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Executive summary

The Long-Term Intervention Monitoring (LTIM) Project aims to understand the impacts of
Commonwealth environmental waterin the Murray—Darling Basin (the Basin) and seeks toimprove
capacity to support flow allocation decisions. This report represents the 2017-18 Basin Matter
report for fish monitoring and evaluation within the LTIM Project.

In 2017-18, much of the Basin experienced very much below average to average rainfall conditions
and lowriverdischarges. Thisincluded the valleys where Commonwealth environmental watering
occurred. Thiswas a return to the dry conditions that occurred priorto the wet wateryear of 2016—
17.

During 2017-18, a total of 83 Commonwealth environmental wateractions were delivered
throughoutthe Basin, with expected outcomes forfish.

Thisreport summarises 2017-18 environmental watering activities and associated outcomes for fish,
as well as providing an overview of all fish data collected across Selected Areas from the first four
years of the LTIM project (2015-2018). Notable observationsinclude:

e Thirteennative and fourintroduced fish species have been collected across all Selected Areas
overthe four years. Highest overall abundance and species diversity occurred in the Lower
Murray River Selected Area.

e Three native species (Murray cod, golden perch, carp gudgeons) and two introduced species
(common carp and goldfish) were collected in all Selected Areas and sampling years, indicating a
maintenance of populations through time.

e Fishsamplingin 2017-2018 continuestoshow the legacy of the 2016-17 high flow year.

o Thisis evidenced by low numbers of mature Murray cod continuingto occurin the
Edward-Wakool River System, Murrumbidgee River, Lachlan Riverand Gwydir River
Selected Areas, where Murray cod deaths were reported in 2016—2017 due to
blackwater. This highlights the susceptibility of large-bodied native species to fish kills
associated with blackwater events.

o Conversely, abundances of some small bodied fishes inthese same rivers have remained
relatively consistentin 2017-2018, and in some casesincreased afterthe 2016—17 high
flow year.

e Fishthat survivedthe 2016-2017 flood eventsincreased in condition (weight at length)
suggesting higher growth rates following those higherflows. This was evident for Murray cod,
golden perchand common carp in multiple Selected Areas.

e In2017-2018 thisincrease in body condition was maintained, which suggests high flow years
may have some benefits that persist. This may relate to reduced competition due to greater
food availability but also may have beeninfluenced by the drop in numbers of adult fish due to
the fish deaths following the blackwater event.

e Thereiswidespread evidence of native fish successfully spawning, although this variesin
intensity between species, between Selected Areas and between times of the year.

e Goldenperchspawningishighlyvariable fromyeartoyear, but is associated with flow pulses,
providing other conditions are also met (temperature, fish condition). Several flow actions have
targetedfish spawning, and these actions appear successful.

e Murray cod spawning has occurred in mostyears and most rivers but did not occur during the
2016-17 high flow yearinthe Edward-Wakool River System or Lachlan River. With less evidence
for flow beingimportant watering actions have nottargeted the spawning of this species.

e Recruitmentof fishfromeggtojuvenile (i.e. postspawning)is variable.

e Successful recruitment of small-bodied native speciesis occurringin most years.
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e Despite spawningin mostyears, recruitment of Murray Cod was low in 2017-18. This likely
reflectsthe low numbers of breeding adults.

e Goldenperchrecruitmenthasalsobeenlow, despite spawning being detected inthree Selected
Areas (Goulburn River, Lower Murray Riverand the Murrumbidgee River).

e Increasingrecruitmentsuccess of golden perch and other native speciesisanimportant goal and
isa focus of ongoing monitoringand research.

e Recruitmentpulses of common carp were evident fromthe 2016—17 high flow yearinall
Selected Areas. This was strongest in the Lachlan River system (30X increase), however, they
were not presentas a distinct cohortin 2017-18, suggestingthatthey eitherdid notsurvive or
moved out of the sampling area.

The 2017-18 fish Basin Matters report isan important milestone in data quality and assurance of all
available data acrossthe firstfour years of LTIM, before undertaking detailed modelling within the
yearfive (2018-19) report, of the effect Commonwealth environmental waterand, more broadly,
riverflows, on native fish responses across the Basin.
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1 Introduction

1.1 Background

The Long-Term Intervention Monitoring (LTIM) Project aims to understand the impacts of
Commonwealth environmental waterin the Murray—Darling Basin (the Basin) and seeks toimprove
capacity to supportflow allocation decisions. It does this through the monitoring and evaluation of
the response of six ecological indicators to managed flows in the Basin. While this document focuses
on outcomes for fish, the other Basin Matters are: hydrology, vegetation diversity, stream
metabolism, ecosystem diversity and biodiversity. These Basin Matterindicators are being
monitored across seven LTIM ‘Selected Areas’ throughout the Basin.

