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Abstract 
 
We used multiple linear regression to test the hypothesis that the productivity of two 

fish species (Nematalosa erebi and Macquaria ambigua) in two Northern basin MDB 15 

rivers (Moonie and Warrego) can be predicted from a suite of physical habitat 

variables. To explore the importance of hydrology and season, these models were 

developed for two different sampling periods; no-flow and post-flow. For both 

catchments, simple models were developed using within-waterhole habitat variables 

and then compared to infer the transferability of the models between catchments. 20 

Then, the explanatory power of variables measured at multiple spatial scales was 

examined in the Warrego catchment. Poor predictive power was revealed in the 

simple Moonie biomass model for both species. Conversely, high predictive power 

was detected in the simple Warrego River biomass model, which was considerably 

improved by including variables measured at multiple spatial scales (within-25 

waterhole, whole-waterhole and landscape scale). Differences between the models 

suggest that there is no generic model capable of predicting fish biomass in the two 

catchments. We conclude that the poor transferability of habitat–biomass models 

between catchments may be due to fundamental differences in their physical 

characteristics. Furthermore, the improved predictive power of the expanded Warrego 30 

model demonstrates the importance of considering factors affecting fish species at all 

relevant spatial scales. The more powerful Warrego models also differed between 
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sampling periods, no-flow and post-flow, highlighting the role of hydrological 

variability in determining fish responses to environmental conditions in the MDB.  

 

Introduction 
 5 

The Queensland- upper NSW rivers of the upper Murray Darling Basin (MDB) are 

typical lowland rivers in that they generally flow through lowland (<300 m below sea 

level) areas (Harris and Gehrke 1997).  As lowland rivers they are characteristically 

linked to their floodplains and many sections are are dominated by sinuous 

anabranching and distributary systems (Thoms and Sheldon 2000).  Lowland 10 

floodplain regions are geomorphologically diverse as a result of their lateral instability 

and contain features such as anabranches, billabongs, cut-offs, backwaters, scroll-

swales and depression basins. The northern MDB rivers are best described, however, 

as dryland rivers as they flow much of their length through arid and semi-arid 

landscapes (<500 mm p.a.) and thus experience large-scale evaporative water losses. 15 

The more easterly rivers of the northern MDB tend to contribute the greatest run-off 

to the MDB as they drain the western margins of the Great Dividing Range (Thoms 

and Sheldon 2000).  These rivers include the Macintyre and Condamine-Balonne in 

southern Queensland and the Gwydir, Namoi, Castlereagh and Macquarie Rivers in 

northern NSW. In contrast, the westerly rivers originate in more arid landscapes of 20 

south-western Queensland (Warrego and Paroo Rivers) and tend to contribute less to 

annual MDB flows; although they can produce significant inputs during major floods. 

 

The dryland rivers of the northern Murray-Darling basin are characterised by highly 

variable flow regimes, driven by the variable climatic conditions in the region 25 

(Medeiros and Arthington 2008).  In dryland rivers flow is irregular and infrequent, 

with the main channel of catchments dominated by isolated refugial waterholes for 

most of the year (Knighton and Nanson 1994). These waterholes support aquatic and 

terrestrial biota (and supply water for stock, irrigation and human consumption) 

during dry periods, allowing populations to persist in a highly variable and harsh 30 

environment (Morton et al. 1995). During the summer period, wetter conditions 

prevail, generating channel flows and the occasional widespread flood, which connect 

the otherwise isolated waterholes. This connectivity generates the opportunity for 
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biota to recolonise flooded waterholes and utilise new resources (Balcombe et al. 

2007).   

 

The combination of highly dynamic hydrological regimes and geomorphological 

variability leads to productive, yet spatially and temporally variable suite of fish 5 

assemblages across these northern basin rivers (Gehrke  et al., 1995; Balcombe  et al., 

2006; Lintermans 2007). Some of the more widely distributed and abundant fish 

species in these rivers include the medium-large bodied native species: yellowbelly 

(Macquaria ambigua, Richardson, 1845), eel-tail catfish (Tandanus tandanus, 

Mitchell, 1838), bony bream (Nematolosa erebi, Günther, 1868) and the exotic 10 

species: goldfish (Carassius auratus, Linnaeus, 1758) and common carp (Cyprinus 

carpio, Linnaeus, 1758).  

 

With the rest of the basin, the northern rivers have also been impacted to varying 

degrees by water resource development (Arthington 1996; Thoms  et al., 2005).  Fish 15 

stocks in particular have been reduced in the MDB due largely to river regulation 

(MDBC 2004; Lintermans 2007). Future efforts for the rehabilitation of fish stocks 

and hence, management of rivers with altered flow regimes requires a complete 

understanding of the drivers of fish pollution dynamics. This chapter presents a case 

study modelling the spatial patterns in fish biomass (of two common species) across 20 

two northern basin rivers. These models are compared for each of the species across 

the two rivers to demonstrate the applicability of using generic models  in these 

systems. 

