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NON-TECHNICAL SUMMARY 

 
Fish in Irrigation Offtakes:  A literature review 

 
 
PRINCIPAL INVESTIGATOR: Lee Baumgartner 
 
ADDRESS: Narrandera Fisheries Centre 
 PO Box 182 
 Narrandera    NSW    2700 
 Telephone: 02 6959 9021;   Fax: 02 6959 2935 
 
OBJECTIVE: 
 
To provide a detailed literature review on the occurrence of fish in irrigation offtake systems. 
 
NON TECHNICAL SUMMARY: 
 
The Murray-Darling Basin is Australia’s largest catchment covering over one million square 
kilometres and draining water from five separate states and territories. Much of the basin is located 
in semi-arid to arid climatic zones and receives low mean annual rainfall (430mm) with high 
evaporation. Ninety-eight percent of the catchment contributes little or no run-off, and 
subsequently, the system has a relatively small annual discharge (12,200GL) compared with other 
Australian rivers. Despite this reduced flow, the Murray-Darling Basin supports at least 40% of 
Australia’s agricultural production, a population of over 2 million people and is one of Australia’s 
most important natural resources. 
 
The overall health of the Murray-Darling system has declined over the last 100 years largely due to 
factors such as overfishing, water extraction, land clearing, alteration of natural flow regimes, 
riparian degradation and reduced connectivity. Whilst the degradation of the Murray River has had 
detrimental effects on virtually all resident biota impacts on the abundance and diversity of native 
fish have been particularly profound. In particular, recent estimates suggest native fish numbers 
within the Murray-Darling Basin may now be 10% of pre-European levels. 
 
Several reviews have identified the factors associated with river regulation that could adversely 
affect aquatic fauna, including obstructions to migration, modification of flow regimes, alteration 
of habitat and the extraction of larvae and recruits. Furthermore, many scientists have identified 
that aquatic communities in unregulated rivers of the basin are generally characterised by greater 
levels of species richness and diversity than regulated rivers. However, few researchers have 
specifically identified which ecological processes, interrupted by river regulation, contribute to 
these observed discrepancies. Subsequently, there is little information to assist the development of 
management strategies aiming to reduce the potential impacts of these irrigation practices on 
aquatic ecosystems. 
 
This review was done to collate previously published information regarding the occurrence of fish 
in irrigation offtake systems and discuss these issues in the context of the Murray-Darling Basin 
and other Australian freshwater systems. 
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1. INTRODUCTION 

The Murray-Darling Basin 

The Murray-Darling Basin is Australia’s largest catchment covering over one million square 
kilometres and draining water from five separate states and territories (Figure 1). Its main 
constituent is the Murray River (2,560 km), which rises in the alpine regions of southern NSW and 
meets the sea at the Coorong estuary in South Australia (Walker, 1985). The Darling River is the 
second largest drainage system in the Basin and rises as the Condamine River in Queensland and 
joins the Murray near Wentworth, approximately 700km from the sea. Although the Darling River 
is greater in length (2,740 km), it contributes much less total discharge than the Murray River 
(Walker, 1985). 
 
Most of the Murray-Darling Basin represents a typical dryland river system. Much of the basin is 
located in semi-arid to arid climatic zones and receives low mean annual rainfall (430mm) with 
high evaporation (King, 2002). Ninety-eight percent of the catchment contributes little or no run-
off, and subsequently, the system has a relatively small annual discharge (12,200GL) (Crabb, 
1997). Despite such relatively low discharge, the Murray-Darling Basin supports at least 40% of 
Australia’s agricultural production (MDBC, 2003) and a population of over 2 million people 
(Jacobs, 1990). It is therefore an extremely important natural resource in Australia. 
 
Since European settlement, increased river regulation has fundamentally changed the nature of 
flows within the Murray-Darling Basin. Flow peaks historically occurred in winter and spring 
(Walker, 1985) but now more frequently occur in summer, coinciding with increased irrigation 
demand. These flows are regulated by over 100 storages that have been constructed along the 
Murray and its tributaries (Walker, 1985), including a series of barrages at the tidal limit (Lay and 
Baumgartner, 2004). Seventeen of these weirs were constructed on the main channel of the Murray 
River to increase navigability for boats and other recreational users. Consequently, the main 
channel of the Murray River is now characterised by a series of large fragmented weir pools with 
suppressed flow peaks and disrupted longitudinal connectivity (Walker, 1985). 

