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KEY TERMS AS DEFINED IN THIS REPORT

Approach velocity: Velocity of water flowing in the vector perpendiauto, andin front of, the
screen face. As velocity decline steadily with @asing distance from the screen, approach
velocity in this report was measured 8 cm (3 inthedront of the screen, which is typical of
screening guidelines throughout the world.

Contact: when a fish touches a screen, in either a temparaorolonged manner.

Design criteria: Aspects of a screens design which interact to anpafish’s ability to avoid
entrainment or contact at a screen. These typicalser factors such as screening mesh type or
size and velocities generated at the screen.

Entrainment: When a fish is pulled or drawn into an intake.

Fish screen:A device used to direct fish away from a wateredsion, thereby reducing rates of
fish entrainment whilst still allowing water to delivered to where it is required.

Impingement: A type of screen contact where a fish is heldr@gjahe screen face for a prolonged
period. In this study this was defined as > 3 sdcon

Screen porosity: The percentage of the screen face that is ‘opepooous to provide passage of
water. This is typically expressed as percent @pea of screen face.

Screen mesh type/sizeRefers to the material used to construct a fiskestand relates to the type
of material used (e.g. wedge wire or perforatedatheind the porosity or size of the apertures that
give the screen its porosity.

Slot velocity: In contrast to approach velocity, slot velocitfers to water as it pass#sough the
screen. Because velocity decreases rapidly with increadistance from the screen face, a given
slot velocity will correspond to a smaller approaghocity (see above). In its simplest form, slot
velocity is a function of discharge through theak#, screen surface area, and screen porosity (see
above).

Sweeping velocity:Velocity of water flowing parallel to, and front of, the screen face.

Water intake, offtake or diversion: A specific point in a river where water is abstegicfrom the
channel.

Boys et al. Development of fish screen criteria
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NON-TECHNICAL SUMMARY

Development of fish screening criteria for wateredsions in the Murray-Darling Basin

PRINCIPAL INVESTIGATOR: Dr Craig Boys

ADDRESS: Port Stephens Fisheries Institute
Locked Bag 1
Nelson Bay, NSW, 2315, AUSTRALIA
Telephone: +61 2 4982 1232 Fax: + 61 2 4982 2265
e-mail: craig.boys@dpi.nsw.gov.au

OBJECTIVES:

» To undertake experiments to develop physical desigteria for fish screens at water
diversions in the Murray-Darling Basin.

» Undertake a scoping study of fish screening progratsewhere in the world and make
recommendations as to how to best initiate a similagram in the Murray-Darling Basin.

NON TECHNICAL SUMMARY:

Native fish populations in the Murray-Darling Basire estimated at 10 % of pre-European settlement
levels. Whilst multiple key threatening processasehcontributed to this decline, the impact of fish
losses at water diversions has been largely uniteeed and remains unaddressed. There is
mounting evidence that significant numbers of figinging from hundreds to millions at individual
diversions) are being lost from rivers through watestraction. Whilst the true extent of the impact
across the entire Basin remains uncertain, givereittent of water diversion from most rivers, it is
likely that fish entrainment is significant and Wileed to be addressed if a recovery in native fish
populations is to be achieved.

Fish screens can be used to protect fish popufatighilst maintaining irrigator entitlements.
Although several different screening approachesarently applied elsewhere in the world, most of
which would be suitable for application in the MaytDarling Basin, it is essential that technologies
are designed with the needs of local fish speaiesiind. In particular, screens will need to meet
certain design criteria (e.g. maximum velocitiethatscreen face, or be made out of suitable radjteri
that ensure fish are excluded from abstracted veatérdo not suffer injury or mortality. Currentlg n
such criteria or guidelines exist for the desigrsofeens suitable for Australian native fish, amd t
study has been the first to collect data relevatiié Murray-Darling Basin.

A combination of field and laboratory-based expemts at simulated intake screens was used to test
a variety of approach velocities (velocities innref and perpendicular to the screen face) and
screening materials. It was found that the ingialheof fish screens has great potential to sigaiiily
reduce fish entrainment at intakes and, in somesgasortality at an experimental intake was reduced
from over 90 % (unscreened) to less than 2 % (velce@ened) in the laboratory. Approach velocities
(measured 8 cm from the screen) of up to 0.4 n{/s&cm/sec slot velocity through the screen) were
effective in reducing entrainment of juvenile gaideerch and silver perch in laboratory trials, with
very little injury or mortality resulting from indental screen contacts or impingement. In compariso
field observations of an assemblage of fish atraestin a river demonstrated that even modest
increases in approach velocity (from 0.1 to 0.5exyproduced a significant increase in the rate of
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screen contact for fish smaller than 150 mm, wité impact being more marked the smaller fish
were.

Based on these findings, it is recommended thatoagp velocities for Murray-Darling Basin fish
screens not exceed 0.1m/sec. Such a guidelinete#eceptable limits in other parts of the word a
there are currently many cost effective screenimjutions available to achieve this. The
recommendation of 0.1 m/sec is precautionary, simti the potential sub-lethal or lethal impacts o
the increased rate of screen contact can be unddrébr a larger range of species and size classes,
there is some uncertainty as to whether highercegmpr velocities will afford protection for the amti
assemblage of fish. For some species, velocitiesegling 0.1 m/sec may be appropriate. For instance
for perforated plate screen, approach velocitiespto 0.4 m/sec provided adequate protection for
juvenile silver perch and golden perch. But if tigective is to devise design criteria that wilbtact

a wide range of species and life history stage® filtversion, then criteria need to be set to ptdtex
most vulnerable in the population. Further labasatesting of small-bodied species and a greater
range of early life history stages is needed befieding whether critical velocity thresholds abul
be set at higher levels.

Perforated plate is a material commonly used fein icreens elsewhere in the world. It is readily
available, cost effective and has reliable longatgrerformance when combined with appropriate
cleaning techniques. Golden perch and silver pemhd easily free themselves after contacting a
perforated plate screen over a large range of appreelocities, with few injuries recorded. Further
there was little difference in the rate of screentact or entrainment when using three differemsi

of woven wire mesh (5, 10 and 20 mm). Togetherise¢Hendings suggest that screening material may
not be as important a consideration (as approaldtit®® when designing screens for the protection
of fish.

It is advisable that the recommendation of a magrinaypproach velocity of 0.1 m/sec be further tested
in the laboratory across a larger range of vulrierapecies and life history stages, and guidelines
regarding screen design criteria allowed to adeptievolve as new information come to hand. But
given the desire to address the significant deglimenative fish populations across the Murray-
Darling Basin, and based upon the mounting evidefifish losses at diversions, it is prudent tatsta
putting guidelines in place now, on the basis eflibst available science. The recommendations made
here provide the first information upon which tajimescreening whilst setting hypotheses for further
field and lab validation. Such and adaptive managempproach to fish screening has worked well
for over a century in parts of the United State\nferica (USA) and has been demonstrated to be
hugely successful over the last decade for theeefent of upstream fishway design for native fish i
the Murray-Darling Basin. It is not unreasonableexpect that a similar outcome could be achieved
within the next decade in the development of fisteens at water diversions in the Basin. However,
to achieve this it is important that the right peses be put in place to encourage a systematic
approach to screening design, uptake and maintenanc

Successful screening programs in the USA were wedeand used to determine actions which could
be put in place to facilitate large-scale fish saing in the Murray-Darling Basin. Fish screening
coordinating committees are a key factor to oversegcesses and should be established to provide
guidance regarding the setting and refinement fescdesign criteria based on the latest science, t
identify funding opportunities and to prioritiseoprcts for implementation. Committees need to
engage community members, particularly irrigataos support the program. Government-irrigator
cost-share programs have proven to be strong iwesnio screen diversions elsewhere in the world
and their use should be further explored for therriuDarling Basin. Individual Catchment
Management Authorities can be involved at a loeatl by developing diversion management plans.
State and federal agencies could support locéhiivies through legislative and policy support.

Given that no screen design criteria currently tefas Australian native fish, appropriate guidebne
urgently require preparation. Guidelines from otle@untries can help inform screen material,
positioning, maintenance and performance stand&stoach velocity, however, will need to be a

Fish in Irrigation Offtakes, Baumgartner et al.
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feature of primary consideration when developing iggidelines for the Murray-Darling Basin. It is
clear that approach velocities will need to betagtrotect vulnerable species and that an ongaérhdy f
and laboratory-based research program will be rkebe adaptively inform further criteria
development. Diversion management plans for atlleaéents in the Murray-Darling Basin, backed by

adaptively implemented guidelines, will provide @bust framework to arrest further native fish
declines.

Development of fish screen criteria Boyset al.






NSW Department of Primary Industries 1

1. GENERAL INTRODUCTION

1.1 Background

Increasing demand for water worldwide is placingoremous pressure on the biodiversity of
freshwater ecosystems (Dudgeenal. 2006). River regulation (including impoundmentyeatsion
and abstraction) is widespread, but is most seirenegions with highly variable flow regimes
(Voérésmartyet al. 2000, Dudgeort al. 2006). Regulation can impact on fish by alteriadpitats and
disrupting flow-dependent life history strategiesls as spawning and recruitment (Walker 1985,
Humphries and Lake 2000, Humphries al. 2002). Physical removal of fish from rivers thrbug
entrainment at water diversions has also been aagldl in worldwide species declines (Moyle and
Williams 1990, Musicket al. 2000). Mechanical injury and death can occur gt that pass through
diversion structures (Baumgartnetral. 2009). Many individuals do manage to survive di@n and
form viable populations in off-river canals and wmogmdments (King and O’Connor 2007,
Baumgartneet al. 2009). But once diverted from the river, it is geally accepted fish are lost from
natural river populations (Prince 1923, Baumgarttiel. 2009).

The loss of fish at water diversion points can litigated without preventing flows being delivered t
where they are needed. Throughout the world, fiseens are successfully used to prevent fish being
entrained in diverted water (Moyle and Israel 200®)western drainages of the USA, the impact of
unscreened irrigation diversions on migrating salith® was recognised early last century (Brannon
1929). Initially, fish screening was carried ouimon-systemati@d hocand largely ineffective way
(McMichael et al. 2004). Since then, substantial resources have beented to research and
development of screening technologies and screqumisgyams are now strategically prioritised, well-
resourced and backed by an evidence-based appimdlch development of physical design criteria
(e.g. McMichaelet al. 2004, Peake 2004, Cech and Mussen 2006, V¢hitd. 2007). There is still
much uncertainty about the cumulative benefitaojé-scale screening programs on the sustainability
of fish populations, although it is acknowledgedtthliversion screening has slowed population
declines or even prevented localised extinctionsyl® and Israel 2005).

In the Murray-Darling Basin (Australia) no fish eening program currently exists. The Basin
contains a vast network of water diversion infiacire (e.g. regulators and pumps) that was built
over the last century to service Australia’s latgesgation industry. The volume of flow diverted
from the Basin's river systems is substantial amd been estimated at 87% of natural flows
(Kingsford 2000). It is generally acknowledged thiais level of diversion has had an impact on
aquatic ecosystems and contributed to a declimative fish populations (MDBA 2010). Most of the
water diverted from the Basin (95%) is used fdgation (Crabb 1997). There are several large-scale
irrigation schemes and thousands of smaller inddgretrirrigators diverting flows from almost all of
the Basin’s Rivers. Water diversions for other eongtive uses such as town supply, livestock supply
and for environmental flow delivery are small byrgmarison. While the degree of diversion differs
from region to region and time to time, at ceralimces or times it can be significant. For examaile,
Berembed Weir the volume of water diverted forgation can be as high as 283% greater than the
volume flowing downstream to the Murrumbidgee Rig@aumgartneet al.2007). Similar scenarios
have been documented elsewhere in the Basin, suah ienindee Weir on the Darling River and
Yarrawonga Weir on the Murray River, where voluroésvater diverted during peak irrigation times
can far exceed downstream flow (Thoetsal. 2004, King and O’Connor 2007).

There is mounting concern that fish losses at @es®@d diversions in the Basin are contributing to
fish population declines (Lintermans and Philli¥2, King and O’Connor 2007, Baumgartmetral.
2009) (see section 4.2 page 38 for more detaiiddixe supporting this assertion arises from sévera
studies documenting that significant numbers df ian be removed by pumps and regulators (King
and O’Connor 2007, Baumgartnet al. 2009). The scale of impact will undoubtedly diftextween
locations based upon local fish populations, tifhgear and size of diversion (Moyle and Israel 2005
King and O’Connor 2007). But given the sheer volurh&vater that is diverted across the Basin and
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the fact that at times the volumes diverted caniigntly exceed that flowing downstream, it is
likely that the numbers of fish removed are siguifit and will need to be reduced if fish population
declines are to be addressed. In the Murray-DarBagin, the size range of fish vulnerable to
extraction include small-bodied species and thosese eggs and larvae passively drift downstream
in large densities (Humphriet al. 2002, Gilligan and Schiller 2003, Lintermans aridllips 2004)
(King and O’Connor 2007, Baumgartnetral. 2009). This poses a unique challenge for devetppin
screening program in the Murray-Darling Basin, asigh criteria need to be developed for multiple
species and size classes. This is in contrastogrgms elsewhere throughout the world where caiteri
are typically targeted towards downstream migrasmglt of a few salmonid species (NMFS 1997).