 

Comparing fish biomass models in two upper Murray Darling Basin rivers 25 
 
Factors that affect fish assemblages and abundance patterns in floodplain rivers 

operate at multiple spatial and temporal scales (Scheurer et al. 2003; Kingsford 2006).  

The influence of processes at each spatial and temporal scale must be considered to 

effectively manage species inhabiting variable environments (Fausch et al. 2002).  30 

Landscape scale processes form and maintain river morphology and refuge habitats 

while fine-scale habitat characteristics regulate the functioning of local populations 

(Labbe et al. 2000). In the headwater rivers of the Murray-Darling Basin (MDB), the 



 4 

links between the physical setting, landscape characteristics (e.g. floodplain size and 

frequency of inundation) and the various levels of productivity (primary - algae, 

tertiary - predatory fish) are not well understood (Walker et al. 1995; Medeiros and 

Arthington 2008).  Efforts to maintain or restore populations of iconic and threatened 

biota (e.g., fish) will be strengthened by sound understanding and predictive models 5 

of the influence of various drivers on species abundance and biomass.(Fausch et al. 

2002).  

 

Broadly speaking, drivers of fish productivity can be divided into two different 

categories; indirect and direct. Indirect factors are those that drive productivity at 10 

lower levels of the food web (e.g., primary producers and herbivores) and 

hypothetically cascade upwards to drive productivity at higher trophic levels (Power 

1992). For example, benthic and planktonic metabolism can be limited by low light 

levels (retarding photosynthesis), and by temperature and nutrient availability (Bunn 

et al. 2006a; Burford et al. 2008  Fellows et al. 2009). ‘Direct’ factors influencing fish 15 

biomass include those that are important for determining the recruitment and mortality 

of fish populations (Welcomme et al. 2001; 2006). These include aspects of habitat 

structure and availability at several spatial scales - the floodplain landscape, waterhole 

scale and local habitat scale (Puckridge et al. 2000; Knight and Arthington 2008).  

 20 

Flow is another major driver of productivity in riverine ecosystems, playing roles in 

shaping ecological responses in dryland rivers (Puckridge et al. 2000; Kingsford 

2006). From an indirect perspective, the timing of flow events will determine which 

physical characteristics shape ecological responses (Humphries et al. 1999; King et al. 

2003). For example, it is proposed that soon after a flood event, the impact of the local 25 

biophysical template is tempered, and factors linked to connectivity among waterholes 

(Amoros and Bornette 2002; Sheldon et al. 2002) and catchment scale processes (e.g., 

floodplain inundation, Welcomme et al. 2006; Kingsford 2006) are important for 

determining ecological processes within waterholes. As the period of time since 

inundation increases and waterholes progressively isolate, localised factors increase in 30 

importance and dominate ecological processes within waterholes (e.g., Arthington et 

al. 2005). From a direct perspective, flow plays a dominant role in determining 

recruitment in many Australian freshwater fish, with increases in spawning usually 

coinciding with wetter months (Pusey et al. 2004; Balcombe and Arthington 2009). 
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In the dryland rivers of western Queensland, freshwater fish occupy the secondary and 

tertiary levels of the aquatic food web. In the headwater streams of the Murray-

Darling Basin (MDB), species such as the Bony Bream (Nematolosa erebi) graze 

upon sources of primary production (algae, macrophytes), and then serve as food, 5 

along with other herbivorous species such as macroinvertebrates, for higher order 

predators such as Yellowbelly (Macquaria ambigua) (Balcombe et al., 2005; 

Sternberg et al., 2008). By accepting the ‘bottom up’ model of productivity regulation 

in dryland rivers, and assuming that other stressors to the system are equal across 

waterholes, one should observe higher fish biomass in waterholes that exhibit higher 10 

primary production (algal biomass). For example, Fellows et al. (2009) found some 

evidence for a relationship between rates of benthic primary production and fish 

abundances in Cooper Creek (Lake Eyre Basin) and the Warrego River (MDB),  

 

This study is concerned with the direct factors influencing fish biomass particularly 15 

aspects of habitat structure and availability at several spatial scales - the landscape, 

waterhole and local habitat scales, and at two times of year with different flow 

conditions (no flow and post flow). It explores the possibility that similar predictive 

habitat-biomass relationships can be developed for the two catchments, the Moonie 

and the Warrego in the northern MDB, and if not, why such relationships might differ 20 

between these catchments. 

. 