Declines in Murray-Darling Basin fish assemblages 

The structure of fish assemblages is quite different between Northern (Darling) and Southern 
(Murray) regions (Gehrke and Harris, 2000). Herbivores and detritivores are numerically more 
dominant in northern regions and several species, notably spangled perch (Leipotherapon 
unicolor), Darling-River hardyhead (Craterocephalus amniculus) and hyrtl’s tandan (Neosiluris 
hyrtlii), are not found in southern reaches (Schiller and Harris, 2001). The distribution of these 
species, especially spangled perch (Gehrke, 1988), generally corresponds with higher water 
temperatures, which are characteristic of the northern basin. 
 
Many smaller bodied species, with tolerances to lower water temperatures, such as Australian smelt 
(Retropinna semoni) and western carp gudgeon (Hypseleotris spp) dominate southern parts of the 
basin. Species whose distribution is restricted to the southern regions of the Basin include Murray 
galaxias (Galaxius rostratus), southern pygmy perch (Nannoperca australis) and Macquarie perch 
(McDowall, 1996). 
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Figure 1. A map of the Murray-Darling Basin highlighting its major rivers and tributaries. 
 
 
Whilst many of these species remain relatively common throughout their distributional range, the 
overall health of the Murray-Darling system has declined over the last 100 years largely due to 
water extraction, land clearing, alteration of natural flow regimes, riparian degradation and reduced 
connectivity (Reid et al, 1997). 
 
It was recently estimated that over 95% of the Murray River was degraded in some capacity and 
that 40% of the river length contained biota that had declined in both range and abundance (Norris 
et al, 2001). Whilst the degradation of the Murray River has had detrimental effects on virtually all 
resident biota (Gippel and Blackham, 2002), impacts on the abundance and diversity of native fish 
have been particularly profound (Lake, 1971; Brumley, 1987; Cadwallader and Lawrence, 1990; 
Harris and Gehrke, 1997). 
 
Further estimates suggest that native fish numbers within the Murray-Darling Basin may now be 
10% of pre-European levels (MDBC, 2003). Mallen-Cooper (1996) compared historical catch data 
on golden perch, silver perch and Murray cod recorded from a fish trap at Euston Weir (Murray 
River) between 1940-45 and 1987-92 and demonstrated that numbers had declined by 51%, 94% 
and 96% respectively. In addition, dramatic declines in catch-per-unit-effort of the commercial 
freshwater fin-fisheries in the states of New South Wales and Victoria led to their eventual closure 
(Reid et al, 1997). Further, of the 39 native fish species known to reside in the basin, 16 are now 
listed as threatened under either state or commonwealth legislation (Morris et al, 2001) and the 
entire lower Murray fish community has been listed as threatened (FSC, 2001). 
 
Since the mid-1960’s, an introduced species, the common carp (Cyprinus carpio), has successfully 
colonised most areas within the basin (Koehn et al, 2000). Other alien species, such as oriental 
weatherloach (Misgurnus anguillicaudatus), redfin perch (Perca fluviatilis) and goldfish 
(Carassius auratus) are also locally abundant in some regions. Generalist alien species are known 
to successfully establish populations in rivers and streams subjected to human disturbance (Ross et 
al, 1985). Subsequently, alien species are generally more abundant in regulated rivers within the 
Murray-Darling Basin, especially in areas where declines in native fish numbers have been 
experienced (Gehrke and Harris, 2001). 
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Flow regulation in the Murray-Darling Basin 

Since European settlement in the late 1700’s, humans have cleared and cultivated large areas of 
Australian land for agricultural purposes. To meet the increasing demands of both a growing 
population and a developing agricultural industry, individual state agencies began (in the late 
1800’s) to divert and store water from major rivers and their associated tributaries (Jacobs, 1988). 
However, Australian river catchments have low annual rainfall and highly variable flow (Walker et 
al. 1995, Puckridge et al. 1998). Consequently, to ensure that required volumes of water were 
constantly available, at least 144 large dams were constructed on various rivers between 1900 and 
1995 (Kingsford, 1995). In addition, numerous smaller regulatory structures were also constructed 
for diversion and storage purposes (Kingsford, 1995). It is likely that such a degree of has had a 
substantial impact on the abundance and distribution of aquatic fauna. 
 