Fishare atargetin all but one of these Selected Areas (Junction of the Warrego and Darlingrivers),
and so thisdocument commonly refers to fish data collected across six Selected Areas:

1. Edward-Wakool River System
Goulburn River
GwydirRiverSystem

Lachlan RiverSystem

Lower Murray River

6. Murrumbidgee River

vk wnN

The Selected Areas are monitoring sites which can be used to infer outcomes of environmental
watering more broadly across the Basin. Further details on sampling methods and experimental
design are provided in Stoffels & Bond (2016).

Fishare an important ecological component of the Basinand can also provide avaluable indicator
for understanding flow response. Evaluation of native fish diversity, condition, reproduction and
recruitment contribute to understanding the benefit of environmental waterand to the biodiversity
outcomes sought by the Murray—Darling Basin Plan. Fish have substantial cultural, social and
economicvalue and play importantrolesinfood web and ecosystem processes (Holmlund &
Hammer 1999).

Thisreportrepresentsthe 2017-18 Basin Matter report forfish monitoring and evaluation within
the LTIM Project; and is the fourth of five Fish Basin Matter reports to be delivered. Thisreportis
different from previous reports, as forthe first time we have a clean data set that can explore fish
outcomes across years, rather than focussing on a single year, however, summaries from this
monitoringyearare alsoincluded. This document reflects animportant step inreachingthe final
objectives of the Fish Basin Matterin Year 5.

1.2 Objectives

1.2.1  Overarching objectives of the Fish Basin Matter

A key objective of LTIMis to improve our capacity to predict ecological response to flow events and
regimes (Gawne etal. 2013, 2014). The overarching LTIM evaluation questionis:

What did Commonwealth environmental water contribute to sustaining native fish at the Basin-
scale?

Thisquestionis beingexaminedin a stage approach. Inthe firstinstance, research and monitoringis
seekingtounderstand the effects of all flow on native fish populations. This reflects all the water
that flows down the river system and reflects the environmental conditions that fish actually
experience. The second stage is to undertake additional modelling to attribute the observed trends
infish populations to the influence of Commonwealth environmental waterdelivery. Thatis, to
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understand how population dynamics would have differed had water not been delivered to
strategically support fish populations and other ecological outcomes.

To that end, the fish Basin Matters reporting therefore aims to determine:
(i) What is the influence of flow events and flow regimes across all Selected Areas, on:
- Spawningsuccess of native flow-cued species?
- Recruitmentstrength of all native fish species?
- Population composition (structure and condition) of abundant native species ?
- Native fish community structure and persistence ?
(ii) Does CEWO water contribute to any flow linked response to the se fish metrics?

(iii) Can any detectedfish responses toflows be used to predictfish responseto hypothesised
flow events?

1.2.2  Objectives for 2017-18 evaluation report

The focus forthis Year 4 LTIM Basin Matters fish reportisto presentand provide an overview of all
fish data collected across Selected Areas and first four years of the program. This is a critical first
stepin understanding data structure and sampling design constraints, dataissuesto be resolved,
and analysis and modelling approaches that willbe suitableforthe Year5 final reporting.

This differs from previous Basin Matterannual reports which provided preliminary analysis on the
impacts of flow and Commonwealth environmental water specifically, on fish responses.

We alsoinclude summary information for the Selected Area’s 2017-18 environmental watering
activities for fish as context of this year.

2 Basin context and Selected Area summary for 2017-18

2.1 Climate

In 2017-18, valleys where Commonwealth environmental watering occurred experienced very much
below average to average rainfall conditions. Average to below-average rainfall occurred throughout
much of the southern basin catchment, while the northern basin catchment was below to very much
below average.

2.2 Environmental watering

Environmental conditions across the Basin during 2017-18 were similarto the firsttwo years of LTIM
(2014-15 and 2015-16). Asfor the firsttwo years of LTIM, 2017—-18 was characterised by lowerthan
average rainfall and low river discharges, a majorflooding event that spanned much of the Basin was
a salientfeature of 2016—17 and some influences from this event were still evident this year.

During 2017-18 a total of 83 Commonwealth environmental wateractions were delivered
throughout the Basin, with expected outcomesforfish. Together, these wateractions comprised
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about 1, 825, 518 ML of Commonwealth environmental water!. Of these actions, over half targeted
fish habitatand / or movement, and one third targeting spawningand / or recruitment noting that
most watering actions have multiple expected outcomes. Of the 83 Commonwealth environmental
wateringactions deliveredin 2017-18, the most common expected outcomes related to movement,
habitat maintenance ordiversity for nativefish, followed by habitatimprovement and recruitment
(Figure 2.2.1).

spawning
recruitment
movement

maintain habitat
habitat improvement

diversity

connectivity

o
[6,]
=
o

15 20 25 30

Figure 2.2.1. Commonwealth environmental watering actions in2017-18 with expected outcomes for fish.

