 1,992 823–3,315 

ECA 18/07/2018– 
24/10/2018 

46,845 473 13–593 12266 1116 28–1956 

Other7 15/12/2017– 
31/01/2018 

34,612 721 53–1,245 101,223 2,109 1,101–
2,532 

 

                                                 
1 Downstream of Tareelaroi regulator 
2 Floodplain harvesting was exempt from the Section 324 order between 10 and 13 February 2020 and 21 and 28 February 2020. 
3 Dates shown are 3 days after the 3T flow records to allow for the travel time of the flows to the study area. 
4 This period is included in the earlier supplementary flow event detailed above. 
5 This period is included in the Section 324 event date range. 
6 Based on ECA flows for Mehi River between 6 and 16 September 2018. 
7 The discharge rate from Copeton Dam during this period remained above 3,000 ML/day, resulting in reduced water temperatures observed at Yarraman Bridge. 
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Methods 
The lower Gwydir and Mehi Rivers (Figure 2) are intermittent rivers in the northern Murray–Darling 

Basin, New South Wales (NSW). The rivers typically do not exceed 25 metres in width and 

3 metres in depth. Both rivers are heavily regulated, with several weirs present throughout both 

systems, ranging from 3 to 15 metres in height (Figure 2). The surrounding catchment is used 

intensively for irrigated-agriculture and water from the river is also used for stock-and-domestic 

purposes (Southwell et al. 2017). 

In addition to the water sharing plan management actions, the system also receives environmental 

flows from Copeton Dam, managed by NSW Department of Planning, Industry and Environment 

and the Commonwealth Environmental Water Office in accordance with the Gwydir Long Term 

Water Plan. Although data is available on the timing, duration and total volume of environmental 

water released from Copeton Dam in each environmental flow period (described below), there is 

no data available on the daily volumes of water released as environmental flows. We also do not 

know how much water is lost through extraction by landholders for stock and domestic use related 

to basic landholder water rights downstream of Copeton Dam. 

 

Figure 2. Acoustic telemetry array within the Gwydir and Mehi Rivers 

Receiver locations are shown as black points, with terminal receivers as red points. The locations of 
weirs are indicated. Upper right inset shows position of Copeton Dam in relation to study sites. 

Fish collection and tagging 
Fish collection, transportation, tagging and release was conducted following the method outlined in 

Carpenter-Bundhoo et al. (2020b). Riverine fish collected comprised 20 Murray cod in each river, 3 

freshwater catfish in the Gwydir River and one freshwater catfish in the Mehi River. The low 

number of riverine freshwater catfish tagged reflects the scarcity of this species within the study 

reaches. All riverine fish were caught and released at their respective capture locations. A further 

56 freshwater catfish were collected from Copeton Dam, translocated to the study sites, tagged, 

and released (Table 2).  
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Table 2. Source and numbers of freshwater catfish and Murray cod tagged and released in the 
Gwydir and Mehi Rivers in May 2016 and November/December 2018 

Fish type 2016 Gwydir 
River 

2016 Mehi 
River 

2018 Gwydir 
River 

2018 Mehi 
River 

Murray cod 10 10 10 10 

Freshwater catfish (Riverine) 3 1 0 0 

Freshwater catfish (Copeton Dam) 17 19 10 10 

Acoustic array 
Fish movements were recorded using linear acoustic telemetry arrays (Vemco VR2W 69 KHz 

receivers) deployed throughout the lower Gwydir and upper Mehi Rivers (Figure 2). The Gwydir 

River array consisted of 17 receivers deployed over a 39-kilometre reach. The Mehi River array 

consisted of 13 receivers also deployed over a 39-kilometre reach. Receivers were deployed at 

intervals of approximately 3 kilometres along each river. The array recorded a binary 

presence/absence for each tagged fish within the reception range (approximately 300 metres) of a 

given receiver.  

A temperature logger (OneTemp, Sydney) was deployed at the most upstream and downstream 

receivers of each array. All data from receivers were downloaded approximately every 6 months 

over the 1,400-day study period (25 May 2016 to 25 March 2020). 