This chapter aims to;  

1. Predict fish production in Moonie River waterholes using a suite of physical habitat 

variables measured largely at one spatial scale (whole waterhole). 25 

2. Predict fish production in waterholes in the Warrego River using a similar suite of 

physical habitat variables  

3. Determine whether Warrego models are improved by including physical variables 

from a number of scales (floodplain, whole-waterhole, within-waterhole) 

4. Consider the transferability of these models between catchments. 30 

 

 

Background to the Moonie and Warrego Rivers 
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We chose to compare two catchments in the northern Murray-Darling basin, the 

Moonie and Warrego River catchments (Fig. 1). The Moonie Catchment drains 

approximately 14,870 km2 and runs for 575km across the Queensland – new South 

Wales Border into the Barwon River. The system has a semi-arid climate with an 

average rainfall of 500-600 mm year-1 with considerable annual variation in 5 

temperature and inter-annual variation in rainfall (Sternberg et al. 2008). The river 

flows for only 35 per cent of the time at Nindigully gauge (Gauge Number, 417201B), 

and as such exists for much of the year as a series of unconnected waterholes 

(Sternberg et al. 2008). We chose 14 waterholes in this system distributed along the 

length of the main channel from the headwaters to the lower regions of the catchment 10 

(see Figure 1). For more information regarding site locations and catchment details, 

see Sternberg et al. (2008). 

 

The much larger Warrego catchment covers approximately 70,000 km2, with the vast 

majority (85%) of this located north of the Queensland – New South Wales border. 15 

The long-term average annual rainfall for this system is 450 mm per annum. 

However, this rainfall is highly variable and moderately seasonal, usually falling in 

the warmer months between December and March. Hydrology in the Warrego 

catchment is equally variable with peak discharges exceeding 690,000 ML day-1 and 

the longest recorded period of no-flow reaching 22 months in the 1950’s at Ford’s 20 

Bridge, NSW (gauge number, 23001). Morphologically, the Warrego catchment 

ranges from constricted headwaters in narrow valleys to more sinuous and 

anastomosing channel structures in the lower parts of the catchment. This morphology 

gives rise to permanent and semi-permanent channel waterholes which provide 

significant drought refuge for aquatic and terrestrial biota. In the Warrego catchment, 25 

15 waterholes in 4 reaches located at Quilberry, Glencoe, Binya, and Thurulgoona 

were chosen for this study. More information regarding these waterholes and the 

Warrego catchment can be sourced in Balcombe et al. (2006). 

 

 30 

The study species  
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For this study, the productivity (biomass per unit area) of two species was modelled. 

These species were selected to represent different trophic levels in the food web. 

Nematolosa erebi (Günther, 1868) (bony bream) is a moderately sized clupeid and 

arguably the most widespread of all dryland fish species in Australia (Pusey et al. 

2004). Typically, this species is associated with relatively deep, slow flowing habitats, 5 

however it displays minimal association with waterhole microhabitat structure. Bony 

bream display a strong tolerance of a range of environmental extremes (Ly, 2007), an 

opportunistic reproductive strategy (Balcombe et al. 2007) and dietary plasticity 

(Sternberg et al. 2008), and given these adaptations, often achieve high biomass in 

isolated waterhole environments. This species is primarily a detritivore/algivore, 10 

consuming variable amounts of microbenthic algae, and therefore may respond 

significantly to changes in primary production (Medeiros and Arthington 2008). 

 

Macquaria ambigua (Richardson, 1845) (yellowbelly) is a moderate to large 

percichthyid commonly growing to 400 - 500 millimetres and less than 5 kilograms. 15 

This species is often associated with deep, slow flowing pools, large woody debris 

and overhanging vegetation (Pusey et al. 2004). Yellowbelly are also widespread and 

abundant in isolated waterholes of Australian dryland rivers due to a suite of 

evolutionary adaptations that allow them to cope with range of environmental 

conditions present in these types of habitats (Arthington  et al. 2005; Balcombe et al 20 

2006). Furthermore, females may reabsorb ripe ovaries during extended low flows, 

presumably to satisfy energy requirements.  This indiscriminate carnivore sits at the 

highest trophic position in isolated waterholes of dryland rivers and therefore is likely   

to show a strong response to the cascading effects of limited bottom-up production in 

these environments. 25 

 

Fish sampling 

Fish in both catchments were sampled according to the methods outlined in Balcombe 

et al. (2006). Up to three fyke nets were set overnight at each site for approximately 

19 hours, with a wing width of approximately 10 meters. For the Warrego data, the 30 

wet weight of each individual was measured at the site. For the Moonie, wet weights 

were not measured at the time of sampling. Instead, the wet weight was derived from 

the standard length of the individuals using length to weight curves. These curves 

were generated for each species using data from later field trips in the same catchment 
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at similar times of the year (yellowbelly; post-flow: y=0.0132x2-1.19774x+76.582, 

R2= 0.9721, no-flow: y=0.0103x2-1.1888x+36.424, R2=0.9739, bonybream; post-

flow: y=0.011x2-1.4971x+52.36, R2=0.9665, no-flow: y=0.012x2-1.8939x+82.556, 

R2=0.9484). For each site and sampling trip, biomass data were standardised to 19 

hours and 10 metre fyke wing width, and averaged across replicate nets within 5 

waterholes, such that the data represented catch per unit effort (CPUE) and catches 

were comparable across space and time. 