2.3 Selected Area Fish Outcomes

Of the 83 wateringactions that were delivered with expected outcomes for fish, 20were monitored
as part of LTIM and other CEWO commissioned monitoring programs (Table 2.2.1). In general,
populations of Murray cod were eitherstable ordeclining across the Basin. Golden perchand
Murray cod were both observed spawningin some parts of the Basin, however, there was little
evidence found of recruitment. The reason forthisis not well understood but will be elucidatedin
the full suite of modelsinyear5. In many Selected Areas environmental water was crucial in
allowing fish movementalongrivers andinto and out of wetlands where food availability is likely to
be high. This activity isimportantin maintaining population health.

Acrossthe Selected Areas wetland inundation was importantin maintaining good habitat for fish
(e.g. Lachlan, Lower Murray). Where wetland inundation occurred, there were increases in the mean
length of larval fish as well as successful spawning outcomes forthe more abundant species within
floodplain habitats such as Australian smelt (Retropinna semoni). In the Edward-Wakool more
Australian smeltlarvae were also detected within river reaches where environmental watering
occurred. Commonwealth environmental water also allowed significant movement of species such
as Murray cod, golden perch, silver perch ( Bidyanus bidyanus) and freshwater catfish (Tandanus
tandanus).

Murray cod, golden perch, carp gudgeons (Hypseleotris klunzingeri), common carp (Cyprinus carpio)
and goldfish (Carassius auratus) were detected in each Selected Areaannually, indicatinga

1 Note that this figure includes watering actions where water was reused and so accounted for more than
once. Many watering actions alsoincluded other sources of environmental water.
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maintenance of those populations through time. Given low water availability across all years (except
2016-17) Commonwealth environmental wateris arguably importantin maintaining local
populations of these species across the Basin.

Key findings from the Selected Area monitoringare summarisedin Table 2.2.1, including the
expected and observed ecological outcomes. Highlights from this monitoring includethe following;

2017-18 Basin-scale evaluation of Commonwealth environmental water —Fish

In the Edward-Wakool River System,

o

the delivery of winter baseflows and spring freshes contributed to habitat maintenance
and longitudinal connectivity. This connectivity isimportantin helping long-term
recolonization of fish following the deaths of mature Murray cod and golden perch
duringthe 2016-17 blackwaterevent.

Spring freshes assisted in the successful breeding of silver perch and golden perch,
althoughrecruitmentsuccess (i.e. survival of the eggs and larvae to juveniles) was low.
Thisremains an importantareafor further monitoring.

In the Goulburn system,

O

O

The delivery of springand summer baseflows, and spring and summer freshes coincided
with long distance movements of golden perch. Thisisimportantforthe maintenance
of populations through the movement of individual adults into suitable breeding areas.

The recorded abundance of many fish species was lowerin 2017-18 than previous years,
probably due toa reductioninsampling efficiency because of inter-valley transfers
elevating flows. Currently the monitoring does not address potential capture bias under
different flow conditions, except for flooding, when sampling would cease. Thisis an
importantissue to considerin future monitoring.

In the Gwydirsystem,

O

Baseflows and freshes contributed to better water quality in the region through the
dilution of nutrients, the reduction of pHand conductivity, and throughincreasesin
dissolved oxygen. Thisisimportant for maintaining healthy fish populations within the
system and brought conditions within the Australian and New Zealand Environment and
Conservation Council (ANZECC) water quality guidelines.

Springfreshes contributed to significant movement of Murray cod and freshwater
catfish as well as some recruitment forthese species. Thesefreshes mayincrease the
chances of recruitment.

Wetland habitats were inundated to increase ecosystem productivity and provide food
resources (algae, zooplankton) into the river system to support fish growth and survival.

In the Lachlan system,

O

Despite limited water availability, environmental water was used to maintain access to
high quality habitat (snags, undercut banks) during the winter operational baseflow
period. These habitats are important nesting sites.

Spring freshes and baseflows supported spawningand recruitmentin small bodied
species, although larval abundance was relatively low.

Successive surveys observed survival and growth of larval Australian smeltand
flatheaded gudgeon (Philypnodon grandiceps), indicating suitable conditions were being
providedto allow these speciesto undergo recruitment.

In the Lower Murray system,

O

Winter pulse flows supported golden perch spawning, howeverthere was limited
evidence of recruitment.



o Inweirpools Commonwealth environmental water increased hydraulicdiversity by up to
50 percentthrough the creation of loticconditions. These conditions are critical forthe
rehabilitation of riverine biota.

o Increased variability in stream depth (0.1-0.8m) was created by Commonwealth
environmental water. Variability is known to increase productivity, a key component of
the foodwebs that supportfish.

e Inthe Murrumbidgee system,

o Wetlandinundation from environmental water delivery helped maintain critical refuge
habitats for floodplain specialists and prolonged the period of inundation. This benefited
speciesincluding including catfish in Coonancoocabil wetland.

o Wetlandinundationincreased primary production providingincreased food availability
for fishinthese productive floodplain wetland habitats. Thisin turn supports fish
condition.
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Table 2.2.1. Summary of observations and other information from monitored watering actions with expected outcomes for fishin 2016 —-17. Note that many of these
actions involved multiple water sources (in addition to Commonwealth environmental water). Additional information on the portfolio of environmental water can be found
inthe Basin Matter Hydrology report (Stewardson & Guarino 2018). Also note, that this table does not include monitoring of fishin LTIM Selected Areas that was not
directly linked to a Commonwealth environmental watering action.