Data analysis 
The linear extent of each river reach was digitized into a spatial object using satellite imagery in 

ArcGIS 10.4 (ESRI, Redlands, CA, USA). The distance of each receiver from the downstream-

most receiver in its respective river array was then calculated. These spatial objects were then 

converted into a distance matrix in the V-Track package (Campbell et al. 2012) in R (RStudio 

Team (2020). 

A database of fish movements was created by pairing individual fish detections with the distance 

matrix. River distance between subsequent detections for each individual was then calculated. 

Total daily movement was calculated for each fish by summing individual movement distance 

values. This database was then matched with daily total river discharge, known breeding period, 

environmental flow period, average daily river temperature, moon phase (calculated using the lunar 

package in R (Lazaridis 2014)) and biological data relating to the sex and size of fish (total length 

and weight).  

The temperature loggers and WaterNSW gauge #418004 (Yarraman Bd) were unable to produce a 

continuous recording of water temperature due to numerous dry periods throughout the study – the 

loggers were exposed to the air for some periods. Air temperature records downloaded from the 

Bureau of Meteorology closely matched variations in the water temperature records that were 

successfully logged, so this data was used as a proxy.  

Breeding period was assigned as a binary variable, falling within or outside of the fishes’ respective 

breeding schedule. The breeding period for freshwater catfish was assigned as beginning when 

average daily water temperatures reached 24 °C and ended 70 days later (as described by Davis 

1977; Carpenter-Bundhoo et al. 2020b). The same approach was adopted for Murray cod, with the 

breeding period assigned as beginning at 15 °C and lasting 70 days (Humphries 2005; Koehn and 

Harrington 2006). Water temperature was used to calculate breeding schedules for both species 

as the temperature loggers deployed had recorded these periods. 

Detections occurring within the first 24 hours for each fish were removed from data analysis to 

discount any abnormal behaviour due to the tagging process (Carpenter-Bundhoo et al. 2020b). 

Fish movements were visually inspected by plotting fish position in study reaches and cumulative 
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distance moved over time. Fish range and site fidelity were also visually examined by calculating 

and plotting the proportion of detections at each receiver for the total study period.  

Broad-scale fish movement responses to the environmental variations were investigated using 

hurdle linear mixed models in the lme4 package (Bates et al. 2015). We modelled daily total 

movement using a hurdle model that specified a mixed-effects generalised logistic regression 

(GLMM) to firstly predict movement/non-movement (a binary response), and then a standard linear 

mixed model (LMM) to predict movement distance (that is, for the non-zero responses). River 

discharge, antecedent flow (sum of previous 30 days), breeding period, environmental flow period, 

air temperature, moon phase and fish length were included as independent variables.  

While qualitatively assessed, the periods of interest were not defined in the regression models as 

periods of restricted extraction. Unimpeded high flows from unregulated tributaries are 

environmentally beneficial actions, but not true environmental water releases. Environmental flow 

data included in these models described the timing of the water delivered by the department and 

Commonwealth Environmental Water Office, and also covered the water sharing plan ECA flow 

that coincided with the later environmental flows. 

Fish identity (ID) and year were included as random intercepts in the models. All possible models 

and interactions were checked, and the best model was selected with backwards stepwise model 

selection, using the LMERConvenienceFunctions package (Tremblay and Ransijn 2013) for the 

binary component, and the LMERTest package (Kuznetsova et al. 2017) for the non-zero 

component. Following the protocol of Zuur et al. (2010), we checked for statistical outliers and 

collinearity among predictor variables was assessed using variance inflation factors (VIF) in R. 

Model fit was assessed by comparing model residuals and fitted values. 
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Results 

Hydrology during the study period 
The hydrology for the study period at the Gwydir River at Yarraman Bridge (418004) and in the 

Mehi River downstream of Tareelaroi regulator (418044) is shown in Figure 3. The 3T flows and 

supplementary event periods of interest are denoted with shading and ECA releases are shown by 

separate coloured line series. 