Several reviews have identified the number of factors associated with river regulation that could 
adversely affect aquatic fauna, including obstructions to migration, modification of flow regimes, 
alteration of habitat and the extraction of larvae and recruits (Walker, 1985; Kingsford, 2000). 
Furthermore, many scientists have identified that aquatic communities in unregulated rivers of the 
basin are generally characterised by greater levels of species richness and diversity than regulated 
rivers (Gehrke et al, 1995; Gehrke and Harris, 2001; Humphries et al, 2002). However, few 
researchers have specifically identified which ecological processes, interrupted by river regulation, 
contribute to these observed discrepancies. Subsequently, there are few data to assist the 
development of management strategies aimed at reducing the potential impacts of these irrigation 
practices on aquatic ecosystems. 

Irrigation Practices in the Murray-Darling Basin 

Irrigation is the largest user of water in the Murray-Darling system (Mackay and Eastburn, 1990). 
Agricultural practices in the basin are extensive, but diverse, and a variety of crops are cultivated 
annually including wheat, barley, corn, rice, cotton, grapes, citrus and vegetables. To adequately 
service these crops, an average (between 1988 and 1994) of approximately 10,232Gl of water per 
year (MDBC, 1995) are diverted from rivers within the basin to irrigate a total of 670,000 hectares 
of land (Young and Hillman, 2001). In contrast, extractions for town supply and domestic use are 
substantially lower at 452Gl per year (MDBC, 1995). 
 
In some cases, the amount of water extracted or diverted at weirs represents a large proportion of 
the total flow within individual rivers. For example, during times of peak irrigation demand, up to 
50% of total river flow is extracted from the Murrumbidgee River at Berembed Weir to supply 
water to the Murrumbidgee Irrigation Area (Ebsary, 1992). Of all flows diverted within the 
Murray-Darling Basin, the greatest percentage (22% of total) is drawn from the Murrumbidgee 
River (MDBC, 1995). 
 
Although irrigation is extensive in the Murray-Darling Basin, methods to extract water differ 
substantially between Southern and Northern regions. Rivers within southern reaches of the basin 
generally exhibit higher annual rainfall (Nix and Kalma, 1988) and flow is largely regulated by 
controlled releases from upland storages. On the main channels of these rivers, regulatory weirs 
have been specifically constructed to gravity feed water into canals and effluent creek systems 
where irrigation water is required (Young and Hillman, 2001). Farmers then either pump or siphon 
water out of these canals and creeks directly onto crops. 
 
In contrast, rivers in Northern regions of the basin are relatively isolated, exhibit low topography, 
experience high evaporation rates and have variable and unpredictable flow patterns (Gehrke, 
2001). In addition, northern rivers often begin and end in inland regions, where there are seldom 
any suitable sites for large dams (Kingsford, 1999). Subsequently, most water used for irrigation is 
extracted directly from main river channels and deposited in privately owned off-river storages. 
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Water is then extracted from these storages, and distributed onto irrigated crops. Although the 
relative volumes of water used to fill off-river storages do not differ from gravity-fed irrigation 
systems, they are more difficult to quantify as pumping is largely regulated by private users, rather 
than through the delivery of ordered releases by government agencies (Kingsford, 1999). 
 