Surface water | Commonwealth Dates! Flow Expected ecological outcome! Observed ecological outcome Influences Source of
region/asset environmental component information
water volume
(ML)
Edward 22,800 01/05/17- | Baseflow- | To contribute to connectivityand fish | Connectivity: facilitated move ment of Fishpopulations | Watts etal. (2018)
Wakool- 23/08/17 winter recruitment. silverperch. inrecoveryfrom
Yallakool Creek Recruitment: noresponsedetecteddue | hYPoXic
and Colligen to low fish abundance. blackwater events
Creek in 2016
Edward 15,000 07/09/17- | Small fresh| To contribute to connectivity, pre- Enabled movement of goldenandsilver | Spawningwas
Wakool- 22/10/17 and flow [spawningconditionof native fishand | perch,silverperch eggs detected, and influenced by
Yallakool and recession |earlyspawning. more smelt larvae caughtinregionsthat | increased
Colligen received freshes. No noticeable effecton| unregulated
Creeks, Niemur Murray cod movement, howeverthis inflows.
River mayhave been missed by monitoring.
Edward 18,523 03/01/18- | Small fresh| To encourage fish movement and assist | Enabled movement of goldenandsilver | Fishpopulations
Wakool- 29/01/18 | and flow |dispersaloflarvaeand juvenilesoffish | perch adults. No detectable effect on inrecoveryfrom
Yallakool and recession |species. adultabundance, adult population is still [ hypoxic
Colligen recovering fromblackwater. blackwater events
Creeks, Niemur in 2016
River
Edward 16,000 28/03/18 - | Small fresh| To encourage fish movementand
Wakool- 01/05/18 dispersalof juveniles of a number of
Yallakool Creek fishspecies.
and Colligen
Creek
Goulburn- 85,437 22/06/17 - | Baseflow | Contribute to baseflows to maintain The abundance of numerous species Dry year. Webb etal. (2018)
Murchinson/M 2/07/17 waterqualityand provide suitable (Murraycod, silverperch, MurrayRiver | |10 rvalley
cCoys habitatand food resourcesfornative | F@inbowfish (Melanotaenia fluviatilis), transfers
fish and macroinvertebrates and to Australiansmelt, carp gudgeon,common | |y enced

waterbankvegetation.

carp andeasterngambusia (Gambusia

sampling time.
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Surface water | Commonwealth Dates? Flow Expected ecological outcome! Observed ecological outcome Influences Source of
region/asset environmental component information
water volume
(ML)
holbrooki)) in the annual electrofishing /
netting surveys was reducedin 2018,
possibly because of reduced sampling
efficiency associated with elevated flows
due to inter-valley-transfers throughout
autumn 2018.
Goulburn— 3,487 08/10/17- | Baseflow | Contributeto alate winterfresh to Golden perch undertook long-distance
Murchinson/M 19/11/17 achieve pre-spawningmigration and | Movements coinciding witha spring
cCoys increase food availabilityand fish ‘fresh” environmental flowrelease in
condition prior to the Nov/Dec fish early October 2017.
spawningflow.
Goulburn- 11,543 16/11/17- Fresh Contribute to short-duration freshes | 0ldenperch undertook long-distance
lower 30/11/201 during Nov-Decto stimulate breeding | MOvements coinciding witha spring
7 of native fish (flow cued s pawners), ‘fresh’ environmental flowreleaseinlate
particularlygolden perch. November2017.
Goulburn— 852 27/11/17- | Baseflow | Contribute to baseflows to maintain The abundance of numerous species
Murchinson/M 05/12/17 waterqualityand provide suitable (Murraycod, silver perch, Murray River
cCoys habitat and food resourcesfornative | fainbowfish, Australian smelt, carp
fishand macroinvertebrate and to gudgeon, commoncarp and eastern
waterbankvegetation. gambusia)inthe annual electrofishing/
netting surveys was reducedin 2018,
Goulburn— 49,989 22/06/18- Fresh To facilitate fish migration. possibly because of reduced sampling
Murchinson/M 30/06/18 Contribute to baseflows to maintain | efficiencyassociated with elevated flows
cCoys water qualityand provide suitable due to inter-valley-transfers throughout
habitatandfoodresourcesfornative |autumn2018.
fishand macroinvertebrate and to
waterbankvegetation.
Gwydir- 7,000 26/08/17 - Fresh To improve movement, breedingand | Significant movement of Murraycodand | gytreme lowflow, | Southwell et al.
04/09/17 recruitment activity of fish, particularly | freshwater catfishwithin and between wateringactions | (2018)

GwydirRiver,
CaroleCreek,
lower Gwydir
River, Mehi
Riverand

freshwater catfish.