 

Figure 3. Summary of mean daily flow (ML/day) at the key flow gauging stations and periods of 
interest that relate to planned environmental water management actions 

Environmental flows provided or protected by the water sharing plan 

There were a number of events delivered or protected by rules set out in the Gwydir Regulated 

River Water Sharing Plan. Flows were provided from the ECA to the Gingham, Millewa and Mehi 

systems in this study period, equating to approximately 48 GL. In addition, a number of 3T 

protected events (>500 ML/day) and supplementary events due to unregulated flows occurred 

within the study period. This provided natural flow and thermal queues for native fish in the 

downstream regulated Gwydir River. A large natural event (154 GL total volume) primarily driven 

by flows from the Horton River, Halls Creek and Myall Creek (3T rule) between late August 2016 

and early October 2016 provided a significant environmental flow signature at the Yarraman gauge 

in the Gwydir. In addition to these events, a section 324 event in early 2020 protected flows the for 

environment after an extended dry period. 
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Thermal responses to natural and regulated flows 
The water temperature at Yarraman Bridge (418004) and the daily release volume from Copeton 

dam during the study period are presented in Figure 4. 

 

Figure 4. Summary of releases from Copeton Dam (ML/day) and water temperature at Yarraman 
Bridge, demonstrating thermal responses to water releases. The shaded area denotes the period of 
interest (POI) and the call out arrows identify each data series/ 

Fish detection and movement summary 
Thirty-six Murray cod and 56 freshwater catfish were detected throughout the study (Figure 5). One 

of the undetected riverine freshwater catfish ID 53543 was confirmed to be alive (Carpenter-

Bundhoo et al. 2020b), with a working transmitter and inhabiting an area between the detection 

range of 2 receivers. Three Murray cod were observed moving from the Mehi River array to the 

Gwydir River array (ID 53588, 53597 and 53601; Figure 5). No fish moved from the Gwydir River 

to the Mehi River. One Murray cod tagged in 2016 (ID 53599) was detected until the end of the 

study in 2020. 

 

Figure 5. Timeline of detections of individual Murray cod (Maccullochella peelii) on the left and 
freshwater catfish (Tandanus tandanus) on the right within the Gwydir and Mehi linear arrays. Each 
symbol denotes at least one detection on a day. Blue shaded areas denote periods of interest. 
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Examination of temporal variation in longitudinal movement revealed idiosyncratic patterns among 

individuals of both species in each river. It was evident that weirs posed significant barriers to 

upstream (but not downstream) movement of both fish species in both rivers (Figure 6). There 

were 8 instances of individual fish successfully passing one weir (Tarreelaroi Regulator in the Mehi 

River), and these upstream movements only occurred on large flow events. Several fish of both 

species were observed travelling from the Mehi River into the Gwydir River, but not vice versa. 

The total cumulative distance moved over the 4-year study period was lower on average for Murray 

cod than freshwater catfish at 33 ± kilometres versus 38 ± 7 kilometres (mean ± S.E.) respectively. 

The largest cumulative movement was by a freshwater catfish, which moved a total of 

290 kilometres. 

The largest single day movement for Murray cod was 20 kilometres. The largest single day 

movement for freshwater catfish was 31 kilometres. Some individual Murray cod showed 

pronounced increases in movements away from their normal home ranges in the 

August/September/October breeding period (Figure 6). A number of these individuals did not return 

to their previous ranges (Figure 6). 
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Figure 6. Linear distance travelled and orientation over time for Murray cod (Maccullochella peelii) 
and freshwater catfish (Tandanus tandanus) shown for the Gwydir (a) and Mehi (b) river arrays 

Black points denote receiver locations along the array and dashed lines denote weir or regulator 
position. Each colour represents a different fish ID. Shaded blue areas denote periods of interest. 
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Effects of environmental flow deliveries and other 
environmental variations on fish movement 
Regression models revealed that the probability and distance of movement in both fish species 

was significantly related to several environmental and biological characteristics (Table 3, Table 4, 

Table 5 and Table 6). 

For Murray cod, important explanatory variables included the magnitude of discharge, 

environmental flow periods, river inhabited, temperature, sex and breeding period, and interactions 

between these variables. 

For freshwater catfish, important explanatory variables included magnitude of discharge, river 

inhabited, temperature, breeding period, and interactions between these variables. Environmental 

flow periods and sex influenced freshwater catfish movement through interactions. That is, the 

effect of one factor was conditional on the level of another factor. 

For both species, more variables related to probability of movements than distance of movement. 