1.2 Purpose of this study

There is some information available regarding tpbeci&es and life history stages of native fish
entrained at diversions in the Murray-Darling Ba@iting and O’Connor 2007, Baumgartnet al.
2009). To date, however, there has been no resaéat@how this entrainment can be mitigated
through screening or any other mechanisms. Thdystepresents the first attempt to collect data
necessary for the development of screen criteegiipally for Australian native fish. Consideratio
was given to minimising both the physical entraintef fish as well as the extent to which fish
become impinged on screens (e.g. Zydlewski andstoh002, Peake 2004, Swansaral. 2005a).

It is important to ensure that whilst a screen mpegvent entrainment at a diversion, fish are not
simply impinged on (or held against) the screed, thirefore still being injured or killed. To achee
this we used experimental fish screens in bothexine (Chapter 2) and laboratory (Chapter 3) rsgtti
to determine the relative effect of different aro velocities (flows perpendicular to the screen
face) and screen mesh sizes. This approach enabledobserve how a fish community interacts with
a screen in a ‘natural’ riverine context as welbliswing variables of interest to be manipulatedi
controlled setting, thus giving greater capacityrtake recommendations regarding physical design
criteria.

Given the infancy of research and developmentgif ficreening in the Murray-Darling Basin it is
vital that any emerging screening program consildersuccesses and failures of programs in other
parts of the world. In Chapter 4 we critically rewi the key aspects of long-established fish scngeni
programs in the USA. In this region of the worldetloss of fish at water diversions has been
identified as a significant fisheries managemersllenge for close to a century (Brannon 1929).
During this time, screening programs have evolwednfbeing uncoordinated and ineffective to a
large-scale, well-resourced industry which is sgatally coordinated (McMichaedt al. 2004). Key
features of these programs are presented withircdhtext of how best to develop a fish screening
program in the Murray-Darling Basin.

A final discussion which considers results from #alan fish in the context of international
screening programs is then used to make recommend&garding screen design criteria, identify
future research and development needs, and owtlired considerations and activities need to be
undertaken to instigate a fish screening progratherMurray-Darling Basin.
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2. OPTIMISING FISH SCREEN DESIGN CRITERIA USING A
FIELD-BASED APPROACH: EFFECT OF MESH SIZE AND
APPROACH VELOCITY

2.1 Introduction

Lab-based studies are commonly used internationtlydevelop fish screen design criteria,
specifically when seeking to understand speciesispeswimming performance when exposed to
different velocities (Swanson and Young 1998, Pe2b@4), or to quantify behaviour, injury and
mortality of fish exposed to different screen coiodis (Zydlewski and Johnson 2002, Peake 2004,
Swansonet al. 2005a, Cech and Mussen 2006). Typically utilisilgnes, lab-based studies allow
increased control over fish sample sizes and tiigyaio manipulate and isolate variables of intgre
thus improving experimental rigour. Laboratory s#sd however, may fail to truly represent natural
conditions or provide an accurate representatidisbfencountering screens in the wild. Additiopall
lab-based studies tend to focus on one or two speuid few age classes (e.g. Swanson and Young
1998, Zydlewski and Johnson 2002, Peake 2004).i&pend age-specific criteria can be defined
using this process, but these studies are lesopyigie if the desire is to mitigate impacts acrass
more diverse assemblage of species. Further advamdéish screen design will be enhanced by using
field-based experiments in combination with labdehstudies. This is of particular relevance to the
Murray-Darling River System, where a large promortof the fish community (including large and
small-bodied fish and a wide variety of life histastages) is migratory and requires protection at
diversion points (Humphriest al. 2002, Gilligan and Schiller 2003, Lintermans arfdllips 2004,
Barrettet al.2008).

Field-based investigations of fish encounteringesns are rare [but see Raseal. (2008) for an
exception] usually because high turbidity in mamyer systems limits opportunities for direct
observations (Danleyt al. 2002). The recent application of dual-frequencgnidfication sonar
(DIDSON; Sound Metrics Corp.) to fisheries reseatds proven to be an effective tool for
guantifying fish abundance, size, behaviour andthtibse in dark or turbid waters, where traditiona
video capture techniques are ineffective (Moursemdl. 2003, Tiffanet al. 2004, Baumgartnest al.
2006). Such technology may provide a powerful tmoktudying fish behaviour around diversion
screens as it could allow screen impingement tates quantified in a more natural environment.

Two important screen design considerations for fiisitection are the material a screen is constiucte
from and water velocity perpendicular to the scrieee; often termed approach velocity. The purpose
of this chapter is to document the interactive @ffeof screen presence, mesh size (5, 10 or 20 mm
woven galvanised mesh) and approach velocity (0Q%m/sec) on the number of fish entrained at a
water diversion in a riverine setting using an expental pumping station. A fish screen may prevent
entrainment, but injury or mortality may still oacifi a fish contacts the screen face (Swansbal.
2004). Therefore, directly observing fish behaviouclose proximity to the screen is important for
understanding optimal screen design criteria. Tloeae this, DIDSON was used to quantify screen
contact rates and behaviour around the screen.stindly provides the first data for the development
of fish screen design criteria for Australian Rev@nd, to our knowledge, is the first study to teet
effectiveness of a dual-method for investigating timteraction between an open-water fish
assemblage at an experiment diversion in a rivesiting.
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2.2 Methods
221. Study area

The Murray-Darling Basin is Australia’s largest danhent, covering over one million square
kilometres and draining water from five differetates and territories. Approximately 10,200 GL of
water is diverted per year to service the irrigatiodustry, equating to 95 % of all water use ia th
Basin (MDBC 1995, Crabb 1997). The remaining 5 %ssd for stock and domestic and inter-Basin
transfers. This study was undertaken at four sitdb, within 12 km upstream of Narrabri
(30.324963S, 149.78674°E, 215 m elevation) on the Namoi River (New Soutal&¥) (Table 1 and
Figure 1). The Namoi River extends 845 km from @meat Dividing Range near Armidale to the
Darling River and flow releases are heavily regdaduring the irrigation season (between September
and April) by two upland storages (Keepit and SRlidck Dams). Land use of the lower Namoi
catchment consists predominately of irrigated wlzeak cotton, as well as stock grazing. The system
Is characterised by low topography, deeply-inciskannel banks and few instream regulating weirs.
Water is therefore usually pumped from the maimaole&into off-river storages, an approach typical
of most rivers in the northern Murray-Darling Baskrevious research has shown that significant
numbers of fish can be entrained by irrigation psmysing this method of water extraction
(Baumgartneet al.2009).

Field studies were undertaken at four sites thaewaited to using the experimental pumping station
Each site required a gravel bar with excavator sxte place the pumping station (Figure 2). The
river depth needed to be 2-3 m adjacent to the ptonpnsure the screened intake was totally
submerged and to permit screen exchanges amonignéraa. River flow was low at the time of study
(0.03 m/sec + 0.01 S.D.), therefore the approadbcitg created by the experimental screen was the
dominant flow vector.

Table 1.Coordinates of the four pumping sites used duriregstudy.

Site Code NSW Fish Research site Coordinates

number *
A 3385 -30.35450 149.78752
B 3384 -30.34579 149.78946
C 3387 -30.39496 149.85190
D 3386 -30.39161 149.84660

* All fish catch and water quality data are stonedhe NSW DPI Freshwater Fish Research Database
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Figure 1. Location of the four study sites on the Namoi Righowing the Murray-Darling Basin (grey

thatched).

Figure 2. Picture of the experimental pumping station showing typidaployment into water adjacent to a
Boyset al.

gravel bar.
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22.2. Experimental pumping station

The experimental pumping station consisted of time& components: 1) a pump, 2) an intake pipe
fitted with an experimental screen, and 3) a digghautlet with fish collection nets (Figure 3).

Pump —A diesel-powered, mixed-flow (centrifugal) pumpthvia gear reduction marine drive was
used to deliver water to the experimental faciliyhen operated at a very low head-differential
between the intake and outlet (as in this studg)system was capable of up to 38 ML/day (equating
to a velocity of approximately 3 m/sec through 4% mm (or 18 inch) diameter intake pipe). The
discharge created was lower than is typical for pwystems commonly installed in the northern
Murray-Darling Basin, where systems are more coniyn@apable of about 90 ML/day (Colin
Barnes, BnB Engineering Narrabri, personal commatitn). A butterfly valve was used to control
flow out of the discharge outlet. Flow rate, pipgocity and total discharge obtained by the pumping
station during each trial were measured with aHflo (series 2) ultrasonic flow meter with a doppler
sensor (Mace, Sydney Australia) installed in thaka pipe.

Fish screen- The 10 m long steel intake pipe was fitted veithexperimental screen comprising a
solid flat bottom and a tapered top (2.4 m diamatet 1.5 m height: Figure 4). The outer surface of
the screen incorporated 12 individual vertical pari@ m high by 0.6 m wide), where screens of
varying mesh size (5 mm, 10 mm and 20 mm wovenageded wire) could be interchanged. Screen
surface area could be altered by replacing soméh masels with solid aluminium blanks, thus
closing off a proportion of the total diameter detexperimental screen to flow (Figure 4). To
generate the two approach velocities tested insthidy, two different open-screen face configuratio
were used. For the 0.5 m/sec approach velocitgoli panels were used, leaving two mesh panels as
the open-screen face (0.36 apen-screen face, positioned 120 180ative to the river flow: Figure

5). This position was on the open-water side (&sthfrom the bank) and pointing slightly
downstream to maximise the possibility of encounteffish as they moved upstream. For the 0.1
m/sec approach velocity, eight solid panels werduseaving four panels as the open-screen face
(0.72 nt open-screen face, positioned 0%&nd 120-180relative to the river flow: Figure 5). This
created a larger surface area of screen that alldiwe lower approach velocity to be generated.
Separating the open-screen area with two solid Ipasléowed the four open-screen faces to be
observed with two sonar units without any overlathie viewing window of each (see below).

Discharge and fish collection Diverted water was discharged back to the rivewrgstream of the
intake through a 40 m long, 480 mm (19 inch) hedariy vinyl ‘layflat’ irrigation hose (Figure 2). A
settling tank was fitted to the end of the hoseethuce flow velocity and bed erosion, before théewa
was subsequently discharged into two fyke nets 1{® stretch mesh, 10 m long, with two internal
funnels). The nets were long enough to ensureviatities had dissipated sufficiently to minimise
injury to collected fish.

223 Fish community surveys

To establish species composition and relative adwcel at each site, standardised electrofishing and
seine netting surveys were conducted at the siée alfi pumping was concluded. Electrofishing was
done with a five metre, twin-hulled aluminium boatounted with a Smith-Root 7.5 GPP
electrofishing unit using a pulsed (120 pulses gmond) direct electrical current (DC). A total of
1080 electrofishing seconds (on time) was typicalyformed at each site with total fishing effort
divided into 12 sub-samples (or shots) and underntadcross all available habitat. Fish were dip-
netted from the water and placed in a live-welr¢oover until measured and returned alive to the
water after each shot. Any fish positively idemtifi but not dip-netted were also recorded.
Electrofishing at each site was supplemented vhitbe seine net samples (6 mm stretch mesh, 1 m
drop, 10 m long). The net was deployed in a U-sheme pursed onto the shore. Fish were then
counted, measured and released.
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Settling tank with fyke nets Discharge pipe

Figure 3. Schematic representation of the experimental pugngiation used in the Namoi River showing major ponents. The experimental screen was cylindricdl an
comprised a series of removable panels to adjystoaph velocity and mesh size. Fish that were em®tainto the system travelled through the intalge pthrough the pump,
along the lay-flat discharge pipe and were coligatefyke nets retrofitted to a settling tank. Fisthaviour in front of the screen face was quatifising DIDSON.

Development of fish screen criteria



8 NSW Department of Primary Industries

Figure 4. Experimental fish screen showing removable meskescipanels. These could be removed and
replaced with panels of different mesh size. Soraeeweplaced with aluminium blanks to manipulatprapch
velocity.

Table 2. Tabular representation of the two Latin square erpntal designs showing the allocation of mesh
treatments within replicate runs for each of twpraach velocities.

0.5 m/sec Treatment mesh (mm)
A 5 20 0 10
Site B 20 10 5 0
C 10 0 20 5
D 0 5 10 20

0.1 m/sec Treatment mesh (mm)
A 20 10 5 0
Site B 10 0 20 5
C 0 5 10 20
D 5 20 0 10
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a) 0.1 m/sec

b) 0.5 m/sec

Figure 5. Diagram of the experimental fish screen showingjtipn of mesh screen panels (M) and position of
DIDSON for the a) 0.1 m/sec approach velocity, § B/sec approach velocity. Degrees are relativé®to
facing directly into downstream flow (indicated Hye arrow). Note the position of blank panels (thost
marked with M). To achieve the maximum velocity®5 m.s" all panels except two needed to be fitted with
blanks.
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224. Quantifying entrainment

All fish collected in fyke nets following pump eatnment were measured to the nearest millimetre
(fork length for fork-tailed species and total lémdgor rounded-tail species) and counted at the
completion of the 4 hour experimental period. THeat of mesh size on catch per unit effort (CPUE:
total catch / total flow) was tested with a Latojuare (Table 2) ANOVA within each velocity, after
partitioning out the effects of location and ord#grtreatment. To determine whether there were
differences in CPUE between the different velosifactorial ANOVA was used on the Latin square
data, testing the factors velocity, velocity*mestesh, order of treatment, and location.