 

Fish biomass was sampled from waterholes in the Moonie catchment in February, 

May and September, 2006. The February 2006 trip occurred immediately after a 356 10 

ML day-1 flow event (417201B Moonie River at Nindigully, 29th Jan 2006; Fig 2a), 

with no further flow events occurring until December 2006, three months after the 

September 2006 trip. As such, the three trips were labelled; ‘summer, post-flow’, 

‘autumn, post-flow’ and ‘spring, no-flow’, respectively. 

 15 

In the Moonie River, fish production was highly variable through time.  This was 

particularly so for bony bream, whose peak production was measured in the summer 

post-flow time period (744 g CPUE), falling through to 184g CPUE by the spring no-

flow sampling period (Table 2). Peak yellowbelly production was also recorded in the 

summer post-flow period, but its production fluctuated less through time than bony 20 

bream. Across sites within any one time period, the greatest variation in yellowbelly 

production occurred in the summer period as demonstrated by the high production at 

Bullamon Plains Regulator and Fenton, intermediate production at sites such as 

Carbeen and Kurmala, then the majority of sites with very low production (Fig 3a).  

There was also reasonably high variability in spring yellowbelly production but less 25 

fluctuation among sites in autumn. As with yellowbelly, bony bream production was 

highly variably among sites and times with the most variability evident in summer and 

autumn (Fig 3 b). 

 

In the Warrego catchment, sampling occurred in October 2001 and April 2002. The 30 

October 2001 trip occurred after approximately 10 months without a significant flow 

event in the system. In contrast, the April 2002 trip occurred approximately three 

months after a major flood peak (54, 000 ML day-1 at Cunnamulla, 423202C, 14th Jan 
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2002; Fig 2b). The October 2001 trip has been labelled; ‘spring, no-flow’ and the 

April 2002 trip has been labelled; ‘autumn, post-flow’. 

 

In the Warrego River, total yellowbelly and bony bream production were less 

temporally variable than in the Moonie River, with only a slight increase in 5 

yellowbelly and decrease in bony bream from spring no-flow to summer post flow 

periods (Table 2).  However, there was some variability among sites within each 

sampling period for both species (Fig 4a and b).  Furthermore, there were 

inconsistencies between the two sampling periods in relation to the site with the peak 

yellowbelly production (in the ‘spring no-flow’ mostly reflected in Clear, Quilberry, 10 

Sandford Park WH and Tinnenburra, while in the ‘autumn post-flow’ period 

yellowbelly production was dominated by Noorama and to a much lesser extent, Key 

and Thurulgoona HS (Fig. 4a).  Similarly, bony bream production was largely 

dominated by five sites in spring (Key, Mirage Plains, Rocky Tinnenburra and 

Wogganorah) and four in autumn with only one of these (Mirage Plains) also being 15 

dominant in spring (Figure 4b).  

 
Physical variables 
 
Variables that represent the physical template were estimated at three different spatial 20 

scales; landscape scale, whole-waterhole scale and within-waterhole scale. Landscape 

scale factors describe the extent of the floodplain, connectivity between habitat 

patches (i.e., waterholes), and the form of the river channel. Whole-waterhole scale 

factors relate to the size and shape of a waterhole, how long it retains water, and its 

light environment. Within-waterhole scale factors describe substrate and 25 

morphological complexity and habitat availability. The importance of factors at each 

scale varies through time, depending on flow regime and biological response. 

 

For the Moonie River, the majority of physical habitat variables were measured at the 

entire-waterhole scale (Table 1). The bathymetry of each waterhole was profiled to 30 

create digital elevation models (DEMs) in ArcMap (version 9.2). Measurements such 

as surface area, volume and benthic area were calculated from the DEMs in ArcMap 

(version 9.2), using the 3D Analyst extension. Cross-sections were also placed 

through the DEMs at random intervals, and used to calculate measures such as cross-

sectional area, wetted perimeter and average depth. Turbidity was measured in-situ 35 
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and waterhole persistence time was modelled (J. Lobegeiger unpublished data). A 

single landscape-scale variable, straight-line distance to nearest sampled waterhole, 

was measured from maps, and a within-waterhole variable, snags, was estimated in-

situ as % cover along a representative transect.  

 5 

Physical habitat variables from all three scales (landscape, whole-waterhole, within-

waterhole) were measured in the Warrego River (Table 1). Calculations were largely 

derived from on-ground physical surveys and in-situ measurements, along with some 

desktop mapping. For more information on the methods employed in the Warrego, 

refer to Balcombe et al. (2006). In order to compare the models for each catchment, a 10 

reduced physical habitat dataset was derived for the Warrego analyses (Table 1), 

containing only measures that were comparable to those collected for the Moonie. 