Murray cod movement responses 

Murray cod were more likely to move during an environmental flow event (estimate ± std. 

error = 0.7 ± 0.24, P = 0.004, Table 3). Overall, Murray cod were more likely to move (0.91 ± 0.15, 

P<0.001, Table 3), and would move further (0.12 ± 0.02, P <0.001, Table 3) at higher overall river 

discharges. The effect of discharge on the likelihood of movement was higher in the Mehi River 

(0.62 ± 0.13, P<0.001; Figure 7a), and lower during the spawning season (-0.85 ± 0.15, P<0.001; 

Figure 7b). Murray cod moved further on increased river discharges during warmer periods 

(0.07 ± 0.02, P = 0.002, Table 3).  

 

Figure 7. Predicted probability of Murray cod (Maccullochella peelii) movement as a function of river 
discharge (+/− 95% CI) in (a) the Mehi and Gwydir rivers and (b) during and outside of the spawning 
season 

Probabilities generated from the binomial model and all other covariates held at their mean values. 

Murray cod in the Mehi River moved further than those in the Gwydir River (0.16 ± 0.07, P = 0.036, 

Table 3). Contrary to how they responded to flow, Murray cod were both less likely to move 

(-0.67 ± 0.11, P<0.001, Table 3), and moved shorter distances at higher temperatures (-

0.14 ± 0.05, P = 0.008, Table 3). However, those in the Mehi River moved further at higher 

temperature than those in the Gwydir River (0.24 ± 0.06, P<0.001, Table 3). Murray cod were more 
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likely to move during the breeding period overall (2.68 ± 0.29, P <0.001; Table 3), however, this 

was less likely for males (-1.92 ± 0.36, P <0.001; Table 3) compared to females.  

Table 3. Parameter estimates (± S.E.) and significance levels from hurdle regression models relating 
Murray cod (Maccullochella peelii) movements (probability of movement and distance of movement) 
to environmental variables, breeding season and morphology 

Fixed effect Binomial 
Est. ± Std. Err. 

Binomial 
P 

Non-zero 
(log) 
Est. ± Std. 
Err. 

Non-zero (log) 
P 

Environmental flow 0.7 ± 0.24 0.004 NA NA 

River discharge 0.91 ± 0.15 <0.001 0.12 ± 0.02 <0.001 

Air temperature 
-0.67 ± 0.11 <0.001 

-0.14 ± 
0.05 

0.008 

River (Mehi) NA NA 0.16 ± 0.07 0.036 

Spawning 2.68 ± 0.29 <0.001 NA NA 

Sex (M) 1.78 ± 0.71 0.012 NA NA 

River discharge: River (Mehi) 0.62 ± 0.13 <0.001 NA NA 

River discharge: Spawning -0.85 ± 0.15 <0.001 NA NA 

River discharge: Air 
temperature 

NA NA 0.07 ± 0.02 0.002 

Air temperature: River (Mehi) NA NA 0.24 ± 0.06 <0.001 

Spawning: Sex (M) -1.92 ± 0.36 <0.001 NA NA 

Table 4. Attributes of the random effects from each G/LMM, including number of fish IDs/years in 
each model, among-fish ID/year standard deviation and number of observations 

Random effect Binomial 
ID 

Binomial 
Year 

Non-zero (log) 
ID 

Observations 4,796 4,796 279 

N (groups) 36 5 25 

Std. dev. 1.77 1.34 0.135 

Freshwater catfish movement responses 

While environmental flow did not have a standalone effect on either likelihood or distance of 

freshwater catfish movements (P = 0.217, Table 5), the model predicted that there was a lower 

likelihood of movement on an environmental flow during periods of higher antecedent flow 

(-1.91 ± 0.47, P<0.001; Figure 9b). Freshwater catfish were more likely to move during higher river 

discharge (0.32 ± 0.08, P<0.001), and like Murray cod, this effect was strongest in the Mehi River 

(1.09 ± 0.23, P<0.001; Figure 9a). Freshwater catfish were also found to move further during 

periods of elevated discharge during the spawning period (0.41 ± 0.1, P<0.001, Table 5). 
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Figure 9. Predicted probability of freshwater catfish (Tandanus tandanus) movement as a function of 
(a) river discharge (+/− 95% CI) between the Mehi and Gwydir Rivers and (b) antecedent flow (sum of 
previous 30 days) during and outside environmental flow deliveries 

Probabilities generated from the binomial model and all other covariates held at their mean values. 