the Gwydirand Mehi channels.
Small-scale fishrecruitment was
observed duringfish diversity samplingin
thesesystemsin 2017-18, however,

contribute to
population
maintenance not
improvement.
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Surface water | Commonwealth Dates? Flow Expected ecological outcome! Observed ecological outcome Influences Source of
region/asset environmental component information
water volume
(ML)
Gingham recruitment could not be s pecifically
watercourse relatedto this flow event.
Gwydir- lower 1,351 19/12/17- Infllow [Supportthesurvival of floraandfauna, [ Notableincreasesin wetlandinundation.
Gwydir 03/01/18 ecosystem diversity and resilience of Inundatedthe lower Gwydirwetland to
wetlands and Gingham andlower Gwydir wetlands. |the greatest extent overthe 2017-18
Gingham wateryear (119 ha).
Watercourse
Gwydir-Crole 5,000 04/04/17 - | Baseflow |Toimprove tributaryconditions to This flow improved water quality, in
Creek, Mehi 25/06/17 maintain native fish populations particular dissolved oxygen
River, Northem concentrations within the Gwydirand
Connectivity Mehi channels.
event
Lachlan- mid 31,151 23/09/17- | Fresh, Base | TO inundate areas oftheriverchannel | by 4ro|ogical success ininundating Flow variability Dyeretal. (2018)
LachlanRiver, 13/11/17 flow containinglarge woody habitat (snags) | mportant habitat. The presence of some | masking
lower Lachlan which is the preferred spawning young individuals in samples suggest responses. Very
River habitatfornestingnativefishsuchas | rocryitment andsurvivaloccurring but little
Murray cod, river blackfishand insufficient data to reporton. environmental
freshwater catfish. wateravailablein
Avoid rapid drops inwater level from this year
late September to early December to
prevent nestabandonment by native
fish.
Lowerlachlan 1,665 22/05/18 - Fresh To create and maintainrefugiaasthe [Hydrological successininundating Flow variability
River, main 02/06/17 LachlanRiver enters the winter important habitat andimproving water masking

channelbelow
Lake Brewster
terminatingin
Great
Cumbung
Swamp

operationalbase (low) flow period.

To flush fine sediment and organic
material fromtheriverbed, encourage
mixing, improve water quality, and
increase available habitat for water
bugs andfishspecies.

quality.

Increasesin mean length oflarval fish
captures were observed persamplingtrip
for Australian smelt and flatheaded
gudgeon indicating that conditions
during early development of these
specieswere suitable forsurvival and
growth.

responses. Very
little
environmental
wateravailablein
this year
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Surface water | Commonwealth Dates? Flow Expected ecological outcome! Observed ecological outcome Influences Source of
region/asset environmental component information
water volume
(ML)
To provide a rise in flow (increased
river height) to cover benches in the
river channel, creating more food,
access to more habitats and better
breedingopportunitiesfor fish.
Lower Murray 894,000 01/07/201 | In channel Increased flow (nominally >15,000 Deliveryof CEW to the lower River Without Ye etal. (2018)
—Channelof 7-01/06/18 | pulse flows ML/d) in spring-summer will promote | Murrayin 2017-18 coincided with golden| «pvironmental
LMR, Lower the spawningandrecruitment (to perch spawning, but no detectable water, flow would
Lakesand young-of-year, YOY). recruitment of golden perch (toyoung- have been at
Coorong of-year, age 0+). Verylow abundance of | o titlement for
Multiple years of enhanced s pring— lanae. the year.
summer flowwill increase the
resilience of golden perch and silver
perch populationsinthe LMR.
Murrumbidgee 159,283 24/07/17 -| Wetland |[Supportreproduction andimproved The diversity of native wetland fish Wassens etal.
wetlands 01/09/17 |inundation | conditionvegetation, waterbirds, declinedin2017-18 compared with (2018)

reconnection

native fishandotherbiota.

previous monitoring years, with two
fewer native species (silver perchand
unspecked hardyhead (Craterocephalus

stercusmuscarum fulvus)) than 2016-17.

More abundant species are spawning,
growingand recruitinginwetland
habitats. For most species, the data
suggestasingle spawningeventearlyin
the year, with increasing size classes on
subsequent sampling trips. Some
exceptionsinclude both commoncarp
and goldfish, which appeared to have
spawned between Septemberand
November.
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Surface water

Commonwealth

Dates!

occupationintarget wetlands and may
have created opportunitiesforresident
fishto leave the floodplain wetlands and
return to the river.

The diversity of native wetland fish
declinedin2017-18 compared with
previous monitoring years, with two
fewer native species (silver perchand
unspecked hardyhead) than2016-17.