2.25. Quantifying screen contact

Acoustic image acquisition Bual-frequency identification sonar (DIDSON; Soulgtrics Corp.)
was used to quantify the number and nature of ifigéractions with the experimental screen. The
DIDSON was operated in high frequency mode (1.8 MMhich generates near-video quality images
over small distances (<12 m) (Moursugidal. 2003). DIDSON uses 96 beams to generate a tetdl fi
of view of 29 horizontal by 12 vertical under high frequencies (Boswetlal. 2008). The DIDSON
was horizontally mounted approximately 4 m from floeeen face and 1 m below the water surface.
The field of view allowed for a maximum of two serepanels to be observed by a single unit.
Therefore one DIDSON was required for the higheloaigy treatment and two DIDSONs were
simultaneously used for the lower velocity treattnghen four panels of screen were required (Figure
5). DIDSON units were not synchronised (Belcle¢ral. 1999), which resulted in some acoustic
feedback and loss of picture quality. The configjorahowever, did give acoustic images of adequate
resolution to allow an observer to classify datdrenbasis of fish size and behaviour, but notiggec

Post-processing and data analysiEehograms of each DIDSON sample were captured (&oumd
Metrics topside software (Sound Metrics 2009). Xpeglite analysis, sub-sampling of each echogram
was performed where the first 20 minutes of footage discarded to account for any fish behavioural
responses to pump start-up. A random start poistthvan selected in the next 10 minute interval and
one minute of footage (600 frames) was extractezhah subsequent 10 minute interval (resulting in
22 one minute sub-samples for viewing).

Post-processing modules were developed in Echoihéyriax Software: Higginbottonet al. 2008)

and run simultaneously with the original echogranadsist in target identification, size measurement
and to classify movements in relation to the apghmogelocity (Figure 6). Firstly a background
subtraction and target identification module wasgettgped. To assist in recognising fish from debris
and static objects (non-moving objects such astatbsand screen) were removed from the echogram
and only moving targets greater than 3 mm long weeatified. Three millimetres was used as a
maximum to minimise the risk of filtering actuakli The second module developed was for fish
tracking to log positional data within the echograand assist with target recognition and
directionality. Analysing data in this way allowddtermination of whether fish were approaching the
screen or moving away from it.

A target area 0.5 m radius from the centre of ediche 2 panels was drawn on the echogram viewing
window and only fish that entered this target aseae deemed to have approached the screen. It is
important to note that we refrain from using thertéimpingement’ in this study and instead refer to
screen contact. Impingement is typically used ferreo a prolonged screen contact. The DIDSON
was limited in its ability to discriminate a prolged impingement from a contact. The screen, being a
metal object, generates strong acoustic reflectimeh could not be sufficiently eliminated using
background subtraction methods. Targets therefewarne virtually invisible once touching the
screen so the actual duration of contact couldbeoaccurately determined. For the purposes of this
study we therefore refer to any screen interactasnsontact, rather than impingement.
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To assess contact probability, fish entering tleédfiof view were measured (using a tool within
Echoview) and then assigned to one of three bebealicategories:

1. Contact — the fish entered the target area, tquitla towards the screen and disappeared upon
reaching it;

2. Non-contact — the fish entered and then left thgetearea without touching the screen; or

3. Not defined — the fish entered the target areaagih disappeared before either touching the
screen or leaving the target area again.

It was deemed important to determine the swimmilgalviour of individual fish in front of the screen
as it provided some insight as to whether a cesgmia class of fish was attempting (but unable) to
avoid contact due to excessive velocity. Rheotagtignment in relation to the approach velocity
vector was subsequently quantified for all fishtia field of view.

Individual fish were assigned to one of the follog/fifive categories:

1. Positive rheotaxis — the fish turned to face awaynfthe screen swimming into the oncoming
current;

2. Negative rheotaxis — the fish moved head first tolwahe screen, or in the direction of the
current;

3. Broadside rheotaxis — the fish moved laterallydas) the current;

4. Random — a combination of one or more rheotact@beurs; or

5. Not Defined — no rheotactic alignment could be atmitly defined.

Statistical analyses ¥he number of fish exposed to each treatment wal/sed as probability of
contact (proportion of observed fish that contattexdscreen). A log-linear model was thereforeluse
to compare the overall probability of contact bedwéhe 0.1 and 0.5 m/sec velocities. Further,iwith
each velocity treatment, a logistic model was ditte the Latin square design to compare the contact
probability between mesh types after partitioning the differences between sites and treatment
order. Follow-up analysis compared the parameti@mates and odds ratios for each mesh size with
those of the ‘no mesh’ treatment (see Table 3).

To investigate whether the probability of contachswassociated with fish length or rheotactic
behaviour, a logistic model was used that addedthef fish (mm), rheotactic alignment and
potential interactions as covariates to the Latjnase variables ‘mesh size’, ‘location’ and ‘oraér
treatment’. Differences in the probability of corttdetween non-random and random rheotaxis was
compared using the profile likelihood confidencdeiwals of the odds ratios. The predicted
probability of contact was plotted for fish of 00 mm length in each rheotactic category at each
velocity.
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2.3 Results
2.3.1. Fish entrainment

Twelve fish species were collected using seineingetind electrofishing across all pumping sites
during the experiment, but only five species wergagned into the experimental pump system (Table
4). Carp gudgeon were the most abundantly entrgined 138), followed by Australian smelt (n =
29). Spangled perch (n = 8), bony herring (n = 2) Mosquitofish (n = 1) were occasionally
entrained in low abundances. Although a large isimge of fish was sampled at the pumping sites, the
catches were dominated by small-bodied fish (<60) rand it was this size class that was most
susceptible to entrainment by the pump (Figure 7).

There was no effect of mesh size on CPUE at 0.&av{)s = 2.00, df = 3,6 p = 0.21) or 0.5 m/sec (F =
1.29, df = 3, 6, p = 0.36) (Figure 8). Signifidgntnore fish were entrained at 0.5 m/s than at 0.1
m/sec (Figure 8) (F = 12.90, df = 1, 16, p < 0.065yher numbers of carp gudgeon, Australian smelt
and spangled perch were entrained at increasedagprvelocities (Table 4). There were no
significant interactive effects between velocitydamesh size on CPUE of fish entrained into the
experimental pumping facility (F = 0.60, df = 3,165 0.63).

2.3.2. Screen contact

Despite the low entrainment rates, DIDSON showeat §440 fish approached the experimental
screen during the study. Fish were significantlyreniikely to contact the experimental screen at 0.5
m/sec than at 0.1 m/sec velocity (Likelihood ratie 80.49, df = 1, p < 0.0001). At 0.5 m/sec 143 of
the 436 (33%) fish observed contacted the scrempaced to 259 of the 1902 (14 %) fish observed at
0.1 m/sec. There was no difference in screen coptabability among the different mesh treatments
at 0.5 m/secy’ = 4.7, df = 3, p = 0.198), but there was at 0.4aw/{* = 15.8, df = 3, p < 0.005). At
0.1 m/sec fish approaching the 5mm mesh were 71%& ikely to make contact than in the ‘no
mesh’ control (Table 3). No significant differencas detected between the ‘no mesh’ control and 10
mm and 20 mm meshes (Table 3).

The size range of fish contacting the screen wasifgiantly smaller than for those that avoided
contact (Figure 9). Furthermore, the probabilitofeen contact increased with decreasing fisttheng
(Figure 10). Fish below 150 mm were more likelyxtmtact the screen as approach velocity increased
from 0.1 to 0.5 m/sec. Fish smaller than 50 mm, &atd to 75 % chance of contacting the screen
when approach velocities were 0.5 m/s, comparetbtto 30 % at 0.1 m/sec. Rheotactic behaviour
was significantly associated with the likelihoodsofeen contact at 0.1 m/seg € 226.7, df = 3, p <
0.0001) and 0.5 m/segi= 48.1, df = 3, p < 0.0001) (Figure 10). At boilgthand low approach
velocities fish displaying negative rheotaxis (nmyvhead-first towards the screen) were much more
likely to contact the screen than those displayositive rheotaxis (actively swimming away from the
screen and against the approach velocity) (FigQrartd Table 3). Negatively orientated fish were 19
times more likely to be impinged at 0.1 m/s andn&s more likely at 0.5 m/s (Table 5). Positive
aligned fish were significantly less likely to magentact (14 times less likely at 0.1 and 33 titess
likely at 0.5 m/s). Fish displaying broadside rlaexig were four times more likely to make contact
than those showing random orientation at 0.1 misatcnot different to random fish at 0.5 m/s (Table
5).
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Table 3. Odds ratios for probability of screen contact fdfedent mesh sizes when compared to the no mesh
treatment at 0.1 m/sec.

Mesh size comparison  Odds Ratio* Confidence interval Significance
with the no screen
treatment
5 mm 1.71 11-28 <0.05
10 mm 0.62 04-11 ns
20 mm 1.36 0.8-22 ns

*The odds ratio is the increase or decrease inptiobability of contact when compared to the ‘no mes
treatment. For example, at 10 mm mesh size theapitity of screen contact is 1:0.62 = 62% lessliikban the
‘no mesh’ treatment, however this was non-signiftga(ns) different than a 1:1 ratio at the p =Dlével.
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Table 4. Number of fish entrained within the experimentalmp system. Catches are pooled within each velanity mesh combination. The electrofishing/seineiroal
demonstrates the composition and relative abundainitgh captured at all the experimental site gsitectrofishing and seine netting.

Entrained by pump

Electrofishing 0.1m/s 0.5m/s Total catch

Common name Scientific name / Seine nomesh 5mm 10mm 20mm total nomesh 5mm 10mm 20mm total pump
Goldfish Carassius auratus 5 0 0 0 0 0 0 0 0 0 0 0
Unspecked hardyhead Craterocephalus stercusmuscarum 8 0 0 0 0 0 0 0 0 0 0 0
Carp Cyprinus carpio 102 0 0 0 0 0 0 0 0 0 0 0
Mosquitofish Gambusia holbrooki 28 0 0 0 0 0 0 1 0 0 1 1
Carp gudgeon Hypseleotrisspp 200 7 0 7 1 15 38 38 11 36 123 138
Spangled perch Leiopotherapon unicol 24 0 0 0 0 0 5 0 2 1 8 8
Golden Perch Macquaria ambigu 26 0 0 0 0 0 0 0 0 0 0 0
Murray cod Maccullochella peel 45 0 0 0 0 0 0 0 0 0 0 0
Murray-Darling rainbowfish Melanotaeenia fluviatili 92 0 0 0 0 0 0 0 0 0 0 0
Bony herring Nematalosa ere 268 2 0 0 0 2 0 0 0 0 0 2
Australian smelt Retropinna semo 37 1 0 0 0 1 2 2 14 10 28 29
Freshwater catfish Tandanus tandanus 2 0 0 0 0 0 0 0 0 0 0 0
Total 837 10 0 7 1 18 45 41 27 47 160 178
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Figure 7. Length frequency histograms for fish sampled at pinm sites by electrofishing and seine netting,
and those collected after being entrained by tmepp(all treatments pooled).
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Figure 8. Mean (+ S.E.) Cath per unit effort (CPU&)fish across different mesh and velocity treatteen

Boys et al. Development of fish screen criteria



400 -

B Contact
350 - ® Non-contact
300 - Length contact  Length non-contact
Statistic (mm) (mm)
5\ 250 | Mini.mum 12.000 3.000
c Maximum 139.000 503.000
% Median 48.000 62.000
8 200 - Mean 52.976 71.779
C Standard dev. 23.511 44.425
150 -
100 -
50 -
O . -\ I I I I I I I I I I I I I I I I I I

O O S PO O D ® OO DD SO S P
SN S A I S U S S U S S Y

Length (mm)

Figure 9. Length frequency histogram showing the size rasfdish observed by DIDSON to make contact or avamdtact with the experimental screen
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Figure 10. Predicted relationship of probability of screen tagh with length and rheotaxis of fish. Solid lines
are at 0.1 m/sec and broken lines are at 0.5 m/sec

Table 5.0dds Ratios of rheotactic categories comparedrdaia orientation.