The likelihood of freshwater catfish moving increased as temperatures warmed (0.92 ± 0.17, 

P<0.001, Table 5). However, this was less so for males (-1.06 ± 0.2, P<0.001, Table 5). 

Freshwater catfish in the Mehi River were found to move further at warmer temperatures 

(0.24 ± 0.05, P<0.001, Table 5). Overall, freshwater catfish in the Mehi River had a higher 

likelihood of movement (1.59 ± 0.54, P=0.003, Table 5). Males were more likely than females to 

move during the spawning period in both rivers (0.89 ± 0.27, P=0.003, Table 5).  

Table 5. Parameter estimates (± S.E.) and significance levels from hurdle regression models relating 
freshwater catfish (Tandanus tandanus) movements (probability of movement and distance of 
movement) to environmental variables, breeding season and morphology 

Fixed effect Binomial 
Est. ± S.E. Err. 

Binomial 
P 

Non-zero 
(log) 
Est. ± S.E. 

Non-zero (log) 
P 

Environmental flow 0.01 ± 0.22 0.967 NA NA 

River discharge 0.43 ± 0.07 <0.001 0.01 ± 0.01 0.927 

Air temperature 0.88 ± 0.13 <0.001 -0.01 ± 0.04 0.716 

Spawning NA NA -0.06 ± 0.05 0.293 

River (Mehi) 1.51 ± 0.49 0.002 0.09 ± 0.06 0.169 

Environmental flow: 
Antecedent flow 

-1.17 ± 0.39 0.003 NA NA 

River discharge: River (Mehi) 0.89 ± 0.22 <0.001 NA NA 

River discharge: Spawning NA NA 0.41 ± 0.1 <0.001 

Air temperature: River (Mehi) NA NA 0.24 ± 0.05 <0.001 

Air temperature: Sex (M) -1.04 ± 0.17 <0.001 NA NA 

Sex (F): Spawning -0.28 ± 0.24 0.239 NA NA 

Sex (M): Spawning 0.88 ± 0.26 0.001 NA NA 
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Table 6. Attributes of the random effects from each G/LMM, including number of fish IDs/years in 
each model, among-fish ID/year standard deviation and number of observations 

Random effect Binomial 
ID 

Binomial 
Year 

Non-zero (log) 
ID 

Observations 3,681 3,681 454 

N (groups) 54 5 47 

Std. dev. 1.61 0.22 0.12 
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Benefits of water management actions to fish 
movement 

Movement of Murray cod and freshwater catfish within 
ecohydrological periods of interest 
Overall, Murray cod and freshwater catfish showed increased activity during the periods of interest 

compared to the non-periods of interest (Table 7). Murray cod moved more and over larger 

distances during the periods of interest (Table 7). This difference was not as pronounced for 

freshwater catfish, with movements tending to be more intermittent and individualistic rather than a 

general response across the tagged population. For those freshwater catfish that did move, often 

the movements were at higher frequencies and over longer distances.  

For example, during supplementary flow #2, 6 freshwater catfish moved large distances, with one 

individual moving approximately 61 kilometres over a 10-day period. Previous research has 

suggested that this type of response is not uncommon among many fish species, with only a small 

proportion of the population more likely to complete larger movements (Rodríguez 2002). Several 

studies of Murray cod have noted similar behaviour, with the majority of individuals found to be 

largely sedentary, while a small proportion intermittently make movements over many hundreds of 

kilometres (Koehn et al. 2009; Koehn and Nicol 2016; Thiem et al. 2018).  