This contrast in extractive water use between northern and southern regions is likely to have 
different ecological impacts on aquatic fauna. Therefore, developing methods to mitigate any 
adverse ecological effects may require the implementation of management strategies that are quite 
specific to individual water extraction methods. Unfortunately, the development of such strategies 
is currently precluded by a lack of available information regarding the nature and extent of such 
impacts on aquatic fauna within the Murray-Darling Basin. 
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2. POSSIBLE EFFECTS OF WATER EXTRACTIONS 
ON MURRAY DARLING BASIN FISH 

COMMUNITIES 

Removal of migratory species 

Fish of the Murray-Darling Basin exhibit a diversity of behaviour at different life stages and it is 
therefore likely that irrigation practices will impact native fish in a variety of different ways. The 
previously described differences in fish assemblage structure between northern and southern 
regions, combined with differences in extraction methods, may necessitate the development of 
mitigation measures that are specific to different species and regions of the Murray-Darling Basin. 
 
Fish communities of the Murray-Darling Basin are highly migratory, exhibiting movements in both 
upstream (Reynolds, 1983; Mallen-Cooper, 1996) and downstream (Humphries et al, 2002; 
Gilligan and Schiller, 2004; O’Connor et al, 2004) directions. Until recently, fish migration studies 
within the Murray-Darling Basin focused primarily on species of recreational or commercial 
importance (Reynolds, 1983; Mallen-Cooper, 1996; Thorncraft and Harris, 1996). However, recent 
studies have also demonstrated that larval native fish also undertake substantial downstream 
movements (Humphries et al, 1999; Humphries and Lake, 2000; Humphries et al, 2002) and that 
many small-bodied species are also migratory (Baumgartner, 2004). Therefore, the development of 
suitable measures to reduce fish entrainment into irrigation systems should provide for upstream 
and downstream migrants of a large range of size classes and species (Figure 2). 
 
The cues, nature and scale of migrations vary greatly between species but are usually in response to 
increases in water temperature or river flow (Mallen-Cooper, 1996). Fish movements are also 
highly seasonal, sometimes peaking during summer and autumn (Baumgartner, 2004) and, in some 
cases, individuals have traversed over 2,300km during flood conditions (Reynolds, 1983). 
Although migrations over such large scales are rare, many fish species are frequently observed to 
either negotiate fishways (Stuart et al, 2004) or accumulate downstream of obstructions 
(Baumgartner, 2004). Therefore, if irrigation diversions involve a large proportion of river flow, 
and occur during times of increased migratory activity, many species may inadvertently move out 
of main river systems and into irrigation channels where there are limited possibilities for return. 
 
Approximately 80% of natural flow in the Murray-Darling Basin is diverted and currently there are 
no mechanisms in place to prevent fish, or other organisms, from leaving main river systems 
(Blackley, 2003). Considering this situation, irrigation diversions are most likely to affect fish 
through direct extractions from main river channels, which will be manifest during larval and 
juvenile stages, because these generally have poorer swimming abilities (Koehn et al, 2003). 
 
Furthermore, it is generally assumed that, once an individual has entered an irrigation system, it is 
effectively ‘lost’ from the main river population (Prince, 1923). Therefore, if many individuals are 
consistently ‘lost’ to irrigation diversions on an annual basis, the size and age structure of main-
channel fish populations may be skewed towards larger, and older fish with stronger swimming 
abilities, because of the frequent extraction of larvae and juveniles. 
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Figure 2. The Murray cod (Maccullochella peelii peelii), a large migratory species 
distributed throughout the Murray-Darling Basin. 

 
 

Removal of larvae and eggs 

Early life history stages, where individuals have relatively poor swimming abilities, would be 
particularly susceptible to diversion or extraction from main river channels by irrigation practices. 
In particular, many species within the Murray-Darling Basin exhibit stages where larvae 
involuntarily drift downstream with the river current (Humphries et al, 1999; Humphries and Lake, 
2000; Humphries et al, 2002; Gilligan and Schiller, 2003). During these stages, fish are generally 
incapable of swimming against currents and, if large proportions of river flow are diverted, many 
larvae could be lost from main river channels (Koehn et al, 2003). It should be noted, however, that 
three broad categories of larval drift have been identified from the Murray-Darling Basin (obligate 
drifters, facultative drifters and non-drifters (Humphries and King, 2003)), and the potential 
impacts of irrigation diversion may vary among species with different drifting strategies. 
 