0.1 m/sec 0.5 m/sec
Rheotaxis Odds Ratio* Comparison to Odds Ratio* Comparison to
randont randont
Broadside 4.23 sig 1.22 ns
Negative 18.9 sig 7.81 sig
Positive 0.07 sig 0.03 sig

*The odds ratio is the increase in the probabditgontact when compared to random orientation.eéx@ample,
fish showing positive rheotaxis at the 0.1 m/s gitjoare 14 x less likely to make contact (1+0.0Z43.
T Significant (sig) or non-significant (ns) at ghe= 0.05 level.
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2.4 Discussion
24.1. Optimising screen design for the Murray-Darling Basin

Using a field-based approach to identify fish res®s to screen construction successfully determined
probability of contact and entrainment and willhelevelop recommendations to mitigate the impact
of irrigation diversions on fish populations in thurray-Darling Basin. Quantifying responses to
different approach velocities helped to determine tisk of contact and entrainment for fish of
different size classes. Higher velocities incredsetth the risk of contact and entrainment which was
further influenced by overall fish size, with snealfish substantially more susceptible to both aont
and entrainment. Although approach velocities $etifor the protection of fish differ throughout
the world, the ranges tested in our study matchedet adopted elsewhere. For instance, approach
velocities prescribed for the protection of juvendnadromous salmonids in rivers range from 0.1
m/sec (0.33 f/sec) for fry (< 60 mm length) to th&sec (0.8 f/sec) for fingerlings (> 60 mm) (NMFS
1997). Approach velocities of 0.15 m/sec are sseacaeptable for juvenile northern piksox lucius
(Peake 2004) which are weaker swimmers than satfeqdone®t al. 1974). Our results determined
that multiple species and size classes were suisleefat entrainment and screen contact and shaaild b
considered when developing generic criteria foesemng programs in the Murray-Darling Basin.

Although many fish encountered the experimentaestiin the current study, not all were susceptible
to contact or entrainment. Lower approach velcagifigrther improved the ability for most fish to
avoid contact and entrainment. Smaller fish (< f%8) were most vulnerable to screen contact and
swimming behaviour appeared associated with libelthof contact. Taken together, these findings
indicate that the ability of a fish to avoid coritagith a screen is associated with its size and
swimming ability, as well as behavioural respon$ermvexposed to an approach velocity. Lab-based
studies of other species at simulated fish scregmart similar findings, with there being a positiv
relationship between fish size and its ability teid contact or impingement (prolonged contact)
(Peake 2004) and a positive relationship betweenacb rate and approach velocity (Dankyal.
2002). When encountering an approach velocity ontfrof a screen fish typically respond by
swimming into the current (positive rheotaxis), lwiswimming speeds increasing with velocity
(Danley et al. 2002, Swansoret al. 2004). There are likely to be critical thresholdkere the
approach velocity will exceed the ability for ahfito effectively hold its position which is the pobf
contact for most species (Swansairal.2004).

The current findings suggest that lower approadbcitees are required to protect weaker swimming
species, and fish less than 150 mm were most \albieerto screen contact at the higher approach
velocity. A limitation of using DIDSON to determirentact probability was the difficulty associated
with determining the duration of contact, distirghing multiple contacts versus single contacts or
lethal and sub-lethal effects. Contact or impingetmeay increase stress and injury (Youstgal.
2010), but this may not be sufficient to influerszgvival (Danleyet al. 2002, Peake 2004, Swanson
et al. 2004, Roseet al. 2008). The maximum velocity tested here (0.5 n)/s@peared sufficient to
protect fish against entrainment. However, contaiets were significantly higher at 0.5 than atforl
small fish. Until the lethal and sub-lethal effea$ these contacts are better understood it is
recommended that approach velocities not exceednséc, to ensure much lower contact rates for
smaller fish including juveniles and small-bodigubsies. These criteria could be better informed by
further research into the survival of larval andguile golden perch, Murray cod, trout cod andesilv
perch at fish screens given that these fish argcplarly vulnerable to entrainment (Gilligan and
Schiller 2003, King and O’Connor 2007, Baumgarteeral. 2009) and will undoubtedly be more
susceptible to physical injury than larger fish.

Unscreened diversions in the Murray-Darling Basirenhhigh fish entrainment rates (Baumgareter
al, 2009). Determining the optimal fish screen meazh was assumea priori to be important when
mitigating potential impacts on fish. Mesh sizewkwer, had little influence on entrainment rates
using a woven mesh design at both high and lowcambr velocities. Screen construction material is
therefore likely to be less important for reduciegtrainment than optimising approach velocity.
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Comparisons of entrainment and survival rate of bolut Salvelinus confluentufy exposed to
different screen materials support this assertiydlewski and Johnson 2002). In that study, little
difference in survival and entrainment rates wexentl between vertical profile bar, perforated plate
horizontal profile bar and woven-wire screen. lfoaity is optimised, the type of screening material
used becomes less of a consideration. The crigsaks are then developing a screen design which
optimises approach velocity whilst minimising dsleiccumulation and flow restriction. Identifying a
solution which satisfies all three of these créaeuill ensure solutions are fish-friendly, requiitde
maintenance and satisfy irrigation delivery needs.

24.2. Effectiveness of the dual approach for field evaluations

The dual method of directly quantifying entrainmemd contact using netting and DIDSON had

certain advantages. DIDSON provided informationbehaviour around screens which could not be
gathered by netting alone. It is clear that the émirainment rates determined by net catches ware n

due to the absence of fish around the experimestiaden, because many fish were observed to
approach the screen face. Although the majoritfisbf managed to avoided entrainment, many still

made contact with the screen. These contacts may teebe minimised to ensure the protection of
smaller fish (Younget al.2010).

Some limitations with the way that the DIDSON wapldyed should be resolved for future studies.
Aspect is a known limitation of DIDSON technologynages captured by the sonar are typically
recorded in 2-dimensions which can limit the apilib track target positions accurately. It was
therefore difficult to determine whether a fish swiing towards the water surface contacted the
screen face, was impinged for a prolonged perias @ntrained, or avoided contact all together by
moving over the top of the screen. It is therefooesible that DIDSON footage may have resulted in
the over estimation of contact rate and fish impEctvever, experiments on golden perch exposed to
equivalent approach velocities in a laboratory #tuwere found to produce slightly higher estimates
of contact probability than determined in the cotrgtudy using the DIDSON for an equivalent size
range of fish (40 — 50 mm) (see Chapter 3). Thovides added confidence that, in spite of the
limitations mentioned, field estimates using DIDS@Bve great potential for field verification of
laboratory studies.

A common field-related constraint is the inability control sample sizes of fish among treatments.
The number of fish approaching the screen variedngnsites and days (identified by both the
DIDSON and electrofishing and seine netting) amtliced the statistical power needed to reliably
detect differences. This is a problem specificigddfbased studies and can be overcome to some
degree by increasing sampling effort and the lefeteplication, although project budgets do not
always allow for this (Downest al. 2002). The optimisation of fish screen criteriatle Murray-
Darling Basin will need to be an ongoing activityth criteria refined as more data become available
Based on the strengths and limitations of the fegigproach used here, it would make sense that a
combination of laboratory studies with some deguéefield validation be undertaken when
developing screen design criteria. For field valmlg we have demonstrated that a dual method using
netting and DIDSON would be preferable to nettitane.

2.4.3. Conclusion

No screening criteria exist for Australian fresheveishes and this study has provided the firstltes
from which to begin optimising screen design toigmaite the impact of irrigation diversions on fish
populations in the Murray-Darling Basin. The resuhdicate that the design of fish screens in the
Murray-Darling Basin should aim at minimising efiraent and screen contact by optimising
approach velocities. The results indicate thatic@ripanel screens generating velocities up to 0.5
m/sec have great potential for reducing the emmamt of a wide range of species and size ranges of
fish in the Murray-Darling Basin. Small fish hach@her probability of contacting the screen face at
0.5 m/sec than 0.1 m/sec. Until the severity aneérg@l sub-lethal and lethal effects of contasts i
better understood for Murray-Darling Basin fish @pse, it is recommended that a precautionary
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approach velocity of 0.1 m/sec be applied whereijile and small-bodied fish require protection.
Such an approach velocity is in line with the atedgstandard for the protection of fish fry in athe
parts of the world (e.g. NMFS 1997, Peake 2004apibroach velocity can be optimised, it would
appear from this study that the aperture size dfestmesh is a less important consideration for fis
protection.
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3. EFFECT OF VELOCITY AND LIGHT ON THE
ENTRAINMENT AND IMPINGEMENT OF JUVENILE
GOLDEN PERCH AND SILVER PERCH AT A SIMULATED
INTAKE SCREEN

3.1 Introduction

Intake screens intended to prevent the entrainmifish at water intakes can result in injury and
mortality if fish contact, or become impinged (moged contact), on the screen face (Swanson and
Young 1998). Typically, screen design criteria am& reducing these interactions have been
developed using laboratory studies of fish swimmuagabilities at experimental screens, with the
majority of studies quantifying impingement, suadiand injury during exposure to varying velocities
(Peake 2004, Swansan al. 2005a, Whiteet al. 2007) and screen materials (Zydlewski and Johnson
2002). Although laboratory assessments do not wbdesh behaviour under natural conditions, they
do permit greater control over treatment groups, lmastandardised over a large number of replicates
and therefore produce greater precision than belsked trials (Danlewet al. 2002). Preliminary
laboratory investigations may therefore providefuisgata upon which to base screen design criteria
for later field verification.

There has been some contention regarding theyutilisome laboratory measurements of swimming
performance when evaluating intake screens, priynsurrounding the type of velocity vector that is
generated (Swanson and Young 1998, Peake 2004)citfes perpendicular to a screen rapidly
decrease with increasing distance from the scraes-find as such, screen design guidelines typicall
refer to approach velocity (see padg being the velocity at a specified distance fribve screen (8
cm or 3 inches is common; NMFS 1997). Decreasinigcities mean that to avoid contact or
impingement, a fish need only engage in fast-statturst swimming activity over a short distance
(Peake 2004). Peake (2004) demonstrated that norgike Esox luciusexposed to velocities that
declined with distance to an intake screen were awlavoid impingement under higher approach
velocities than predicted by swim tunnel experimenith constant and uniform flow. But in other
studies impingement has been shown to occur abagpprvelocities significantly lower than a fish's
swimming capability (Swanson and Young 1998). Thatadies identify the problem associated with
using constant velocity fields and measurementspafionged swimming performance when
evaluating intake screens.

Populations of Murray-Darling Basin fish speciesédnguffered significant declines over the past 50
years and a study of silver perch and golden ppasising through Euston Weir on the Murray River
revealed a 95 % and 50 % decline in respective ewsritetween 1940 and 1990 (Mallen-Cooper and
Brand 2007). Populations have declined due to abeurof factors, including habitat degradation,
river regulation and the presence of barriers tsspge (Lintermans 2007). The presence of both
species in irrigation canals and off-stream stosagigggests that entrainment at water diversions is
also contributing to losses (King and O’Connor 20Baumgartneret al. 2009). Both species are
officially listed as either vulnerable or endangkir certain States of Australia and are of sigaffit
cultural and recreational angling importance. Thengresently limited capacity to effectively adske
the loss of these species and associated morgadyinjury within the Murray-Darling Basin at un-
screened diversions (King and O’'Connor 2007, Bautngaet al. 2009). In the absence of any
existing screening guideline, it is desirable tuelep some as a matter or urgency, and preferaldy t
needs to be based on experimental data. Swimmifa@gmation presently exists for sub-adult
Australian species and this has been used to réhevay design (Mallen-Cooper 1992, 1994).
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However, such information is concerned with prolthgswimming performance and a different
approach is needed to develop design criteriantake screens.

In this study we used an experimental screen amdeflwhich generated velocities which declined
significantly with increasing distance from the esm face. This is more appropriate than constant
velocity flumes in mimicking the natural velocitydfile experienced by fish as they encounter a
screened intake in the wild (Peake 2004). The dibgtctive of this study was to quantify the aitif
juvenile silver perch and golden perch to avoidtachand impingement when exposed to various
velocities generated at an intake screen. To determhether screen contact or impingement may be
of any consequence to these species, the secordtivejwas to quantify the rate of injury and
mortality which followed contacts and impingemenitsthe wild, fish are likely to encounter screens
at different times in the day and over a range atiewturbidity which could affect their vulnerabyli

at an intake screen. Therefore the third objeatige to investigate the role that visual cues may pl

in mediating fish encounters with screens. This dase by comparing a subset of velocities under
both low-visual light and zero-light conditions.

3.2 Methods
3.2.1. Fish collection and holding

Young-of-year (0+) golden perch (mean standardtlergdl £ 3 mm SD) and silver perch (mean SL
=51 £+ 6 mm SD) were obtained from the Narrandesadfies Centre hatchery in March 2011. Fish
were transported to the Port Stephens Fisheri¢gutesin plastic bags (approximately 300 fish per
bag) filled with 20 L of dam water and sealed wigh pure oxygen atmosphere. Prior to
experimentation (and during post-trial recovery fish were held in a 10,000 L circular polyethgen
holding tank, filled with bore-drawn water. The kawas situated next to a second 10,000 L tank
which contained the experimental flume (Figure ITHe total volume of the system (20,000 L) was
constantly exchanged between both tanks via a dpgab filter which was established five weeks
prior to the arrival of fish. A heat exchanger ntained the water at an average temperature of 23.7
°C (range 19.4 - 24.8C) for the duration of the experiment. Within th@imholding tank, each
species was separated into a separate floating(¢age x 1.5 m, 5 mm mesh net). An air stone in
each cage helped to supplement oxygen levels wigch monitored continuously.