Table 7. Summary statistics Murray cod (Maccullochella peelii) and freshwater catfish (Tandanus 
tandanus) of minimum, maximum and mean (± S.E.) movements for non-periods of interest and 
periods of interest (2016-20) 

Fish activity Timing Mean (± S.E.) Min Max N 

Maccullochella peelii  
No. of movements 

Non-periods of 
interest 

3 ± 1 0 22 33 

Maccullochella peelii 
Cumulative distance moved  

Non-periods of 
interest 

12 ± 3 km 0 km 82 km 33 

Maccullochella peelii 
No. of movements 

Periods of interest 11 ± 2 0 45 26 

Maccullochella peelii 
Cumulative distance moved 

Periods of interest 50 ± 11 km 0 km 210 km 26 

Tandanus tandanus 
No. of movements 

Non-periods of 
interest 

5 ± 1 0 25 56 

Tandanus tandanus 
Cumulative distance moved 

Non-periods of 
interest 

24 ± 4 km 0 km 178 km 56 

Tandanus tandanus 
No. of movements 

Periods of interest 7 ± 1 0 33 35 

Tandanus tandanus 
Cumulative distance moved 

Periods of interest 29 ± 6 km 0 km 133 km 35 

Within regulated and intermittent systems such as the Gwydir, species such as Murray cod and 

freshwater catfish gain an advantage by moving opportunistically when the conditions are suitable, 

such as during periodic flow events. These conditions allow fish to access resources that may be 

limited in their existing location, such as food and breeding habitat.  

These opportunities for movement could be increased by targeting environmental flow releases at 

seasonally appropriate times of the year. An example of a successful outcome of these flows was 

the apparent population response by Murray cod during supplementary flow event #1 and 3T flow 
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event #2, when all tagged individuals (n=20) were detected on at least one receiver, indicating 

increased activity and, in some cases, relocations to new habitats. 

Movement of Murray cod in response to non-specific 
environmental variations 
Murray cod were more likely to move during environmental flow deliveries compared to periods 

when no environmental water was delivered. This suggests that environmental flows, which are 

intended to trigger biological and behavioural responses amongst a range of taxa, benefit Murray 

cod, enabling and perhaps stimulating greater movement.  

There was also a marked increase in the probability of movement during the known breeding 

season of Murray cod. While individual Murray cod have previously been reported to make large 

movements during the breeding season (Koehn et al. 2009; Thiem et al. 2018), the majority had 

restricted ranges during this same period (Koehn et al. 2009).  

Given Murray cod have been observed reproducing without movement (G Butler pers. comm.), it is 

likely that some individuals in intermittent rivers only opportunistically move to breed. This is 

facilitated by increased river connectivity, which is directly improved by increases in discharge.  

Male Murray cod were found to be less likely to move than females during the breeding period, and 

there was a weaker relationship between movement and river discharge during the breeding 

period. This is best explained by the nesting behaviour of the species, where males remain 

sedentary on a nest site for up to 4 weeks after the initial selection process (Rowland 1998).  

Murray cod movements were significantly greater in the Mehi River compared to the Gwydir River. 

This may relate to the difference in the physical size of the 2 rivers. Fish in the smaller Mehi River 

may have to travel further to find suitable unoccupied habitat than those is the larger Gwydir River. 

The increased probability of movement during higher river discharges was also stronger in the 

Mehi than the Gwydir Rivers.  

Given the relatively shallow and narrow morphology of the Mehi River, an equal volume of water 

delivered to each river would result in proportionally higher water velocity, connectivity and 

inundation of banks in the Mehi River (Brierley and Fryirs 2000). As such, not only the volume and 

timing of flows should be considered when water is released for the environment, but also the 

relative size of the system receiving the water. 

Movement of freshwater catfish in response to 
environmental variations 
While freshwater catfish were not more likely to move, nor move further, during environmental flow 

deliveries, they were more likely to move during an environmental flow that followed a period of low 

flow. This suggests that environmental flows delivered following low- or no-flow conditions provide 

an opportunity for fish to attempt to locate resources that may support their survival.  

Overall, river discharge was found to be a main driver of freshwater catfish movements. For many 

riverine fish species, flow is a behavioural cue that stimulates breeding-related movement 

(Amtstaetter et al. 2016; Reinfelds et al. 2013; Walsh et al. 2013). While the recognised life-history 

of freshwater catfish does not include a breeding migration, we did find relationships between 

breeding and movement.  

Freshwater catfish are known to be sedentary nesters ( Davis 1977; Carpenter-Bundhoo et al. 