Obligate drifters are described as those that are collected predominantly in the drift and for which 
downstream transport is a necessary life-history requisite, such as Murray cod. Facultative drifters 
are occasionally sampled from the drift, but drifting only serves as a mechanism for dispersal, such 
as Australian smelt, common carp and flatheaded gudgeon (Phylipnodon grandiceps). Non-drifters, 
such as crimson-spotted rainbowfish, river blackfish (Gadopsis marmoratus), Redfin perch and 
mosquitofish (Gambusia holbrooki), generally do not drift unless they are unwillingly caught in 
strong currents. Given the nature of these differences in drifting behaviour, irrigation diversions are 
therefore likely to affect obligate and facultative drifters more than non-drifters. 
 
In North America, the potential for fish to be removed from main channels into irrigation systems 
has long been recognised (Prince, 1923; Clothier, 1953; Mueller, 1996). In irrigation diversions at 
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Lake Havasu, Arizona, it was determined that approximately 3 million larvae were extracted each 
day (Mueller, 1996). Similarly, between 6,000 and 15,000 larval fish were estimated to be entering 
the Marchfeldkanal system from the Danube River (Austria) on a daily basis (Unfer and Schmutz, 
1998). More locally, it was suggested that over 1,000,000 larvae and eggs might be extracted 
annually from the main channel of the Murray River through irrigation diversions (Gilligan and 
Schiller, 2003). Although such assertions are yet to be quantified for Australian systems, the 
extraction of even a small percentage of egg and larval production may represent a substantial loss 
of potential recruits from main river environments. 
 
Given that the relative accuracy of published estimates remains unknown, quantifying the extent 
and seasonality of this potential vulnerability is an essential step in the development of an effective 
means of mitigating potential impacts. 
 
 

 
 

Figure 3. A larval Murray cod (Maccullochella peelii peelii), a known drifting species within 
the Murray-Darling Basin. 

 
 
In addition to the potential effects on larvae, the eggs of some species may also be susceptible to 
extraction into irrigation channels (Gilligan and Schiller, 2003). Fish most susceptible to this form 
of extraction include species that have buoyant or semi-buoyant eggs, such as golden perch and 
silver perch (Group 4 in Figure 4) or eggs that are non-adhesive and could be displaced by high 
flows such as for Murray jollytail, Southern pygmy perch, spangled perch or bony herring 
(Nematolosa erebi) (Group 6 in Figure 4). Although this potential threat to eggs has been 
recognised, the extent has not yet been determined for Australian freshwater systems. 
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Fish assemblages in irrigation canals 

If the survival of extracted eggs and larvae is high, and suitable habitat is available, some species 
may establish self-sustaining populations in irrigation systems. For example, since its initial 
operation in 1986, a total of 16 species have successfully colonised the Hayden-Rhodes and Salt-
Gila irrigation systems in North America (Mueller, 1996). Furthermore, the abundance of larvae 
increased substantially downstream of both diversions, suggesting that many species of fish were 
actively spawning within the system. Interestingly, Arctic grayling (Thymallus arcticus) became 
established in the intermittent Sunnyslope canal (Montana, USA) at a time when most fluvial 
populations of this species had decreased in range and abundance (Barndt and Kaya, 2000). Such 
observations have led to assertions that irrigation canals could potentially sustain harvestable 
fisheries or may be suitable for aquaculture ventures (Mueller, 1996; Fernando and Halwart, 2000). 
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Figure 4. A flow diagram highlighting the diversity of reproductive strategies among native 
fish within the Murray-Darling Basin based on physical properties of eggs 
(reproduced from Schiller and Harris, 2001). 