Flow Expected ecological outcome! Observed ecological outcome Influences Source of
region/asset environmental component information
water volume
(ML)
Murrumbidgee 326 04/07/17- | Wetland Supportthe habitat requirements of The mid-Murrumbidgee wetland Wassens et al.
—Yarradda 01/08/17 |inundation waterbirds, native fishand other reconnection and associated pumping (2018)
Lagoon aquaticanimals. actions prolongingthe period of fish
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Surface water | Commonwealth Dates? Flow Expected ecological outcome! Observed ecological outcome Influences Source of
region/asset environmental component information
water volume
(ML)?
Murrumbidgee 620 28/12/17- | Wetland Maintain critical refuge habitat fora The overall wetland fish communities Southwell et al.
Riverand 02/01/18 |inundation|range of native fish, waterbirds frogs across the Murrumbidgee remain in poor (2018)
Floodplain and turtles. Oak Creek and conditionandare dominated by highly
Creek Coonancoocabil have beenfoundto abundant opportunistic generalist
contain arelatively high diversity of specieswhile more sensitive floodplain
native fish compared to other wetlands | s pecialist species, such as Murray
in the mid-Murrumbidgee, including hardyhead (Craterocephalus fluviatilis)
catfishin Coonancoocabil, whichare are typicallyabsent.
rare in the Murrumbidgee River. The diversity of native wetland fish
declinedin2017-18 compared with
B - - previous monitoring years, with two
E/I(l;;r(t:rrzbldlgee 1,426 1381/07/17- AWetIar?d SupporFthe hapltatlreqwrementsof fewer native s pecies (silver perchand
goo /07/17 |inundation| Waterbirds, native fishand other unspecked hardyhead) than 2016-17.
pumping aquaticanimals.
Murrumbidgee 600 09/04/18- | Wetland |Targetingwetland vegetationand
~Tuckerbill 16/04/18 |inundation habitat for native fish, frogs, turtles and
Swamp waterbirds, induding supporting

signifiant waterbird breeding events
to completion
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3 Summary of Basin scale activities

3.1 Summary

The 2017-18 fish Basin Matters report isan important milestone in data quality and assurance of
all fouryears of available dataacross all Selected Areas, before undertaking detailed modelling of
the effect of flows on fish responses across the Basin forthe Year 5 report.

A significant challenge forthe Fish Basin Matters project team has been toresolve data quality
assurance and control issuesin the main database. More specifically activities have included:

- Holding meetings with Selected Areafish leads

- Understanding experimental design limitations thatimpact on both Year 4 and Year5
reporting (e.g. method standardisation, reporting of zero catches)

- Undertaking detailed summaries of preliminary Basin Matters data

- Presentingpreliminary Basin Matters datato Selected Areafish leads fortheir review

- Liaisingwith Selected Areafish leads to resolve dataissues

- Resolving missing, multiple and other obvious erroneous data entries (e.g. outliersin
standardised catch)

We have made significant progress inimproving the quality of the fish LTIM data, and we now
have greater confidence in ourreporting and future analyses.

We will also be working with Selected Areas to report fish catches for Basin Matters level
reporting atthe replicate level (i.e. catch of individuals per sampling effort (electrofishing shot or
fyke net), notas is currently reported as a mean standardised CPUE across sampling effort). This
will ensure that all data are beingtreatedin astandardised manneratthe Basin Scale.

Thisreportis the firsttime we have had a clean data setto explore patterns across Selected Areas
and can explore fish outcomes across years ratherthan focussing on a single year. This reflects a
significant stepin reachingthe final objectives of the Fish Basin Matterin Year 5.
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4

4.1

Summary of 2015-2018 fish data at the Basin scale

Summary

Summary of Key Findings from 2015-2018 fish data at Basin Scale.

Fish diversity and occurrence

13 native and four introduced fish species have been detected in the first fouryears of
sampling of LTIM across all Selected Areas. The highest diversity of native species was found
inthe Lower Murray RiverSelected Area, where 11 of the 13 native species expected were
detected.

Murray cod, golden perch, carp gudgeons, common carp and goldfish weredetected in each
Selected Areaannually, indicating a maintenance of those populations through time.

The 2016-17 high flow yearwas associated with both positive and negative trendsin fish
populations. For example, Murray cod abundance declined in Edward-Wakool River System,
Murrumbidgee River, Lachlan Riverand GwydirRiver Selected Areasin 2017. This highlights
the susceptibility of large-bodied native species (particularly Murray cod) to fish kills
associated with blackwater events. Conversely, abundances of some small bodied fishes were
eitheronly marginally affected orincreased afterthe 2016—17 high flow year.

Common carp was the mostabundant large-bodied introduced species captured across all
Selected Areas. The abundance of common carp increased in five of the six catchments
(Gwydir River System beingthe exception) afterthe 2016—17 high flow year, butthen
decreasedinfollowing 2018 sampling event. Thisis likely due to anincrease in juvenile carp
(recruitment) during the high flow year, and also highlights their relative less susceptibility to
the effects of blackwater.