 

Comparisons of basic physical measures of waterholes from the two study catchments 

reveals that Moonie river waterholes are generally shorter, shallower and narrower 15 

than Warrego River waterholes (Table 2). These differences in waterhole size are 

reflected in gross comparisons of fish production between the two rivers (Figure 1, 

Table 2).  Across all sampling times yellowbelly production was approximately 3 and 

bony bream 3.5 times greater in the Warrego catchment compared to the Moonie 

catchment. 20 

 

Regression modelling 
 
Relationships between fish biomass and physical variables were investigated using 

interactive forward-stepping multiple linear regression (Systat 11, 2006). Variable 25 

entry was set at P<0.15 and variables were only retained in the final models if they 

were significant at (p<0.05) or where they added greater than 5% to the overall 

model’s explanatory power. Residual plots of final models were examined to ensure 

they met the assumption of multiple regression. 

 30 

To enable comparisons between the two rivers and the validity of using various scales 

of habitat in the models (Aims 1 to 4) there were three groups of analyses undertaken. 

These were: regression analysis on the Moonie River fish/habitat, then the Warrego 

River fish/reduced habitat and finally on the Warrego River fish/full habitat dataset. 
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Prior to running models all data were screened to meet the assumptions of regression 

and, subsequently it was necessary to transform some variables.  Where 

transformation was needed, Loge (x+1) was found to be suitable for the physical 

habitat variables, while X0.5 was suitable for some of the fish biomass variables. We 5 

checked for co-linearity among biophysical variables prior to running models. Where 

two or more variables were correlated (at r>0.75), only one variable was inserted into 

the model.  However, to ensure that we had not rejected the wrong variable, 

alternative models were also run with rejected variables. The final variable retained (if 

significant) was determined by the complete model fit.  10 

 
Analysis of fish production in relation to physical variables in the Moonie river 

generally failed to produce any significant relationships (Table 3and 4).  Across both 

species and three sampling times there was only one significant fish 

production/physical habitat model produced.  In the summer post-flow period, bony 15 

bream production was weakly (30% of variation explained) associated with maximum 

waterhole depth. In contrast to the Moonie River regression models, a comparative 

analysis in the Warrego River revealed that fish production could indeed be predicted 

from a suite of waterhole physical characteristics.  This was demonstrated in the 

analysis of fish biomass in the Warrego River using the reduced physical dataset, 20 

which produced highly predictable production/physical models for both species across 

the two sampling times (Tables 3 & 4). These models predicted between 56 and 81% 

of the variation in fish production. The parameters consistently selected in final 

models were depth, snags and wetted perimeter. Of note were that two of these factors 

were opposite in sign between the two sampling times (Table 3), with snags being 25 

positively associated with yellowbelly biomass in spring, yet negatively associated in 

autumn.  Similarly bony bream biomass was negatively associated with wetted 

perimeter in spring and positively in autumn.  

 

When using the full biophysical dataset in the Warrego River, yellowbelly and bony 30 

bream biomass models were more predictable than with the reduced dataset (Table 3).  

These models predicted between 70 and 97% of the variation in fish biomass on the 

two sampling occasions. The suite of biophysical parameters contributing to 

individual models was not consistent for the two species or the two times.  There 
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were, however, some parameters that did consistently appear as significant individual 

factors in models (Table 3 and 4).  Such factors included depth, snags, cross-sectional 

area, mid-channel bars and turbidity.  Furthermore, for any final model produced there 

was always a suite of factors made up of parameters from at least two spatial scales 

(from landscape, whole waterhole or within waterhole). Also of note were that the 5 

signs of some factors were inconsistent between the two sampling times, as with the 

reduced dataset (Table 3).  For example, depth was positively associated with bony 

bream biomass in spring and negatively in autumn (Table 3). 

General findings  
Superficially, waterholes in the Moonie and Warrego catchments appear very similar. 10 

Therefore we would expect similar relationships between habitat variables and fish 

biomass. However, fish biomass, hence, fish production in the Moonie was around 

three times lower than that in the Warrego. This could be explained by an east-west 

geographic temperature gradient, with westerly regions experiencing higher 

temperatures and greater primary production, hence higher fish production. Fellows et 15 

al. (2008) reported that fish abundance and primary productivity in Cooper Creek, 

which is situated further west along the temperature gradient, was higher than that for 

the Warrego, supporting the concept that temperature/latitude may be important in 

controlling rates of fish production in dryland rivers. Despite different levels of 

productivity, we would still expect patterns of fish biomass to respond similarly to 20 

physical habitat conditions and flow/seasonal variability. However, this is not what 

we found.   