2020a) and have even been known to reproduce in ponds (Lake 1967). We believe that the 

increased distance moved during higher discharge in the breeding season, and increased 

likelihood of male movement during the same period, relates to exploratory movements to locate 

optimal nesting sites.  
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While other environmental factors such as water temperature appear to cue and facilitate 

reproductive success (Davis 1977; Carpenter-Bundhoo et al. 2020a), river discharge may also play 

a primary role by facilitating movement to better nesting areas or to areas of lower competition. As 

Freshwater catfish require shallow, cobble beds to build nests (Lake 1967; Davis 1977; Merrick 

and Midgley 1981), elevated river discharge increases inundation of, and connectivity between, 

such habitat patches in intermittent rivers such as the lower Gwydir River. 

Implications for water management 
We suspect many factors contribute to the effectiveness of environmental flows across the 

channels of the lower Gwydir system. However, our findings show river discharge, river 

morphology, and species life history are the main factors to consider when managing 

environmental flow releases. 

This study found that environmental flows targeted to support fish populations need to be tailored 

to specific species’ needs in order to ensure the most effective outcomes for fish. For example, if 

aiming to benefit freshwater catfish movement, environmental flows would best be delivered 

following a period of low flows as the modelling for this study indicated that movement was less 

likely during environmental flows that followed high flows. 

Determining an ideal planned environmental water management action can be difficult given the 

multitude of objectives around environmental water releases. This includes potentially conflicting 

priorities across taxa such as waterbirds, vegetation, invertebrates and amphibians as well as fish.  

Given this complexity and based on the findings of the study, we suggest that the key aim for 

Murray Cod and freshwater catfish when considering environmental flows should be to maintain 

baseflows to provide better connectivity during critical periods of their life history. 

While these recommendations are about regulated planned environmental water management 

actions, this study also indicated water sharing plan management actions such as supplementary 

events and protected tributary flows are important. This is because we observed more fish 

detections and movements during these events than during releases from the Copeton Dam ECA. 

Experimental flow releases, or release strategies with a greater degree of disclosure, coupled with 

hydrological modelling, would allow a better understanding of the benefits of environmental water 

and result in more efficient deliveries in the future. The data presented in this study, which is 

supported by previous research, suggests that increased connectivity via environmental water 

releases during the breeding season (October to December for freshwater catfish and August to 

October for Murray cod) may enhance breeding outcomes in terms of increased availability and 

quality of nesting habitat.  

This management action may not be required every year for the species’ long-term existence. 

Rather, larger pulses may be better allocated to align with the spawning schedules of species that 

use flow as a cue, such as golden perch (Macquaria ambigua) and silver perch (Bidyanus 

bidyanus). 
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More information 
If you have any questions about this study, you can contact the following researchers and 

departmental staff by email. 

Dr Luke Carpenter-Bundhoo, Research Scientist: l.carpenter-bundhoo@griffith.edu.au  

Dr Gavin Butler, Research Scientist: gavin.butler@dpi.nsw.gov.au  

Dr Leo M. Cameron, Research Scientist: leo.cameron@dpi.nsw.gov.au  

Daniel Coleman, Senior Ecohydrologist: daniel.coleman@dpie.nsw.gov.au  

Joe Cairns, Ecohydrologist: joe.carins@dpie.nsw.gov.au  
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Appendix A – Fish movement statistics 
Table A1. Summary statistics Murray cod (Maccullochella peelii) movement, showing minimum, 
maximum and mean (± S.E.) (2016–20) 

Water 
management 
action 

Event 
duration 
(days) 