 
 
Not all irrigation systems contain conditions that favour spawning, recruitment and growth. In fact, 
species diversity is known to be particularly low from Sudanese canal systems, due largely to the 
absence of suitable habitat and the high variability of flow (Coates, 1984). In addition, low levels 
of food availability have been associated with altered growth rates of tilapia (Tilapia zillii) from 
irrigation canals in Southern California (Legner and Murray, 1981). Furthermore, species with low 
tolerances to frequent disturbance generally exhibit poor recruitment from the Oder-Havel canal in 
Germany because the system is also used for navigation purposes (Arlinghaus et al, 2002). 
Therefore, although many fish may be extracted from main river systems into irrigation canals, the 
survival of some species may be limited because of unsuitable conditions and inappropriate habitat. 
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The reduced opportunities for feeding and growth in some irrigation canals could potentially lead 
to increases in disease epidemics among some fish species. For instance, irrigation canals with 
shallow depths are subject to relatively large short-term temperature variations that could place 
undue stress on species with low thermal tolerances (Kennedy, 1977; Esch, 1983; Astles, 2000). In 
Malaysia, a freshwater cyprinid (Puntius binotatus) is particularly susceptible to parasitic 
infestations in irrigation systems because of increased stress arising from temperature fluctuations 
(Leong, 1986). This observation suggests that some irrigation canals may act as a reservoir for fish 
diseases and parasites. If such systems are re-connected to main river channels during a flood, fish 
in the main river system would be subsequently exposed to pathogens and disease risks may 
increase. 
 
Fish can attain relatively large densities in irrigation canals (Prince, 1923; Minkley et al, 1983). 
Such situations could potentially increase pressure on available prey and therefore have deleterious 
consequences for other aquatic taxa. In many canal systems of North America, herbivorous fish 
place enormous pressure on resident populations of aquatic macrophytes (Schoenherr, 1979; 
Thullen et al, 1985). In fact, grass carp (Ctenopharyngoden idella) are actively stocked into some 
canals as a biocontrol mechanism to prevent the spread of invasive weeds (Thullen et al, 1985). In 
Zimbabwe, the presence of a small cichlid species (Sargochromis codringtoni) was implicated in 
substantially reduced numbers of two species of freshwater snail (Biomphalaria pfeifferi and B. 
globosus) because of increased predation (Brodersen et al, 2002). Within the Murray-Darling Basin 
an endangered species of freshwater snail (Notopala sublineata) is known to inhabit irrigation 
canals (Sheldon and Walker, 1993). Therefore, the presence of molluscivorous fish in irrigation 
canals of the Murray-Darling Basin could result in similar exploitation of freshwater snail species. 

Water quality and disease in irrigation canals 

The cultivation of crops often requires the use of chemicals to control pests and reduce disease 
outbreaks. During excessive rain events, or through seepage, it is possible that some of these 
substances could enter irrigation canals and adversely affect water quality. The direct application of 
some pesticides is routinely undertaken in irrigation canals of North America, to control the spread 
of invasive vegetation, but one such application resulted in the death of over 92,000 steelhead trout 
(Oncorhynchus mykiss) (Hamel, 2001). Similarly, irrigation discharges into Vaccares Lagoon, 
France, result in unnatural organochloride accumulations in muscle tissue of European eel 
(Anguilla anguilla), crucian carp (Carassius carassius) and catfish (Ictalurus nebulosus) (Roche et 
al, 2000). Such accumulations of chemicals in muscle tissue can lead to metabolic disturbances 
(Gimeno et al, 1994) or even death. 
 
In addition to chemical contamination, irrigation canals may be subjected to other intermittent 
changes in water quality parameters. During water stoppages, areas that contain high densities of 
fish may be subjected to low dissolved oxygen levels and possibly lead to fish kills (DuPlessius, 
2004). Also, when irrigation demand is low, some irrigation channels may be drawn-down, 
resulting in water that is shallow. Such shallow water is subject to sudden temperature variations, 
which are known to increase the likelihood of fish kills (Koehn et al, 2004). Fish populations may 
also be increasingly stressed when less water is available, especially if present in unusually high-
densities. 