 

There was high spatial and temporal variation in fish biomass in both river systems, 

confirming the dynamic nature of dryland fish assemblages (Puckridge et al. 2000; 25 

Arthington  et al. 2005).  Fish species within these systems are adapted to their 

variable environment; they migrate among waterholes in the presence of flow, exhibit 

a range of breeding strategies in relation to hydrological and seasonal variability in 

habitat and temperature and feed opportunistically (Arthington  et al. 2005; Balcombe  

et al.  2006; 2007; Balcombe and Arthington 2008; Sternberg et al. 2008).  Therefore, 30 

given the highly variable spatial and temporal patterns in fish biomass in the two 

rivers, it could perhaps be expected that the ecological response to physical waterhole 

variables would also be highly variable, or even unpredictable. This expectation was 
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realised in the Moonie data set for both species (excluding one weakly significant 

relationship between bony bream biomass and maximum depth).  

 

The low predictability in fish production in the Moonie River challenges the relevance 

of the physical data used to predict fish biomass, especially the use of variables 5 

measured at a single spatial scale (whole-waterhole). Given that the major drivers of 

fish abundance and assemblage structure in dryland rivers are known to be nested 

within a hierarchy of spatial scales (Arthington  et al. 2005), a broader dataset that 

incorporates both larger and finer spatial scales might be expected to reveal more 

predictable relationships.  However, this seems unlikely to be the only explanation for 10 

weak relationships between physical variables and fish biomass in the Moonie given 

that yellowbelly and bony bream production were highly predictable in the Warrego 

River using a dataset similar to that used in the Moonie River analysis.  

 

This raises the question of why fish production was predictable from equivalent 15 

physical habitat variables in one river and not the other. Importantly, the difference in 

predictability between the Moonie and the Warrego cannot be explained by 

differences in the variability of waterhole attributes. Although waterholes were on 

average larger in the Warrego, the Coefficients of variation of measured physical 

attributes were similar in the two systems.  20 

 

An alternative explanation for the differences in predictability between the two 

catchments relate to the differences in their drainage networks and physical structure. 

The Moonie River has a comparatively simple channel with few tributaries, while the 

Warrego is a larger, more complex effluent system with significant tributaries and 25 

also many distributaries (effluent channels).  These large-scale morphological 

differences may be influencing the strength of relationships between fish production 

and waterhole morphology. Also, the Moonie catchment is more impacted by 

agricultural development than the Warrego, with many banks and riparian zones 

highly eroded and in-stream barriers such as small to medium weirs dispersed along 30 

the length of the river. These barriers may impede fish movement, particularly in low 

to medium flow periods. As such, fish may not be able to colonise the full range of 

waterholes, or actively select any particular waterhole, potentially forcing them to 

settle in sub-optimal habitats. Modified flow regimes can also impact on the primary 
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and secondary productivity of dryland rivers, for example disrupting benthic algal 

production and dependent biota by elevating flows during normally dry spells (Bunn 

et al. 2006b). 

 

The very high variance in fish production (between 70 and 90%) explained by using 5 

the full set of physical variables for the Warrego, demonstrates the importance of 

considering all relevant spatial and temporal scales. Importantly, these models were 

much better able to predict fish productivity than those based only on whole-

waterhole scale variables. Past research in dryland rivers has shown that fish 

assemblages are strongly influenced by processes and habitat structure operating at 10 

more than the waterhole scale (Arthington et al. 2005; Balcombe  et al. 2006; 2007).   

 

It is interesting to note that although individual factors were consistent predictors of 

biomass for a given species some were opposite in sign between the two sampling 

times. One explanation for this could be that the habitat requirements of each species 15 

or size-classes of each species vary through time.  Further analysis of the fish data 

revealed that fish sizes were significantly smaller in the autumn period, with a high 

proportion of new recruits of both species at that time (S. Balcombe, unpublished 

data). This finding highlights the importance of considering environmental conditions 

at different time periods, particularly antecedent flow conditions, when developing 20 

predictive ecological models in hydrologically variable systems, where recruitment 

responses are likely to be tightly linked to flow history and flow events (Puckridge et 

al. 2000; Balcombe and Arthington 2008). 

 

Conclusions 25 

This chapter has demonstrated that it is possible to derive meaningful ecological 

response models for fish production in dryland rivers of the upper Murray-Darling 

Basin.  Clearly, it was not possible to transfer the models between the two catchments 

in this study, potentially because they are different at the landscape scale, both 

physically and in degree of agricultural and water resource development. While 30 

generic, transferable models have obvious management applications (Arthington et al. 