Total event 
volume (ML) 
G = Gwydir 
M = Mehi 

Number 
of fish ID 
detected 

Number of 
days 
detected 

Number of 
fish 
movements 

Cumulative 
distance 
moved8  

Section 324 
event 

39 G 19,938 

M 17,967 

7 Min 8 

Mean 17 ± 3 

Max 30 

Min 0 

Mean 4 ± 1 

Max 7 

Min 0 

Mean 28 ± 8 

Max 52 

Supplementary 
flow event #1 

71 G 165,390 

M 92,350 

20 Min 1 

Mean 25 ± 5 

Max 69 

Min 0 

Mean 6 ± 1 

Max 25 

Min 0 

Mean 28 ± 7 

Max 113 

Supplementary 
flow event #2 

10 G 7,135 

M 4,678 

11 Min 1 

Mean 6 ± 1 

Max 11 

Min 0 

Mean 0 ± 0 

Max 5 

Min 0 

Mean 2 ± 2 

Max 25 

3T flow #1 9 G 11,171 

M 617 

9 Min 1 

Mean 6 ± 1 

Max 10 

Min 0 

Mean 0 ± 0 

Max 1 

Min 0 

Mean 0 ± 0 

Max 3 

3T flow #2 48 G 154,674 

M 86,199 

20 Min 1 

Mean 18 ± 3 

Max 46 

Min 0 

Mean 6 ± 1 

Max 20 

Min 0 

Mean 25 ± 6 

Max 92 

3T flow #3 2 G 2,303 

M 2,277 

5 Min 2 

Mean 3 ± 0 

Max 3 

Min 0 

Mean 0 ± 0 

Max 2 

Min 0 

Mean 1 ± 1 

Max 5 

3T flow #4 3 G 3,017 

M 7,347 

7 Min 1 

Mean 3 ± 1 

Max 4 

Min 0 

Mean 0 ± 0 

Max 0 

Min 0 

Mean 0 ± 0 

Max 0 

ECA release 98 G 46,845 

M 1,226 

1 Min 5 

Mean 5 

Max 5 

Min 3 

Mean 3 

Max 3 

Min 10 

Mean 10 

Max 10 

Other release 47 G 34,612 

M 101,223 

3 Min 10 

Mean 29 ± 11 

Max 48 

Min 0 

Mean 1 ± 1 

Max 2 

Min 0 

Mean 2 ± 2 

Max 5 

 

  

                                                 
8 Demšar et al. 
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Table A2. Summary statistics freshwater catfish (Tandanus tandanus) movement, showing minimum, 
maximum and mean (± S.E.) values for number of days detected in array, number of movements and 
cumulative movement for the study period (2016–20) 

Water 
management 
action 

Event 
duration 
(days) 

Total event 
volume (ML) 
G = Gwydir 
M = Mehi 

Number 
of fish ID 
detected 

Number of 
days 
detected  

Number of 
fish 
movements  

Cumulative 
distance 
moved9  

Section 324 
event 

39 G 19,938 

M 17,967 

4 Min 5 

Mean 15 ± 6 

Max 31 

Min 2 

Mean 4 ± 1 

Max 6 

Min 5 

Mean 25 ± 8 

Max 41 

Supplementary 
flow event #1 

71 G 165,390 

M 92,350 

26 Min 1 

Mean 25 ± 4 

Max 68 

Min 0 

Mean 4 ± 1 

Max 19 

Min 0 

Mean 15 ± 3 

Max 69 

Supplementary 
flow event #2 

10 G 7,135 

M 4,678 

11 Min 1 

Mean 5 ± 1 

Max 11 

Min 0 

Mean 2 ± 1 

Max 7 

Min 0 

Mean 18 ± 7 

Max 61 

3T flow #1 9 G 11,171 

M 617 

25 Min 1 

Mean 4 ± 1 

Max 10 

Min 0 

Mean 1 ± 0 

Max 2 

Min 0 

Mean 2 ± 1 

Max 10 

3T flow #2 48 G 154,674 

M 86,199 

26 Min 1 

Mean 16 ± 3 

Max 45 

Min 0 

Mean 3 ± 1 

Max 10 

Min 0 

Mean 9 ± 2 

Max 39 

3T flow #3 2 G 2,303 

M 2,277 

7 Min 1 

Mean 2 ± 0 

Max 3 

Min 0 

Mean 1 ± 0 

Max 2 

Min 0 

Mean 3 ± 1 

Max 8 

3T flow #4 3 G 3,017 

M 7,347 

4 Min 1 

Mean 3 ± 1 

Max 4 

Min 0 

Mean 0 ± 0 

Max 0 

Min 0 

Mean 0 ± 0 

Max 0 

ECA release 98 G 46,845 

M 1,226 

0  NA NA NA 

Other release 47 G 34,612 

M 101,223 

6 Min 1 

Mean 18 ± 9 

Max 48 

Min 0 

Mean 0 ± 0 

Max 0 

Min 0 

Mean 0 ± 0 

Max 0 
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