Fish assemblage dynamics

Fish assemblages differed among Selected Areas, with the largest differences between the
Lower Murray and Murrumbidgee, Lachlan and the Lower Murray, the Edward-Wakool and
Murrumbidgee. The greatest differencesin fish assemblage across sampling events occurred
between Year1 (2015) and Year 4 (2018) sampling events. This highlights the importance of
the flood year (2016) for re-shapingthe fish assemblage.

The greatest abundance of all fish across all Selected Areas was in the Lower Murray River,
havingthe highest CPUE of both large-bodied and small-bodied species.

Carp gudgeons were the most common species collected in Selected Areas, ranging from 95
percentinthe Edward-Wakool River System to ~20 percentinthe Goulburn River.

Fish spawning outcomes

Larvae from 15 native species and fourintroduced species were collected across all Selected
Areas. Larvae of carp gudgeons, Murray cod, Australian smelt and common carp were the
most commonly collected species.

Detection of spawning and spawning intensity varied among Selected Areaand sampling
times. Forexample, golden perch spawning was detected in only three Selected Areas and
intensity varied considerably overthe years and sampling periods. In contrast, Murray cod
spawning was detected in most years across most Selected Areas. Butdid not occur during
the 201617 high flow yearin the Edward-Wakool River System or Lachlan River.

2017-18 Basin-scale evaluation of Commonwealth environmental water —Fish
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e Common carp were detected spawningin all years and at all five Selected Areas, with
spawningintensity increasing substantially during the 2016—17 high flow year at Edward-
Wakool River System, Lachlan River System and the Murrumbidgee River.

Fish population dynamics

e Little or norecruitment of Murray cod occurred after the 2016—17 high flow yearin the
Edward-Wakool and Lachlan Rivers, presumably a result of blackwater associated fish kills.
Whilst overall numbers of Murray cod continued to be low in 2018 sampling event, there was
evidence of some recruitment atthese two Selected Areas.

e Littletono recruitment of golden perch occurred in most Selected Areas across the first four
years of LTIM. This is despite golden perch spawning being detected in three Selected Areas
(Goulburn River, Lower Murray Riverand the Murrumbidgee River). Reasons for this
recruitmentfailureis currently unknown but may be due to the predominantly lowwater
conditions.

e large recruitment pulses of common carp were evident from the 2016—17 high flow yearin all
Selected Areas. This was strongestin the Lachlan River System (30X increase), however, these
young-of-year carp were not present as a distinct cohortin 2017-18, suggestingthatthey
eitherdid not survive ormoved out of the sampling area.

Individualfish body condition

e Improvedfish body condition for was evident from the 2016—17 high flow yearfor:

- Murray cod in Edward-Wakool River System, Lachlan River System and Lower Murray River
- Golden perchin mostSelected Areas (except the Gwydir River System).
- Common carp inall Selected Areas (except Gwydir River System).

e In many casesthis increased body condition also continued into 2017-18.

2017-18 Basin-scale evaluation of Commonwealth environmental water —Fish 16



4.2 Fish diversity and occurrence

This section describes the occurrence and diversity of fish species that were encountered
during the first four years of monitoring across the six Selected Areas where annual
sampling of category one (Cat 1) methods took place. Herein we list the species that were
encountered, their origin as either a native species of the Murray—Darling Basin (MDB) or
one that has been introduced to the MDB. Species have been grouped into large-bodied
species (e.g. Murray cod or small-bodied (e.g. carp gudgeon), each of which have been
sampled using boat or backpack electrofishing for large-bodied and fine mesh (2mm) fyke
netting for small-bodied fishes (see Hale et al. 2014).

The ‘catch’ of each species using one of these two methods has been made comparable
between Selected Areas and catch methods (electro-fishing to fyke-netting) by calculating
the ‘catch per unit effort’ (CPUE). The CPUE accounts for the effort of the sampling method
by measuring the ‘effort’ of the method, for electrofishing this is the number of fishing
seconds and fyke nets this was the duration the net was submerged. CPUE allows the
comparison of individual densities between species and among the same species from
different Selected Areas.

We evaluate the detection (presence and absence) of fish species across Selected Areas and
within each year of the first four years of monitoring. Additionally, we describe changes to
the diversity of species across years and the proportion of native to introduced species for
large-bodied and small-bodied fish collected. Finally, we presented how densities of
individual species changed between flow years in each catchment.

Summary of main findings for diversity and occurrence

e 13 native and four introduced fish species have been detected in the first four years of
sampling of LTIM across all Selected Areas.

e The highest diversity of native species was found in the Lower Murray River Selected
Area, where 11 of the 13 native species were detected.

e Murray cod, golden perch, carp gudgeons, common carp and goldfish were detected in
each Selected Area annually. The occurrence of all other species varied with both time
and Selected Area.

e The 2016-17 high flow year was associated with both positive and negative trends in
fish populations. A common trend across Selected Areas was a decline in the abundance
of some large-bodied and small-bodied native species at the 2017 sampling event (post
high flows, blackwater events and associated fish kills in several Selected Areas).
Although increased abundances were observed for some species such as Australian
smelt in some Selected Areas.

e Common carp was the most abundant large-bodied introduced species captured across
all Selected Areas. In five of the six catchments (Gwydir River System being the
exception), common carp had their highest CPUE in the 2017 sampling year, but then
decreased in the 2018 sampling event.
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Table 4.2.2 Fish species encountered as adults in surveys using Category 1 methodology across all Selected
Areas. The species name of a taxa is shown with its common name, origin, and body size.