Mechanical damage and fish mortalities by pumps 

The extraction of water via pumps could result in increased injuries or mortality if fish are 
involuntarily drawn into these systems. For example, fish passing through a hidrostal pump facility 
in California exhibited injuries such as de-scaling, and damage to fins, eyes and heads associated 
with passage through the system (Helfrich et al, 2003). Such injuries are likely to affect larger-
bodied fish more than small fish and juveniles because the risk of physical strike would be greater, 
especially if the pipe diameter is relatively small. 
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3. MITIGATING THE EFFECTS OF IRRIGATION 
PRACTICES 

There are a number of methods available to reduce the potential impacts of irrigation systems on 
riverine fish communities including screening, altering the operations of irrigation diversions or 
using behavioural exclusion devices (Blackley, 2003). 
 
 

 
 

Figure 5. An example of a three-bay fish screen commonly used in North America to reduce 
the extraction of fish into irrigation offtakes. 

 

Screening facilities 

Fish screening facilities are designed to direct fish away from irrigation diversions and back to the 
river (Neitzel, 1990). Fish screens can take a variety of forms including vertical screens, rotating 
drums screens or pump screens (Blackley, 2003) (Figure 5). However, the appropriateness of a 
particular screen design to an installation depends largely on the target species, the expected 
volume of flow, the shape (and nature) of the diversion system and maintenance requirements. In 
North America, screening facilities are commonly constructed to prevent the extraction of 
anadromous salmonids from main river systems, and incorporate mesh sizes sufficient to exclude 
particularly small individuals (NMFS, 1997; Neitzel et al, 1990). Given the vulnerability of 
smaller-bodied fish to be extracted, the swimming ability of target species is the primary factor 
determining the ultimate design of a screen (NMFS, 1997). Subsequently, fish screens are often 
individually designed for specific installations. 
 
Although screening offtakes can greatly decrease the incidences of fish mortality, they can also 
increase the probability of fish experiencing minor injuries  (Neitzel et al, 1988). For example, fish 
that use the Waipato screening facility on the Yakima River, in the USA are commonly observed to 
lose scales (Neitzel et al, 1990). In addition, predators, such as birds and fish, are known to 
accumulate in the vicinity of some screening facilities to exploit salmonid fry that are diverted by 
the screens (Neitzel, 1990). Therefore, although the screening facilities partly mitigate the effects 
of water diversions, not all ecological impacts can be adequately ameliorated. 
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Less conventional diversion methods 

In addition to physical screens, some innovative methods of fish exclusion such as electricity, 
bubble curtains or hydroacoustics have also been installed at specific installations (Clay, 1995). 
Electrical screens use pulsed DC current to encourage fish to swim away from diversion areas and 
have been installed with limited success (Clay, 1995). At one of the more successful installations, 
the Rouge River hydroelectric facility (USA), all downstream fish movements immediately 
changed to an upstream direction when exposed to the electric field (Johnson and Hoffman, 2000). 
However, electric fields strong enough to repel small fish often stun large fish and cause them to be 
drawn into the offtake (Turnpenny et al, 1998). Therefore, the application of this technology is 
limited at sites where fish of many different sizes are likely to migrate. In addition, widespread 
applications of this technology are often precluded by high maintenance costs and difficulties 
associated with installation at remote sites. 
 
A bubble curtain, where a stream of bubbles is used to form a physical barrier to migrating fish, has 
also been partially successful at preventing fish entrainment into irrigation offtakes (Turnpenny et 
al, 1998). Fish deflection via this method is reportedly as high as 98%, but the efficiency of this 
system dramatically falls during darkness or in highly turbid conditions (Solomon, 1992). In 
addition, fish deflection is generally low in slow-flowing environments, such as in weir pools (Liu 
and He, 1988).  Subsequently, the performance of bubble curtains in field applications is generally 
poor (Turnpenny et al, 1988). 
 
Acoustic deflection systems, using a mechanical instrument that generates strong underwater 
sounds to repel fish, have also received widespread field assessments (Clay, 1995; Turnpenny et al, 
1998). Wood et al (1994) report that the success of hydroacoustic systems can be as high as 80% 
for fish species in the United Kingdom. In addition, North American trials have demonstrated high 
deflection rates for atlantic salmon, trout (Salmo trutta) and many estuarine species (Loeffelman et 
al, 1991). The success of acoustic barriers can be species and size specific, as the sensitivity of fish 
to underwater sound can vary substantially (Turnpenny et al, 1998). The reported successes of 
overseas applications suggest that acoustic barriers may be worthy of field assessments in 
Australian freshwater streams where fish entrainment into irrigation systems is problematic. 