To minimise the risk of stress-related diseasevalg transport, the fish were given a prophylactic
salt treatment which involved raising the salimfythe system to approximately 5 ppt for three veeek
and then maintained at approximately 4 ppt througlioe study. Prior to adding more bore water,
temperature, pH, dissolved oxygen, salinity anddoetivity were measured with a Horiba water
guality meter to ensure they were within acceptabigyes. Low stocking density, adequate filtration
and regular water quality monitoring negated thednfr ongoing water changes beyond the initial
prophylactic treatment. Water quality (temperatpté, dissolved oxygen, salinity, conductivity) were
constantly logged at 1 minute intervals (YSI Aus#raQueensland, Australia) (Table 6). Ammonia
levels were measured weekly and were never four tat detectable levels. Automated fluorescent
lighting was set on a 10 hour on-cycle to approxa@anatural photo-period for the study locatiod an
time (the east coast of Australia during May). Tish were fed twice daily, with both species being
fed Chironomidaesp. larvae and a commercial feed (silver perch uafeed crumble, Ridley,
Victoria, Australia; golden perch - Otohime Hirant@l granule, Aquasonic, New South Wales,
Australia).

3.2.2. Experimental apparatus

An open-top, partially-submerged rectangular swingnilume was constructed from perforated
aluminium plate screen (3 mm holes, 30 % porogkigure 12). Perforated plate is a commonly used
material to construct fish screens, being costtffe, strong and easily cleaned and maintainedr(Al
Richley, Oregon Fish and Wildlife Fish, Screenimgdtam Coordinator, personal communication).
To aid in observation, test fish were confined teuéasection of the entire flume and intake screen
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using a cradle constructed out of the same peddratesh (Figure 12a). Water was recirculated
through the flume using a pump capable of deligrip to 1,950 L/min (Figure 11). Valves at the
downstream end of the pump controlled flow throtlghflume, allowing variable slot velocities (SV)
(see pagei) to be generated through a removable intake sci@mcharge through the flume was
quantified in the pipe between the flume and thenpwsing a ultrasonic flow meter with doppler
insert sensor (Series 2 Flo Pro, Mace, Sydney Alis)r(Figure 12). The appropriate discharges
required to generate a variety of SVs were caledldas a function of screen surface area, porosity
and volume of water moving through the flume). Each SV, a propeller-driven, digital flow meter
(General Oceanics, Inc., Florida, U.S.A)) was usedake replicate velocity measurements in the
flume at increasing distances from the screen faoan this the perpendicular velocity vector was
plotted (Figure 13) and the approach velocity (A8/fm from the screen determined for each slot
velocity. The treatment velocity was maintainedtla required level by continuously monitoring
discharge throughout the trial.

3.2.3. I ntake experiments

Each replicate for each treatment velocity condisteintroducing a test group of 10 individual fish
into the flume. Fish were assigned to each regibgtdip-netting them out of the main holding cage
prior to the start of each experiment. This appndacallocating fish to replicates resulted in gual
allocation of size ranges across the differenttineat groups (One-way ANOVA; golden perch
F,20471.97, p=0.0827; silver perchskes=2.2, p=0.0546). Apportioning equal size ranges was
deemed important so that no particular treatmentadoed fish that were bigger or smaller than other
groups, thus minimising bias arising from differeadn swimming ability.

After being placed in the flume, fish were crowdeda point farthest from the intake screen using a
divider. The divider was in place for 30 minutesridg which time they were exposed to a velocity of
approximately one body length per second to actismaFollowing this period, the flow in the flume
was increased to the desired approach velocitiieastreen face, the divider was removed and fish
allowed to approach the intake screen. The tredtredacity was maintained for 60 minutes and fish
behaviour recorded using a Sony DCR-HC21E videoecammounted on a tripod above the flume
(Figure 11).

As anticipated, the velocity vector perpendicutathte screen decreased considerably with increasing
distance from the screen face (Figure 13) andatltB and 1.5 m/sec SVs, AV was the same. The
order of velocity treatments was randomised througlhe entire experiment (Table 7). Silver perch
were subjected to SVs between 0.7-1.5 m/sec, emuatiAVs between 0.2-0.4 m/sec. Golden perch
were tested over a slightly lower range of velesit{0.5-1.3 m/sec SV or 0.15-0.4 m/sec AV), as they
appeared to be weaker swimmers during pilot tegpegsonal observation). To quantify the potential
rate of entrainment at an unscreened intake, @péaates of each species were also exposed 0 a ‘n
screen’ treatment where the perforated screen eamwed and replaced with a Perspex-backed
screen with a 100 mm diameter hole cut into it tiedvelocity at this hole set at 2 m/sec (termed SV
but measured at the intake). When analysing theovid ‘no screen’ replicate was deemed to have
concluded once all fish were entrained.

All velocity treatments were run under a zero ligbhdition (0 lux), by excluding ambient light from
the flume using a black plastic cover. To enabtiewsicapture, the camera was set to ‘night vision’,
and the flume within the vicinity of the intake sen was illuminated with a low power infrared light
(52 mm diameter, 50 LED, wavelength850 nm, maximum radiant intensity200 mW/sr at 100
mA). The effect of visual light on fish behaviourthe intake screen was tested for both speciesave
sub-set of approach velocities (Table 7). It wapdtlgesized that increased light may facilitate an
avoidance response if fish could visually obsehe dcreen. To create a low level of visual light (1
lux at the surface), an incandescent 40 W bulb dittihmer switch was positioned directly above the
swim chamber, pointing in an upward direction toduce a weak diffuse light across the entire
flume. For the lighted condition, five replicateogps of silver perch were tested at SVs of 0.7, 1.1
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and 1.5 m/sec (0.2, 0.35 and 0.4 m/sec AV) anddieeips of golden perch were tested at SVs of 0.5,
0.9 and 1.3 m/sec (0.15, 0.3 and 0.4 m/sec AV)s&hgere compared to the equivalent velocities
tested under zero-light. For brevity here aftedoeities will only be referred to in text as AV,
however, both AV and SV will be shown in tables &igdres.

Immediately following each 60 minute test, fish eeip-netted from the flume and placed in a 250
mm x 250 mm x 100 mm plastic recovery box with mgisies and floated in the holding tank (Figure
11). At this time the number of dead fish were d¢edn After 24 hours, any further deaths were
recorded and all remaining fish were euthanaseddaolution of Ethyl-p-amino benzoate (100 mg/L)
and inspected closely for signs of injury and thesasured. Injury and mortality rates were compared
to a handling control, where five replicates groapsach species were subjected to identical hagdli
conditions to the velocity treatments, except that60 minute test period was carried out with zero
approach velocity at the intake screen. Injury emattality were not quantified for the ‘no screen’
treatment, as the vast majority of fish were eitbetrained during the experiment, or escaped the
flume through the intake pipe once the pump wasstioff.

3.24. Statistical analysis

Three behaviours were quantified from viewing videotage (Figure 12): 1) Approach — when a fish
moved to within 5 cm of the intake screen; 2) Comtawhen a fish touched the intake screen for less
than 3 secs; and 3) Impingement — when a fish ctedahe screen for a prolonged periadB(secs).
Approach was expressed as a rate (number of apm@eatish/minute). The probability that
approaches would result in either a contact or mg@ment was expressed as a percentage. To assess
differences in approach rate, probability of cohtand probability of impingement (dependent
variables) between velocity treatments, permutatianalysis of variance (PERMANOVA) was used
(Andersonet al. 2008). This produced a test statistic equivalerthe traditional F ratio but used a
permutation procedure to assess significance, dkagling assumptions of normality. Separate one-
factor models were used to compare dependent lesidbr each species among five different
approach velocities and the ‘no screen’ treatmiexed factor, six levels, 999 permutations under an
unrestricted model). Two-factor models were useerwlkxamining the interaction between light
(fixed, two levels) and a reduced number of velesi(fixed, three levels), this time conducting 999
permutations under a reduced model. When a facsrimdentified as significant at p<0.05, post-hoc
pairwise tests (t-tests) were conducted, againiribtap-values using 999 permutations. One-factor
permutational ANOVA (999 permutations under an strieted model) were used to compare the
probability of injury for different approach veldieis for each species.
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Figure 11. Overview of experimental setup showing the holdiagk (left) and test tank (right) containing the
flume (inset). Ambient light was excluded from tfieme using black plastic and supplemented withegit
infrared light (zero light treatments) or a 40 wattandescent light (lighted treatment).
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Table 6. Summary of water quality in holding and test tadlksing the study.

Parameter Range Mean + S.E.
Temperature®C) 19.40 - 24.90 23.70 * 0.08
pH 8.20 - 8.77 8.48 * 0.01
Dissolved Oxygen (mg/L) 4.58 - 6.35 5.86 + 0.06
Salinity 4.20 - 5.80 4.09 + 0.04
Conductivity (mS/cm) 6.22 - 10.65 8.53 + 0.16

Table 7. Experimental design showing the number of repdicist groups allocated to each slot (SV) or
approach (AV) velocity treatment and tested in ezitho light or low-light conditions. ‘No light’ refs to
experiments at 0 lux, ‘low light' refers to expegants at 1 lux.

Velocity (m/sec) Golden perch Silver perch
S} AV No light Light No light Light
0* 0* 5 5

0.5 0.15 5 5

0.7 0.2 5 5 5
0.9 0.3 5 5 5

11 0.35 5 5 5
1.3 0.4 5 5 5

15 0.4 5 5
2.0" 0.8 5 5

* handling control; T no screen
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Figure 13.Velocity profile in the flume showing decreasindogty perpendicular to the screen with increasing
distance from screen. Profiles are shown for tifferéint slot velocity (SV) treatments. The vertitiaks signify
the various approach velocities (AV) (measured &rom the screen face) for each SV.
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impingement (prolonged contagt

3 sec), and c¢) a school of fish
displaying positive rheotactic
behaviour in front of the screen
face
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3.3 Results

Silver perch were more likely to approach the stitban golden perch (Figure 15). In the presence of
a screen, silver perch averaged between approXimatend 2 approaches/fish/minute, with no
difference in approach rate detected between fifierelit velocity treatments. A significant increase
in approach rate was measured in the absence afcthen, although this was primarily because all
fish were typically entrained within the first fawinutes of the trial, reducing the time of theltead
inflating the approach rate. Golden perch approd¢he screen much less than silver perch (never
more than 0.6 approaches/fish/minute) and werefgigntly more likely to approach the intake when
a screen was present. There was a trend of redapr@ach rate with increasing velocity, and golden
perch approached the screen significantly less Aivcexceeded 0.3 m/sec.

Typically between 30 and 70% of screen approaclesiler perch and golden perch resulted in a
screen contact, but very few of these resulteanipingement (Figure 16). The probability of screen
contact differed among velocity treatments for esilperch but not golden perch. The probability of
impingement was not influenced by velocity for eittspecies. There was a trend of decreasing
probability of screen contact for silver perch atoeity increased. Silver perch were less likely to
contact a screen at 0.35 m/sec AV when comparéd2tan/sec AV and probability of contact was
also significantly lower at 0.4 m/sec AV than & 0r 0.3 m/sec AV. In comparison, the probability o
contact for golden perch remained above 50 % argklla unchanged as AV increased above 0.2
m/sec.

On average, 96 + 4 % of silver perch and 58 = 12f%olden perch were entrained (equating to
mortality) by the intake in the absence of the earéMortality rates were comparatively low in the
presence of a screen (Table 8), with very few sipexch (1.0 + 0.7 %) or golden perch (1.7 £ 0.7 %)
dying within 24 hours of experimentation. Injurytas were considerably higher for both species
(Table 8), but no velocity treatment was found awdnhigher rates of injury than the handling cdntro
(Figure 17) and no correlation was found betweernréte of contact or impingement and the number
of fish recorded as injured (Table 9). Fin damage the most frequently recorded injury type (Table
8).

Silver perch had a significantly lower approaclenatthe dark than when under light (Figure 18 and
Table 10). There was a significant interaction et light and velocity because the difference
between light and dark approach rates were mor&adaat the lower velocities and not significantly
different at the highest velocity tested (0.4 m/a&Q. The probability that silver perch would coata
the screen decreased with increasing velocity theitprobability of contact was higher in the dark
than it was under light, in all but the lowest \atyp tested (0.2 m/sec AV). Although impingement
rates were low across all treatments, there wagnéisantly higher probability of impingement ihe
dark at the highest velocity tested. Like silvergbe golden perch also had a significantly lower
approach rate in the dark than when under lighguiieé 18 and Table 10), but the probability of
contact and impingement appeared unaffected by lkgkls.
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Figure 15. Mean (+ SE) rate that a) silver perch and b) golderch approached the experimental screen across
the various slot (SV) or approach (AV) velocities/¢ec) and no screen treatment. Different lettepgesent
significantly different treatments (p<0.05) detemed by pairwise comparisons. Note the differentescan the
y axis.
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Figure 16. Mean (+ SE) probability of screen contact and imggiment resulting from a screen approach in a)
silver perch and b) golden perch, between the réiffeslot (SV) or approach (AV) velocities (m/sédjhere an
overall significant treatment effect was found,ngfigantly different groups (p<0.05), determined pairwise
comparisons, are indicated by differing letters.
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Table 8. Number of silver perch and golden perch dead omatw signs of injury within 24 hours of
experimentation. The ‘no screen’ treatment has leeetuded.