2006), our results highlight the difficulty in developing generic models that might be 

applied to multiple dryland catchments. It is important to understand the fundamental 

differences among catchments and hence the drivers of fish production before 
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attempting to transfer models and any related management practices between 

catchments. It is nevertheless still possible that there are broad-scale attributes of 

catchments that we do not yet fully understand and which ultimately determine the 

predictability of fish production in dryland rivers. The search for stronger explanatory 

models continues. 5 
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Tables 
Table 1.: Biophysical variables collected for waterholes in the Moonie and Warrego 

River catchment and the relevant scales of measurement (LAND = landscape, 

WHOLE = whole waterhole, WITHIN = within waterhole). Note: * indicates 

variables used in reduced dataset for some regression analyses 5 

Moonie catchment Scale Warrego catchment Scale  
Straight-line distance to 
nearest waterhole (SLD) 

LAND Total floodplain width (TFW) LAND 

Turbidity (TUR) WHOLE Effective floodplain width (EFW) LAND 
Area (A) WHOLE Channel distance to nearest 

waterhole (CD) 
LAND 

Depth (D) WHOLE * Straight-line distance to 
nearest waterhole (SLD) 

LAND 

Width (W) WHOLE Bifurcation ratio (BR) LAND 
Wetted Perimeter (WP) WHOLE Number of channels (NOC) LAND 
Cross-sectional area 
(CSA) 

WHOLE * Turbidity (TUR) WHOLE 

Persistence (PERS) WHOLE * Width (W) WHOLE 
Maximum depth (MAXD) WHOLE  * Area (A) WHOLE 
Volume (V) WHOLE  * Cross-sectional area (CSA) WHOLE 
Perimeter (PER) WHOLE  * Width to depth ratio (WD) WHOLE 
Length (L) WHOLE  * Wetted perimeter (WP) WHOLE 
Planktonic Volume (PLV) WHOLE  Shape index (SI) WHOLE 
Benthic Area (BENA) WHOLE  Fetch length (FL) WHOLE 
Snags (SN) WITHIN Perimeter (P) WHOLE 
  * Length (L) WHOLE 
  Circularity (C) WHOLE 
  Elongation ratio (ER) WHOLE 
  Length to width ratio (LW) WHOLE 
  * Volume (V) WHOLE 
  Hydraulic radius (HR) WHOLE 
  Depth of cross section (DCS) WHOLE 
  Mid-channel bars (MCB) WHOLE 
  Backwater (BAW) WHOLE 
  Off-take channels (OC) WHOLE 
  Bench 0–1/3A (B1) WHOLE 
  Bench 1/3–2/3 (B2) WHOLE 
  Bench 2/3–3/3 (B3) WHOLE 
  Side bars (SB) WHOLE 
  Backwater (BAW) WHOLE 
  Anabranches (AN) WHOLE 
  Bed and bank complexity (BBC) WHOLE 
  Eroding banks (EB) WITHIN 
  * Snags (SN) WITHIN 
  Anabranches (AN) WITHIN 
  Boulders (BOU) WITHIN 
  Fringing vegetation (FV) WITHIN 
  Overhanging vegetation (OV) WITHIN 
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Table 2. Summary biophysical data for the Moonie and Warrego River catchments 

for all sampling occasions where measured. 

Sampling 
period 

Factor mean range CV (%) 

MOONIE BIOPHYSICAL    
All times Depth 2.07 1.32-2.87 25 
All times Area x 103 65 10.8-266 106 
All times Cross-sectional area 34.9 16.2-60 34 
All times Width 26.5 18.6-35.2 19 
All times Length 2521 588-8673 92 
All times Volume x 103 77.4 9-224 89 
WARREGO BIOPHYSICAL    
All times Depth 4.89 2.05-5.20 35 
All times Area x 103 111.5 3.2-315 770 
All times Cross-sectional area 174.7 79.9-358.6 50 
All times Width 61.1 4.19-96.9 37 
All times Length 3126 48.4-22413 177 
All times Volume x 103 522 14.4-1068 73 
MOONIE FISH BIOMASS    
All times Yellowbelly biomass 260 0-1393 112 
All times Bony bream biomass 399 3.7-1557 99 
Summer post-
flow 

Yellowbelly biomass 325 7.5-1393 129 

Summer post-
flow 

Bony bream biomass 744 184-1557 55 

Autumn post-
flow 

Yellowbelly biomass 169 18.5-543 88 

Autumn post-
flow 

Bony bream biomass 270 10.3-1159 115 

Spring no-flow Yellowbelly biomass 285 0-902 82 
Spring no-flow Bony bream biomass 184 3.7-563 91 
WARREGO FISH BIOMASS    
All times Yellowbelly biomass 797 0-6453 152 
All times Bony bream biomass 1438 0-3751 89 
Spring no-flow Yellowbelly biomass 764 0-1960 84 
Spring no-flow Bony bream biomass 1684 0-3751 90 
Autumn post-
flow 

Yellowbelly biomass 827 0-6453 194 

Autumn post-
flow 

Bony bream biomass 1207 0-2988 83 
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Table 3. Multiple regression analyses testing the relationship between fish biomass 
and biophysical relationships in the Warrego and Moonie river catchments. 
 