Habitat improvements 

In areas where preventing the extraction of fish into irrigation channels is not possible, habitat 
enhancements may provide a suitable alternative to increase fish survival rates. However, as 
irrigation canals are primarily constructed for water delivery, the use of rocks, logs or snags can 
often obstruct water flow and are generally not tolerated (Mueller and Liston, 1994). In contrast, 
tyre reefs are commonly constructed in Californian irrigation canals because they offer suitable 
habitat for extracted fish and have little impact on flow (Mueller and Liston, 1994). Such 
techniques could provide positive benefits for both fish and macroinvertebrates. 
 
Although these methods to mitigate the effects of water extractions are commonly documented in 
North American systems, there are no reported cases of screening or habitat improvements being 
considered or assessed for rivers within the Murray-Darling Basin. 

Operational mitigation 

Behaviour specific to a number of native species within the Murray-Darling Basin suggest that 
altering the operation of irrigation offtakes could mitigate some effects of irrigation diversions. For 
instance, larvae of Murray cod have been frequently reported to only drift nocturnally (Gilligan and 
Schiller, 2003; Humphries and King, 2003). Therefore, restricting water extractions to nocturnal 
periods may represent a suitable mechanism to minimise potential impacts on Murray cod. In 
addition, given that species of native fish within the Murray-Darling Basin exhibit migrations at 
specific times of the year (Mallen-Cooper, 1996; Baumgartner, 2004), restricting water diversions 
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to periods where fish are unlikely to be migrating could represent an effective method to limit the 
extraction of larger species. 
 
Given the requirements of water delivery, operational techniques are rarely considered as a method 
to reduce fish entrainment. Of the few documented examples, Thomas in Hiebert et al (2003) 
describes a method of reducing entrainment by manipulating the velocity of extracted water at 
Rimrock Reservoir, USA but it is unknown whether the plan was implemented or assessed. 
Limiting irrigation flows to nocturnal periods was also considered a possible method to prevent fish 
entrainment at the Lower Yellowstone Diversion Dam in Montana (USA) (Hiebert et al, 2000). 
However, this suggestion was not progressed, as the higher daytime flows required to offset the 
night-time reduction would have resulted in substantial daytime losses of fish. Subsequently, 
published accounts of methods used to mitigate the effects of water diversions are limited to 
physical methods such as screens or habitat construction. 
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4. CONCLUSION 

Whilst there are few empirical data on the effects of irrigation diversions in Australian river 
systems, enough scientific evidence exists to suggest that the effects on fish communities are likely 
to be substantial. Fish of the Murray-Darling Basin exhibit a diversity of life history strategies and 
occupy a range of habitats. Therefore, it is likely that the effects of irrigation diversions will impact 
on many species in a highly contrasting manner. To determine the extent of potential impacts, 
research is required to quantify which species are most vulnerable to extraction by irrigation 
practices and whether this susceptibility varies substantially over temporal scales. Once quantified, 
appropriate management strategies to mitigate any observed effects could be developed and 
implemented. Ultimately, these practices may help to arrest the widespread declines of native fish 
communities that have been observed over the past 100 years. 
 
This review has identified a number of items that require further investigation within the Murray-
Darling Basin, including: 

 Determining which species (and the numbers involved) are most susceptible to extraction 
by water diversions and pumping systems. 

 The extent to which individuals with poorer swimming abilities, such as juveniles and 
larvae, are removed from main river channels. 

 Whether eggs are also susceptible to extraction. 
 If the removal of eggs and larvae substantially reduce recruitment in main river channels 

and influences the size and age structure of riverine populations. 
 Whether passage through different designs of pumping systems or irrigation offtakes can 

reduce the probability of injury or death. 
 Testing and implementing appropriate methods of mitigation such as screens, habitat or 

operational improvements. 
 Developing models to predict river conditions and temporal periods where fish are most 

susceptible to extraction. 
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