Category Silver perch Golden perch
Unharmed 336 377
Dead within 24 hours 3 5
Injured within 24 hours 111 68
Fin damage 102 58
Scale damage 9 7
Head damage 0 0
Eye damage 0 0
Haemorrhage 0 3
Total number of fish 450 450

a) Silver perch b) Golden perch

80 ' ' ' 80
Vi F (5,2471.2344, p=0.33 Vi F 5.24=2.2647, p=0.097
70| 1 70
60 [ 1 60
3 3
3, 90f 3 50
£ £
3 407 I B 40
G G
< 30[ X 30 I I
20| 20 1 I
o ]
‘ ‘ ‘ ‘ ‘ ‘ 0
Handling 0.7 0.9 11 1.3 15 Handling 0.5 0.7 0.9 1.1 1.3
conol 02 03 035 04 04 contol 915 02 03 035 04
Velocity SV Velocity SV
AV AV

Figure 17.Mean (+ SE) percentage of fish showing signs pfrias (24 hr post experiment) for each slot (SV)
or approach (AV) velocity compared to the handiogtrol. Results of one-way permutational ANOVA aimo

Table 9. Correlations between the number of fish injured #ral contact and impingement rate of silver and
golden perch exposed to the simulated intake screen

r p
Silver perch Contact rate versus number of injursia f -0.1951 0.3014
Impingement rate versus number of injured fish -3 0.848
Golden perch  Contact rate versus number of injussd f 0.0657 0.7302
Impingement rate versus number of injured fish -093 0.848
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Figure 18. Mean (x SE) approach rate (a) and probability thatapproach resulted in a contact (b) or
impingement (c) for silver perch (left) and goldparch (right) for different slot (SV) or approacAM)
velocities (AV, m/sec) and light (Li) treatmentsg&ificance levels of main-effects ANOVA are shofan each
factor and interaction (detailed in Table 10). Whér was found to be significant, pairwise companis for
each pair of Li within each AV was conducted angh#icance level indicated above the bars. Sigaificat
*P<0.05, *P<0.01, NS: non significant.
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Table 10. ANOVA results partitioning variance of the factdight and approach velocity and the interactiothafse, for approach rate and the probability pf@gches resulting
in contacts and impingements, for both silver pencti golden perch.

Source of variability df Approach rate Probapilif contact Probability of impingement

MS F P MS F P MS F P
Silver perch
Light (Li) 1 5.5527 36.056 0.001 3186.5 21.0350.001 16.957 4.3775  0.009
Velocity (V) ' 2 1.4781 9.5979  0.001 2558 16.8860.001 3.241 0.83668  0.537
Li*V 2 0.5803 3.7681  0.028 840.82 5.55060.009 4.2431 1.0954  0.400
Residual 24 0.154 151.48 3.8736

Golden perch

Light (Li) 1 0.51658 31.941 0.001 0.99031 0.062790.956 89.748 1.3779  0.293
Velocity (V) 2 0.14458 8.9397  0.001 106.19 0.673350.530 49.738 0.7637  0.506
LiI*AV 2 0.0393 2.098 0.145 625.55 3.96650.044 99.773 1.5319  0.257
Residual 24 0.01617 57.71 65.132

"This only includes data for the subset of velotigatments where light levels were compared (sé&deTd.
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3.4 Discussion

Laboratory experiments determined that the physéralounter between juvenile silver perch and
golden perch and an intake screen was defined dpmdination of flow conditions near the screen
and behaviour of individual fish. Juvenile silveargh and golden perch behaved differently when a
screen was encountered. Golden perch actively asdloldgher velocity regions by engaging in
positive rheotactic behaviour which was enhanced vakcity increased. Chinook salmon
Oncorhynchus tshawytschexhibit similar behaviour when approaching scre@dwansonet al.
2004). By comparison, juvenile silver perch wereaeniikely to enter higher velocity regions in front
of the screen and appeared more able than goldeh fmesuccessfully negotiate these higher velocity
regions, leading to decreased contact probabilie difference observed in behavioural response and
contact rates may suggest that avoidance resparsepecies-specific.

Both silver perch and golden perch made more sciaggoroaches under lighted conditions,
particularly at lower approach velocities. Silvargh were also more likely to contact the screen at
higher approach velocities in darkness. Togethesdlobservations indicate that rheotactic responses
to flow are in part influenced by visual cues, liegdto an increased ability to negotiate higher
approach velocities under lighted conditions. Irkdass, positive rheotactic behaviour was enhanced
and fish mostly avoided the screen but when fishagiproach the screen, the probability of contact
was far greater. Swanseah al. (2004) made a similar observation of juvenile @k salmon at an
intake screen under different light conditions whstiggests that under darkness, fish rely more upon
flow conditions to guide movement but under lightaehditions they supplement this rheotactic
response with visual cues. Such an observatioigmifisant for the development of screening crieri
for the Murray-Darling Basin, as the lowland rivease typically high in turbidity and fish are
therefore less likely to have the capacity to sdilvisual cues when they encounter fish screeres. Th
same scenario would exist for fish which encouatecreen at night. Criteria developed for fish unde
lighted conditions could therefore underestimateithpact of certain screen criteria when applied in
the wild. It is recommended that future studiesealrat developing screen criteria for fish do soeund
conditions of no light.

Adding a screen afforded a significant level oftpotion for the juvenile fish tested in this study.
Without a screen the majority of golden perch (58&#d silver perch (96 %) were entrained at the
intake, with lethal consequences. Fish also coadiitte screen when it was present but these centact
rarely resulted in impingement across the entinegeaof velocities tested. Importantly, neither
contacts nor impingements were lethal or causedymsaort-term injuries (when compared to the
handling control). The reductions in mortality rgt@vided by a screen were significant, reducing to
below 2 % for these species when a screen wasrprdagthermore, injury rate when a screen was
present was not correlated with approach velocdte of contact or impingement, suggesting that
neither golden perch nor silver perch were adversélected by an intake screen operating at
approach velocities as high as 0.4 m/sec. If thedactions in mortality rates can be extrapolated t
what may be expected in the field, our results sagthat intake screens operated at these vebocitie
have great potential for protecting Murray-Darliigh species at water diversions.

Laboratory experiments are most beneficial if reprgative of the environmental conditions in a-real
world setting, but this is not always the case.iRstance, estimates of fish swimming ability obeal
from swim tunnel experiments often poorly predictiéshway ascent probability for Australian
species, (Mallen-Cooper 1992). In the current sthdyflume was created to simulate a screened river
intake, where velocities significantly decreasethwicreasing distance from the intake screen. Unde
these conditions fish needed only a short burstdpe access regions of slower velocity to avoid
impingement (Peake 2004). This aside, there isyaze possibility that by using hatchery-bred fish
which may have poorer swimming ability than wildhi(Bams 1967, Taylor and McPhail 1985), or
by constraining fish within a flume, rates of cattand impingement may have been overestimated.
Observations made at an experimental intake sdrearriverine setting have shown that undefined
Murray-Darling Basin fish species between 40 andrB had approximately a 40-45 % probability
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of contacting the intake screen at approach védsciof 0.5 m/sec and 15-20 % probability at
approach velocities of 0.1 m/sec (see previoustehdpgure 10). In the experimental flume, golden
perch of an equivalent size had slightly highehptulity of screen contact (approximately 60 and 40
%) over similar approach velocities (Figure 16bl)thAugh there is no way of determining whether
the same species were being observed in the fradk,tit may suggest that criteria deemed
appropriate in the laboratory maybe somewhat coatige, but still likely to afford adequate
protection for fish in the wild. Screening critedaveloped based on laboratory testing could benefi
from subsequent field verification.

In conclusion, a perforated plate screen operaingpproach velocities up to 0.4 m/sec (1.5 m/sec
SV) had few lethal and sub-lethal impacts on juleesilver perch and golden perch. Further, the
presence of the screen significantly reduced thel lef mortality that arose by entrainment at an
unscreened intake. In the absence of any exisshgstreen criteria for Murray-Darling Basin specie

it is recommended that for screens made of peddrptate, approach velocities of up to 0.4 m/sec
would provide adequate protection for juvenile eilperch and golden perch. Further research is
warranted on other species and age classes, paryatiit is desirable to devise design critewaich

will protect a wide range of species and life higtetages vulnerable to diversion. Additionally, it
would be beneficial to repeat experiments on jueesilver perch and golden perch at higher
approach velocities to determine upper criticalitérof swimming capabilities at intake screens.
Doing this will help guard against developing oyerbnservative design criteria, which will lead to
unnecessarily big and expensive screens. Smalfriexgaal flumes, such as the one used here, will
be a useful tool for undertaking these further istsidsince they allow rapid testing of a large nemb
of species, life history stages and treatmentdydantg screen materials and approach velocities.
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4. REVIEW OF FISH SCREENING PROGRAMS IN THE
UNITED STATES OF AMERICA: LESSONS FOR THE
MURRAY-DARLING BASIN.

4.1 Introduction

Intake screens are commonly used to reduce fistedoat water diversion points (Moyle and Israel
2005). Fish screening laws date back to the 1a@4.8n the United States and the sheer number of
fish impacted by some diversions was first quaadifearly last century (Brannon 1929). Since that
time, substantial resources have been devoted d@orésearch and development of screening
technologies and there has been a steady evolutiona non-systematic, largely ineffectivag] hoc
approach to screen design and installation, tonioelern era’ of screening where programs are more
strategically coordinated and prioritised, welloesced and backed by an evidence based-approach
(e.g. McMichaelet al. 2004, Peake 2004, Cech and Mussen 2006, Véhige. 2007). Considerable
uncertainty still exists over the cumulative cdmtition of large-scale screening programs to the
sustainability of fish populations but there iglditdoubt that, at times, large numbers of fish ban
lost by diversions and that fish screening is apdrtant conservation tool for guarding against
population declines and localised extinctions imeareas (Moyle and Israel 2005).

There is presently no fish screening program inMlueray-Darling Basin and it is desirable that any
emerging programs consider the successes andefaibirothers. To this end, this chapter reviews
some of the key features of screening program$erPacific Coast of the United States of America
(encompassing the States of Oregon, California \Wadhington and referred to hereafter as the
‘Pacific Coast’), that are of direct relevance toeamerging program in the Murray-Darling Basin. We
contend that in order to address this significastieries management issue, there is no need to re-
invent the wheel, but appreciate the difficultiesdasuccesses of established and emerging
technologies that have manifested over the lagucgnThe key objective of this chapter is to prmvi

a list of recommendations to assist managers asehrehers to begin tackling this significant, but
only recently acknowledged, conservation issuééBasin.

4.2 Do we know enough about the extent of the problenmithe Murray-Darling Basin to
begin action?

Research quantifying the number of fish lost agation diversions in the Murray-Darling Basin is
limited, but the few studies that have been corellcduggest that the problem may be substantial
(King and O’Connor 2007, Baumgartnet al. 2009). There is evidence that a diverse rangeésbf f
species can be entrained by both pumps and griadtydiversion canals. Larger-bodied fish have
been shown to enter irrigation canals or be ergchin pumps, whilst early life stages (eggs, larvae
and 0+ or first year of life) appear to be the nadfcted, based upon their dispersal strategypaond
swimming ability (Gilligan and Schiller 2003, Kirgnd O’Connor 2007, Baumgartner al. 2009).
Early life stages of Murray cadlaccullochella peelii peeliigolden perctMacquaria ambiguasilver
perch Bidyanus bidyanusand trout codMaccullochella macquariensifave downstream drifting
phases which correspond to peak periods of irogathbstraction (November and December)
(Gilligan and Schiller 2003, Humphries and King 2R0Larval drift studies within the main river
channel and irrigation canals show that during geekding seasons millions of Murray cod and trout
cod larvae and the eggs of golden perch and gilwarh are potentially vulnerable to abstractiomfro
the main river (Gilligan and Schiller 2003, Kingda®'Connor 2007).

Fish entrainment at diversions in the Pacific Caast reach many million individuals (Allen 1975,
Spaar 1994). Numbers entrained are usually coectltd the number of fish in the river and the
amount of water being diverted. A similar relatibipshas been observed in the Murray-Darling Basin
(King and O’Connor 2007, Baumgartnet al. 2009). The volume of water diverted during peak
irrigation times often exceeds downstream flow amme sites within the Murray-Darling Basin
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(Thoms et al. 2004, Baumgartneet al. 2007, King and O’Connor 2007), thus increasing the
probability of fish entrainment. McMichaet al. (2004) contend that the extraction of even a small
percentage of egg and larval production may reptegesubstantial loss of potential recruits from
main river environments. This is likely to have oraimplications for the sustainability of Murray-
Darling fish populations, since it is felt that paecruitment over several decades, rather thamn poo
spawning, can be responsible for differences mflisinas between rivers (Humphrigsal. 2002).