Regression equation, Fratio Adjusted 
R2 

P 

Moonie summer post-flow   
YB = no significant relationships   
BB = -0.43MaxD + 7.9, F1,12 = 6.5   0.3 0.03 
Moonie autumn post-flow   
YB = no significant relationships   
BB= no significant relationships   
Moonie spring no-flow   
YB = no significant relationships   
BB= no significant relationships   
Warrego spring no-flow reduced dataset   
YB0.5 = 4.8D – 75.2SN + 48.3, F2,11 = 9.4  0.56 0.004 
BB = - 0.000035V + 0.932 WP +112, F2,11 = 17.62  0.72 <0.0001 
Warrego autumn post-flow reduced dataset   
YB0.5 = 3.3D + 60.0 SN + 0.04TUR -21.0, F2,11 = 12.3  0.71 0.001 
BB = 0.003 A + 445D - 2396LnCSA – 17 WP + 11830,  F4,10 = 16.3  0.81 <0.0001 
Warrego spring no-flow full dataset   
YB0.5=6.0D -31.6MCB -34.3 EB -101SN +72.9, F4,9=8.523 0.7 0.004 
BB0.5 = - 12.6D + 48.1B2  - 12.0LnSLD - 29.1LnCSA + 86.2 LnBAW - 
0.03TUR + 236, F4,9 = 73.1  

0.97 <0.0001 

Warrego autumn post-flow full dataset   
YB0.5 = 54.0 MCB + 337 BOU + 84.4 SN -29.2 OVV + 4.4 LnBR + 
0.05TUR – 21.0, F4,9 = 52.7  

0.96 <0.0001 

BB = 624D – 1844B3 + 387LnFL –  2903LnCSA, + 10632, F4,9 = 16.8  0.82 <0.0001 
 

5 
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Table 4 Standard errors and significance levels of regression coefficient for 
significant equations reported in Table 3 (See Table 3 for coefficient values). n.s. = 
not significant at P<0.05. 

 ERROR p 
Moonie summer post-flow - BB   
Maximum depth 0.17 0.02 
Constant 0.58 <0.0001 
Warrego spring no-flow reduced dataset-YB   
Depth 1.7 0.02 
Snags 20.2 0.003 
Constant 14.4 0.007 
Warrego spring no-flow reduced dataset-BB   
Volume 0.000009 0.002 
Wetted perimeter 0.232 0.002 
Constant 15 <0.0001 
Warrego autumn post-flow reduced dataset-YB   
Depth 1.8 n.s. 
Snags 18.9 0.009 
Turbidity 0.008 0.001 
Constant 17.9 n.s. 
Warrego autumn post-flow reduced dataset-BB   
Area 0.001 n.s. 
Depth 113 0.003 
Cross-sectional area 413 <0.0001 
Wetted perimeter 5.9 0.02 
Constant   
Warrego spring no-flow full dataset -YB   
Depth  2.0 0.003 
Mid channel bars 20.0 n.s. 
Eroding banks 13.7 0.03 
Snags 20 0.001 
Constant 15.8 0.001 
Warrego spring no-flow full dataset -BB   
Depth  1.5 <0.0001 
Bench 1/3 - 2/3  6 <0.0001 
Straight Line Distance 1.8 <0.0001 
Cross sectional area 4.3 <0.0001 
Backwaters 12.1 <0.0001 
Turbidity 0.004 <0.0001 
Constant 19 <0.0001 
Warrego autumn post-flow full dataset -YB   
Mid channel bars 9.8 0.001 
Boulders 53 <0.0001 
Snags 8.0 <0.0001 
Overhanging vegetation 4.3 <0.0001 
Bifurcation ratio 1.4 0.01 
Turbidity 0.004 <0.0001 
Constant 11.8 n.s. 
Warrego autumn post-flow full dataset -BB   
Depth 117 <0.0001 
Bench 2/3-3/3 127 n.s. 
Fetch length 127 0.01 
Cross sectional area 372 <0.0001 
Constant 1632 <0.0001 
 
 5 
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Figure Legends 
 
Figure 1. Map of study area and sites (and site abbreviations) in the Warrego and 
Moonie River catchments.   
 5 
Figure 2. Daily discharge for a). the Moonie River at Nindigully and b) the Warrego 
River at Cunnamulla Weir. Arrows indicate individual sampling occasions. 
SpN=spring no-flow, AuP=autumn post-flow, SuP=summer post-flow, AuP=Autumn 
post-flow. 
 10 
Figure 3.  Fish biomass on three sampling occasions in 14 waterholes of the Moonie 
River River catchment for a.) yellowbelly and b.) bony bream. See Figure 1 for key to 
waterhole abbreviations. 
 
Figure 4. Fish biomass on two sampling occasions in 15 waterholes of the Warrego 15 
River catchment for a.) yellowbelly and b.) bony bream. See Figure 1 for key to 
waterhole abbreviations. 
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