Although the limited studies available raise sigmaifit concern over the impact of diversions on fish
populations in the Murray-Darling Basin, theretil aot enough information to fully appreciate how
this is affecting populations at a Basin scalds limportant to ask; do we know enough about the
impact to proceed with developing a screening @oqKing and O’Connor (2007) have suggested
that effective management solutions cannot be pesgd until the true spatial extent of the probkem
understood. Quantifying the extent and variabibfythe problem may be useful from a resource
allocation perspective, but will only likely higght spatial and temporal variability in impacts (o
and Israel 2005) and not eliminate the need foiti@gation program. Most fish screening programs in
the United States apply a precautionary approacfisteeries management (Dayton 1989), where
diversions are assumed to harm fish unless protteerwise (Moyle and Israel 2005). There is an
accepted recognition that even small diversionshthe capacity to impact fish populations under
certain circumstances and policies requiring magtrdions to be screened are strictly enforced in
sensitive areas (McMichaet al.2004).

Adopting a similar precautionary approach to sdregrwith research dollars better spent on refining
biological criteria for screen design rather thanfarther quantifying entrainment rates, would be a
far more cost-effective investment for the Murragrllhg Basin Such an approach has alredmben
demonstrated to be hugely successful in restorigty ffassage to 2,225 km of the Murray River
between the sea and Hume Dam (Barmetl. 2008). This program saw the remediation of 14 main
stem barriers with fishways, without the need fetadled quantification of the relative severity of
each batrrier.

4.3 An evidence based approach to developing screen dgscriteria

There is more to protecting fish at water diversitimen simply installing an exclusion screen with
mesh fine enough to exclude targeted species erctasses. Although mesh size can dictate the sizes
of fish which may be entrained into diversion irgakthe hydraulic conditions at the screen face are
just as important (if not more so) since it detewesi a fish’'s ability to escape screen contact or
impingement (prolonged contact). If contact andiimgpment are severe enough to lead to injury or
mortality, than the impact of the diversion is hating negated by the presence of the screen. The
tendency for a fish to escape entrainment or ingrimgnt typically relates to both its swimming
ability and velocities generated at the screen, fpagicularly the velocity vector perpendicularthe
screen (approach velocity) relative to that aldmg $creen face (sweeping velocity) (Swanebal.
2004, 2005a). These velacities are a function i@fast flow, diversion discharge and screen design
features such as screen material (e.g. bars, meglrfmrated screen), its porosity, size and how it
operates.

Guideline documents are useful to inform constngctauthorities and stakeholders interested in
advancing the installation of screens given the pier nature of screen design and biological
performance (Anon 1997, Nordlund and Bates 2008yit) clear and quantifiable design criteria has
been a critical feature of fish screening programghe Pacific Coast. Screening programs in this
region typically adopt the National Marine Fisherigervice (NOAA Fisheries) criteria for fish screen
design (NMFS 1997), although others do exist (EDQFG 2000). The guidelines have a particular
focus on endangered salmonids based on requiremietits Endangered Species Act, Federal Power
Act and the Fish and Wildlife Coordination Act. Thds provision, however, to develop additional
criteria where there is the opportunity to protetiier endangered species at a site (NMFS 1997).
Similarly, the CDFG (2000) guidelines also allowyision for other endangered species such as delta
smelt Hypomesus transpacificud’he guidelines try to maintain some degree ofegaity and
acknowledge that criteria may need to be flexibleatcommodate site specific constraints (NMFS
1997), but also clearly stipulate critical threlslsowhich should not be exceeded with respect to
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aperture size of screening material and approaldtities, which in turn vary based on the age class
of species present and type of cleaning mechanisploged. Other, more descriptive guidelines
involve sweeping velocity (e.g. must exceed appgroeelocity), screen submergence, intake and
screen position, and design features of fish bygsa&hannels diverting fish from the screen faakba
to the river channel) such a pipe depth, diameatmcharge location and internal water pressure
(NMFS 1997).

No screen design guidelines currently exist for thal@n native fish and they will need to be
developed as a matter of urgency. Guidelines dpeeldor the Pacific Coast will undoubtedly be
useful, particularly for screening material, scrgmsitioning, maintenance and the performance of
bypass channels. Approach velocity, however, valtahto be a feature of primary consideration when
developing new guidelines for the Murray-Darling sBa Not only will this criteria need to
accommodate a more diverse range of migratory epewith very different swimming abilities to
salmonids species (Mallen-Cooper 1999), but alsorporate a smaller size range of fish, maybe
even early life stages such as the eggs and laf\@@me species. Most importantly, the Pacific €Coas
experience demonstrates that development of amgrierishould be backed by rigorous biological
experimentation and in-field compliance testing KMichael et al. 2004). The most effective way of
doing this will be by using laboratory studies @hf swimming capabilities and injury and mortality
rates at simulated screens, where variables ofeisit§e.g. approach velocity) can be adequately
controlled in a replicated and experimentally rdbway (e.g. Zydlewski and Johnson 2002, Peake
2004, Swansomet al. 2005a, Whiteet al. 2007). It should be expected that research wilbbgoing
and that screening criteria may have to be revésamore information relating to different specied a
age classes comes to hand.

4.4 Applying existing technologies in the appropriate antext

There are a wide variety of screen technologieagoenplemented in the USA which have direct
applicability to the Murray-Darling Basin (Table ahd Figure 19). There are several good sources of
information on the relative merits of different Hisgexclusion technologies and these should be
consulted when planning to screen a diversion (¢.8. Department of the Interior 2006). Generally
there are two main types of diversions in the Myslbarling Basin; pump intakes as typified in the
northern Basin and gravity fed canals, as typifiedhe southern Basin (Baumgartretral. 2007).
Within these two major categories, there are a hagge of site specific differences in design,
discharge and intake positioning that will necedsita diverse range of engineering solutions.
Continual improvement in design has enabled selsihg solutions that can be operated by solar
power or without the need for power altogether.seheptions are worth considering for remote and
sediment-laden rivers in the Murray-Darling Basin.

There are several benefits in adopting existingesting technologies in the Murray-Darling Basin.
Firstly, the technologies have often been develppesied and refined over many years. As a result,
their performance and associated benefits anddimits are well established and they could be
directly applied to the Murray-Darling Basin witlery little further developmental work. Another
benefit is that the costs associated with theirstogtion, installation and maintenance are already
known and readily available (Kepshire 2000), whickurn provides Government bodies, funding
programs and irrigators with the certainty requiteddevelop budgets and invest in infrastructure.
Given the significant size of the fish screenindustry in the Pacific Coast, fabrication shops have
been established to mass produce screens, a fdaairenelps to keep the costs down. Some
technologies, such as rotating pump screens, areneccially available and could be imported
directly from the USA using the internet.
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Table 11.Fish Diversion screens with high potential for dirapplication in the Murray-Darling Basin.

Screen type Features and suitability within the MDB Summary of Murray-Darling Basin suitability
Small pump site Large pump site  Small gradient- Large gradient- Instream
(<100 ML/day) (>100 ML/day) fed canal (<1000 fed canal (1000- weirs dams
ML/day) 10000 ML/day)

Rotary drum Screens fitted to rotating drum. A stotation of  No No Yes Yes Only when
the mesh allows debris to be effectively removed water is
thus preventing fouling. Suitable for low gradient, discharged
smaller diversion canals in the southern MDB. over a fixed
Simple engineering keeps costs down. Can be crest

powered by solar or paddle wheel for sites without
electricity supply. Can be made to suit canals with
variable discharge by operating multiple bays or
screens side-by-side (more screens are brought
online as flow rate increases and shut-off as flow

decreases).
Belt Has a mesh panel which vertically rotatesina  No No No Potentially, but not Yes
manner analogous to a conveyor belt. This design first choice

requires low velocities at the screen to prevestt fi
impingement. It is self cleaning and debris simply
collects and rotates with the screen. Requires powe
and is more expensive than other types. Probably
limited application at most diversions in the MDB,
other than large dams in junction with downstream
fish bypasses.

Vertical Panel Suitable for larger gradient fededlsion channels Potentially, but  Potentially, but  Yes Yes Yes
such as found in the lower MDB. Capable of not first choice  not first choice
accommodating greater fluctuations in river flow
than rotating drum as submergence depth less
critical. Needs to have an electric driven brushing
mechanism, typically in tandem with setting at
appropriate angle to facilitate sweeping velocities
across the screen face. * There is an exampleef on
doing 300 ML/day in Oregon, but there is no reason
why they could not be built to accommodate
diversions such as Yarrawonga (3,400 ML/day) or
Mulwala (8,000 ML/day)
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Pump screens: Rotating pump screens for small diversions (up to Yes: rotating Yes (brushed No No No
Rotating pump 30 ML.day" when two run in tandem) can be pump (<30 cylinders)
(e.g. Sure Flow®) purchased directly off the internet. Self cleanyg ML/day),
or brushed way of internal jet that sprays inside of rotating  brushed
cylinder (e.g. ISI) mesh screen (no power required). Possibly suitableylinders (>30
for reducing the entrainment and impingement of ML/day)
larval and eggs stages (although this needs to be
verified). For larger pump sites, rotating wedgeewi
cylinders (powered) with internal and external
brushes can be custom built for any discharge pump
(e.g. ISI 2010).
Horizontal screen  Could be suitable for low-gratigimersion canals No No Yes No Yes

and have been demonstrated to be suitable for
screening intakes to hydro electricity units placed
on weirs. Farmers Conservation Alliance (FCA) has
a patent on a unique design (Farmers Screen)
which has low approach velocities and is self
cleaning whilst allowing 90 % dewatering (10 % for
fish passage). Design specifications available from
FCA on request.
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Figure 19.Various screen designs for potential applicatiothe Murray-Darling Basin. (a) rotary drum screen,
(b) rotating pump screen with rotating head andriml jet, (c) travelling belt screen, (d) vertiganel screen
(submerged) with travelling brush and (e & f) bregtkcylinder pump screen (e & f reproduced with pssian

of Intake Screens, Inc.).

There are likely to be many instances where rétimgi existing intakes with existing technologies
will be difficult and site-specific solutions willeed to be developed and this should be acknowdedge
in screening guidelines (NMFS 1997). There willoal®e instances where existing technologies may
provide unique solutions for the Murray-Darling BalFor instance, the self cleaning properties of
rotating pump screens, whilst designed to preveulirfg when exposed to high debris loads, may
provide an innovative solution to the impingememtl &ntrainment of eggs and larvae. This warrants
further research.
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4.5 Maximising adoption

There are two main tools available to assist ireescradoption: legislation (or regulation) and
incentives. Elsewhere in the world, legislativeigdiions associated with endangered species are a
common driver for fish screen development (Moyld dgrael 2005). Presently, irrigation screening
legislation exists in North America (NMFS 1997, GBR000), New Zealand (Jamiesehal.2005),
United Kingdom, Ireland, Switzerland, NetherlanBgnmark (Turnpennyet al. 1998) and France
(Larinier 2008). Most fish screen guidelines ingheountries, except New Zealand, were developed
to protect migratory salmonids during seaward ntignaphases (McMichaadt al. 2004, Moyle and
Israel 2005). It is largely accepted, however, ibther species impacted by diversions were poorly
considered during screen design (Swanstoal. 2005b). Therefore, screen criteria are now becgmin
increasingly developed to accommodate non-salmgmedies in an effort and protect other migratory
species.

Although screening legislation presently existen@ny countries to protect endangered fish, typicall
these are associated with ‘grandfather clause€h $lauses make existing diversions exempt from
screening requirements and only new diversions avapecified size are legislated to screen. These
clauses afford some protection to owners of exjsttructures and screening requirements are
typically not applied unless a major modificatian made. Because of similar clauses, screening
legislation cannot be applied to a majority of dsrens throughout the Pacific Coast in the United
Stateswhere diversions are generally small (<5 cfs a2 I¥L.day") and owners are not bound to
screen (Kepshire 2000). Similar ‘grandfather clausarrently apply to the provision of fish passage
in some states of the Murray-Darling Basin. Fotanse, under the NSWisheries Management Act,
1994 the Minister may require works to enable fish pgsson either new barriers, or existing ones
that are being upgraded.

The most effective way of promoting fish screen@oim appears to be through incentives rather than
legislation or regulation (Kepshire 2000). In pasfsthe USA, to encourage voluntary screening,
generous financial subsidies of up to 60 % of dteltcost of design, engineering and installaticsn a
offered in addition to tax concessions (ODFW 201).while fish screening laws were passed in
Oregon as early as 1898, more recently it has theetegislated cost-share program (begun in 1991)
which has seen a rapid and steady uptake of figess in the Columbia Basin (Kepshire 2000). Fish
screen funding sourced through State Lottery rewdras been used to leverage additional irrigator
contributions and improve migratory salmonid préitet (ODFW 2010). Irrigator contributions can
include in-kind labour or materials which reduce tieed for individuals to meet substantial capital
costs. The overall success of this approach has®es 50 % of all irrigation diversions in Oregon
(estimated at over 55,000) fitted with screendiefgast century (Kepshire 2000).

There may be opportunities to assist irrigatorshiiite installation of fish screens in the Murray-
Darling Basin under existing grants programs. Ag p&the Australian Government’s $5.8 billion
Sustainable Rural Water Use and Infrastructure lroginder Water for the Future, $300 million has
been made available to assist irrigators upgraflasimucture with the aim of improving water
efficiencies to promote environmental sustainab(iRSEWPC 2010). Although fish screening is not
currently acknowledged in this On-Farm Irrigatioifidency Program, it would be feasible for such a
program to support capital and installation costsoaiated with system upgrades and ancillary
screening equipment, given the clear benefits ##®aoc with reducing impacts on aquatic
environments. This requires recognition from goweent and stakeholders that sustainable water
diversion is more than a matter of reducing the @amhof water diverted, but also involves diverting

in a manner which has less environmental impactexXenplified by the Oregon Department of Fish
and Wildlife (ODFW) cost-share program, the largenmitment that the Australian Commonwealth
Government has already made into funding the uggoddrigation infrastructure provides a fantastic
opportunity to establish a pilot fish screeninggseom in the Basin.

Not all incentives need be of a direct monetaryureatUnscreened diversions not only entrain fish,

but also sticks and other debris that can clogdtibn systems thus preventing water flow and

increasing infrastructure down time and repair £o8kperience from the Pacific Coast suggests that
reducing the running and maintenance costs ofgtrfrature can be a major motivator for irrigatars t
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both install and maintain intake screens. Fishguttin often becomes a secondary objective bat it i
still an important consideration (Alan Ritchey, Qoa Fish Screening Coordinator ODFW, personnel
communication). There are anecdotal reports thatesorigators around the Narrabri area of the
Murray-Darling Basin have been experimenting wittake screens in response to entrained fish such
as bony herrindNematalosa erebseizing pumps. This demonstrates that similar vatons may
exist in the Murray-Darling Basin and should beamaged perhaps via extension programs.

The extent of progress that can be made when torig@hampion a cause is exemplified in the Hood
River, Oregon. Water users from the Farmers IriggaDistrict (FID) spent over a decade developing
a unique horizontal screening device in conjunctiwith other agencies and not-for-profit
organisations, out of necessity to protect boilgation infrastructure and fish populations. Asault

the FID have patented their Farmers Screen andskckthe technology to the Farmers Conservation
Alliance (FCA). The FCA is committed to protectifigh and reducing the maintenance and operation
costs of irrigators, by coordinating screening @ctg and putting the profits back into fish pratact
and assisting irrigators. Within the Murray-DarliBgsin, community groups such as the Murray-
Darling Basin Authority’s Native Fish Strategy Commmity Stakeholder Task Force, provides a
perfect example of how the protection of fish papoins in the Murray-Darling Basin can be
promoted in a collaborative manner.

4.6 Co-ordination

Whatever the motivation is for irrigators to screliversions, it needs to be harnessed and maintaine
The best way to achieve this is to give ownersHipny program to water users by involving them
from the outset. The irrigation sector needs tat@ely involved and supportive of screen design
and refinement, project prioritisation and congslilten how the program could best operate.
Fundamental to this in the State of Oregon has Hemestablishment of a Fish Screening Taskforce.
The Taskforce coordinates the cost share programhi® installation of screens at diversions.
Appointed by the Oregon Fish and Wildlife Commissithis nine person public body comprises
representatives from the agricultural sector, @oaal fishermen, the fish conservation sector and
the general public. The taskforce is involved injgct prioritisation, reviewing most applicatiors t
the cost-share program and ensuring that screenieg and design criteria develop in responseeo th
latest research.

It should not be difficult for an analogous Fislré&@ming Task Force to be established in the Murray-
Darling Basin. The Murray-Darling Basin Authorityative Fish Strategy already utilises such a
model in the form of a Fish Passage Taskforce, Qamityn Stakeholder Taskforce and Native Fish
Strategy Coordinators. A Fish Screening Taskfolwrukl at least comprise fish biologists, irrigation
engineers, irrigators, recreational fishers andseoration managers.

4.7 Maintenance is an important factor of any screeningprogram

Fish screens operate in hostile environments, moallly exposed to water, sediment and debris.
Interference with screen operation through foulimg damage can substantially reduce optimal
function (McMichaelet al. 2004). Ongoing maintenance is therefore a critesppect of screen
effectiveness (Neitzedt al. 1990), often necessitating the development of mggmonitoring and
evaluation programs to ensure maximum screen efiigi, compliance with guidelines and fish
protection at times of peak fish migration (McMaghet al. 2004, U.S. Department of the Interior
2009). Screen maintenance is seen as one of tgedtighallenges faced by screening programs in the
Pacific Coast (Alan Ritchey, ODFW, personnel comitation) and routine inspection and
maintenance is seen as being more cost effectare rksponding to major maintenance issues when
they arise. Any fish screening program in the MyuBarling Basin will need to establish how
ongoing screen maintenance costs will be met, twotfain and maintain irrigator support, but also to
ensure screens continue to protect fish.
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4.8 Conclusion and recommendations

There is mounting evidence that irrigation divemsi@re contributing to the loss of fish from rivers
the Murray-Darling Basin and this important consgion issue will need to be addressed if fish
population declines are to be addressed. A Badile-fish screening program will be the best way to
reduce fish losses without compromising the neddsrigators. Importantly, in developing fish
screening programs in the Murray-Darling Basinréhs little need to “reinvent the wheel”, meaning
that we have the ability to act swiftly and stadtdeessing this problem with a significant level of
confidence. Much can be learnt from the evolutidnsgstematic, well-funded and coordinated
screening programs over the last century in theifiPaCoast of the USA. Importantly, key
characteristics of these programs have direct agles to the Murray-Darling Basin.

When developing a fish screening program in ther®ubarling Basin it is recommended to:

1. Undertake an inventory of the number, types and sfadiversions across the Basin to assist
with prioritising investment;

2. Acknowledge the science undertaken to date antikiblg spatial and temporal variability in
the impact of different diversions. Action shouldtnbe delayed in favour of further
quantifying the number of fish removed at differeintersions. A precautionary approach to
fisheries management should be adopted, wheresitvesr are presumed to impact on fish
unless proven otherwise;

3. Take an evidence based approach to setting scresigndcriteria specific for Australian
species and vulnerable age classes;

4. Ultilise the extensive development that has alrdabn undertaken with respect to screening
technologies in the USA and only adopt differecht®logies as a way of accommodating for
the diverse range of diversion types that will heaintered;

5. Further investigate the role of incentives anddkgion to facilitate cost-share programs to
assist with the adoption of screening by irrigators

6. Establish a Fish Screening Taskforce to coordirpatgect prioritisation and investment
(including cost-sharing programs), the developm&Enscreening guidelines and to ensure
water users have direct ownership and involvemedeiveloping programs; and

7. Acknowledge that ongoing maintenance of fish saeisnessential and can be a financial
burden if not incorporated into program budgetstithe beginning.
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5. CONCLUSION AND FINAL RECOMMENDATIONS

Fish screens can protect fish populations whilshtaming irrigator entitlements. Given the extesmsi
nature of water diversion in the Murray-Darling Baand the mounting evidence that a significant
numbers of fish and life history stages are vulbleréo extraction from river ecosystems, nativé fis
recovery in the Basin will be hampered without aaarted effort being made to screen fish at water
diversions. There are several different screenmgr@aches currently applied in countries like the
USA, many of which would be suitable for applicatio the Murray-Darling Basin, it is essential that
technologies be designed for local species. Thal neereplace many obsolete salmonid-based
fishways in the Murray-Darling Basin over the |agb decades has demonstrated the risk associated
with adopting design criteria developed for nonveatspecies. Only through targeted research
programs and by adaptively managing the constmiaifonew fishways has upstream passage been
restored for many native species. In a similar walyen adopting overseas designs for fish screens,
there is a need to ensure that they operate iryahaais hydraulically favourable for Murray-Dantj
Basin species.

A combination of field and lab-based experiments wsed to test a variety of approach velocities and
screening materials for the first time in Australi&e installation of fish screens significantlglueed

the rate of entrainment of fish at intakes. Applogelocities (measured 8 cm from the screen) of up
to 0.4 m/sec (1.5 m/sec slot velocity through tbeean) were effective in reducing entrainment of
juvenile golden perch and silver perch in labonatoials, with very little injury or mortality re$ting
from incidental screen contacts or impingementcdmparison, field observations of an assemblage
of fish at an experimental screen demonstratedetat modest increases in approach velocity (from
0.1 to 0.5 m/sec) produced a significant increagée rate of screen contact for fish smaller thad
mm, with the impact being more marked the smaigr fvere.

Based on these findings, it is recommended thaaliguidelines recommend that approach velocities
for Murray-Darling Basin fish screens not exceethisec. This guideline reflects acceptable linmits i
other parts of the world and there are currentlywyneost effective screening solutions available to
achieve this. The recommendation of 0.1 m/secasgutionary, since until the potential sub-lethral o
lethal impacts of these screen contacts can berstode for a larger range of species and size edass
uncertainty remains as to whether higher approatbcities will provide adequate protection for the
entire assemblage of fish. For some species, Vigeaxceeding 0.1 m/sec may be appropriate. For
instance, for perforated plate screen, approachcitids of up to 0.4 m/sec provided adequate
protection for juvenile silver perch and goldengterBut if the objective is to devise design créer
that will protect a wide range of species and Hifgtory stages from diversion, criteria need tcsée

to protect the most vulnerable in the populatiamitker laboratory testing of small-bodied species a

a greater range of early life history stages isdadebefore deciding whether critical velocity
thresholds could be set at higher levels.

Perforated plate is a material commonly used ih fisreens elsewhere in the world. It is readily
available, cost effective and has reliable longatgrerformance when combined with passive (e.g.
sweeping velocities) or active (e.g. brushes) dleatechniques. We demonstrated that golden perch
and silver perch, could easily free themselves @ib@tacting a perforated plate screen over a large
range of approach velocities, with little apparadterse health affects. Research elsewhere in the
world indicates little difference in screen contantl subsequent injury rates when fish were exposed
to a range of screening materials. Similarly, wenf little difference in the rate of screen contact
entrainment at an intake when comparing threeréiffesizes of woven wire mesh (5, 10 and 20 mm).
Together this information suggests that screeniagenal may not be as important a consideration
when designing screens for the protection of feghjong as suitable approach velocities are being
maintained in front of the screen face. That ispleasis needs to be given to using a material shat i
robust enough to ensure that desired approachitietocan be reliably maintained over the long-term
in often adverse operating conditions. It is themefrecommended that those installing screensein th
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Murray-Darling Basin be guided by principles deysld overseas with respect to appropriate screen
materials, as these have been well-tested andpbdimrmance and limitations well established for a
diverse range of screening technologies and envieomal settings.

It is important that recommended criteria are ageaft adopted as new information becomes
available. Initially, it would be beneficial to uadake the following research:

1. Laboratory trials to investigate the interactionveen life history stage/size (larvae through
to one year) and increasing approach velocity (rangetween 0.1 and 0.5 m/sec) for Murray
cod, trout cod and silver or golden perch. Screetenal can be standardised as perforated
plate, with the rate of screen contact and impireggnand fish injury and mortality being the
dependent variables quantified.

2. Laboratory trials to investigate the impact of gesing approach velocity (again ranging
between 0.1 and 0.5 m/sec) on the rate of scresiactoand impingement and fish injury and
mortality for small bodied species (e.g. Australsamelt, carp gudgeon and Murray-Darling
rainbowfish).

3. A literature review into the applicability of larvish screens in the Murray-Darling Basin
and experimentation into the effectiveness of delfining rotating pump screens for reducing
mortality of egg and larval life history stages.

4. A Before-After-Control-Impact (BACI) study testintpe effectiveness of installing a fish
screen of the specifications outlined in this régerg. perforated plate 0.1 m/sec approach
velocity) on an irrigation diversion in the fiel@his should utilise DIDSON to enable fish
behaviour at the screen face to be effectively tifiaah

A century after fish screens were first installegptotect migrating salmonids in the Pacific Cazfst
the USA, research aimed at refining screen desigtill ongoing using an evidence-based approach.
Successful screening programs were reviewed artitosgetermine actions likely to facilitate large-
scale fish screening in the Murray-Darling BasiishFscreening coordinating committees are a key
factor to successes in the USA and should be ésdtelito provide guidance regarding the setting and
refinement of screen design criteria, to priorit@®jects for implementation, to identify funding
opportunities and assist in the development of ntice schemes. Committees need to engage
community members, particularly irrigators, to sogpthe program. Individual Catchment
Management Authorities can be involved at a loeatl by developing diversion management plans.
State and federal agencies could support locgaitors and screening initiatives through legistativ
and policy support.

Given that no screen design criteria currently tefas Australian native fish, appropriate guidebne
should be developed as soon as possible. Guiddiioes other countries can help inform screen
material, positioning, maintenance and performasteadards. Approach velocity will need to be a
feature of primary consideration when developing geidelines for the Murray-Darling Basin. It is
clear that approach velocities will be needed ttgmt vulnerable species and that an ongoing field
and laboratory-based research program will be reeédeadaptively inform further screen design
development. Diversion management plans for atlteaents in the Murray-Darling Basin, backed by
adaptively implemented guidelines will provide éuet framework to arrest further native fish
declines.
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