Species Name |Common Name Origin Body Size

Bidyanus bidyanus silver perch Native Large-Bodied
Carassius auratus goldfish Introduced Large-Bodied
Craterocephalus stercusmuscarum fulvus  unspecked hardyhead Native Small-Bodied
Cyprinus carpio common carp Introduced Large-Bodied
Gambusia holbrooki eastern gambusia Introduced Small-Bodied
Hypseleotris spp carp gudgeon Native Small-Bodied
Leiopotherapon unicolor spangled perch Native Large-Bodied
Maccullochella macquariensis trout cod Native Large-Bodied
Maccullochella peelii Murray cod Native Large-Bodied
Macquaria ambigua golden perch Native Large-Bodied
Melanotaenia fluviatilis Murray River rainbowfish Native Small-Bodied
Nematalosa erebi bony herring Native Large-Bodied
Perca fluviatilis redfin perch Introduced Large-Bodied
Philypnodon grandiceps flathead gudgeon Native Small-Bodied
Philypnodon macrostomus dwarf flathead gudgeon Native Small-Bodied
Retropinna semoni Australian smelt Native Small-Bodied
Tandanus tandanus freshwater catfish Native Large-Bodied

During the first four years of the LTIM program across all Selected Areas, standardised
sampling detected 13 native (seven large-bodied, six small-bodied) and four introduced fish
species (three large-bodied, one small-bodied) (Table 4.2.1).
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Figure 4.2.1. Fish species occurrence at each Selected Area. The detection of a species using both
electrofishing for large-bodied and fyke netting for small-bodied species shows if a species was absent
(white) or present (grey) within any sample from the Selected Area.

Murray cod, golden perch, carp gudgeons, bony herring, Australian smelt, common carp,
goldfish and eastern gambusia were present in all Selected Areas (Figure 4.2.1). Three
species were unique to a single Selected Area, showing limited distribution of those species
(spangled perch (Gwydir River), trout cod (Goulburn River), dwarf flathead gudgeon (Lower
Murray River).

The highest diversity of native species was found in the Lower Murray River, where 11 of
the 13 native species were detected.
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Figure 4.2.2. Fish species occurrence at each Selected Area across years of sampling 2015-2018.The
detection of a species using electrofishing for large-bodied and fyke netting for small-bodied species shows
if a species was absent (white) or present (grey) within any sample from each year within a Selected Area.

There were no visible generalisable trends for individual species detection within a Selected
Area across years (Figure 4.2.2). However, the focal species (Murray cod, golden perch, carp
gudgeons) and common carp and goldfish were detected in each Selected Area annually.
Bony herring and eastern gambusia were recorded in all years and Selected Area
combinations except in 2015 for the Goulburn River. Conversely, the presence of trout cod,
which was only detected inthe Goulburn River, only appeared in 2015 and 2016 sampling
events. Similarly, dwarf flathead gudgeon was not recorded in 2017 in the Lower Murray
was recorded in other years.

Redfin perch were detected only in 2015 in the Lower Murray River, and were then
detected after the 2016—17 high flow year in four Selected Areas (Lower Murray River,
Goulburn River, Murrumbidgee River and Lachlan River System).
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Figure 4.2.3. Mean CPUE (+1SE) of large-bodied native fish species at each Selected Area across years of
sampling 2015-2018.

The abundance (catch per unit effort, CPUE) of large-bodied native species was variable
between Selected Areas. However, the 2016-17 high flow year was associated with both
positive and negative trends in fish populations (Figure 4.2.3).

A common trend across Selected Areas was a decline in the abundance of some large-
bodied native species at the 2017 sampling event (post high flows, blackwater events and
associated fish kills in several Selected Areas). For example, Murray cod abundance declined
in Edward-Wakool River System, Murrumbidgee River, Lachlan River and Gwydir River
Selected Areas in 2017.

Exceptions to this were, increases in abundance in 2017 of silver perch in the Goulburn
River, and spangled perch and freshwater catfish in the Gwydir River System.
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Figure 4.2.4. Mean abundance (+1SE) of small-bodied native fish species at each Selected Area across years
of sampling 2015-2018.

As with the large-bodied native species, small-bodied native species trended towards
decreases in abundance from the 2016 to 2017 sampling events (Figure 4.2.4). Again, this
was not uniform and some catchments (Goulburn River) had increases in the catch of some
species across this period (Australian smelt and Murray River rainbowfish).
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Figure 4.2.5. Mean abundance (*1SE) of introduced fish species at each Selected Area across years of
sampling 2015-2018. Eastern gambusia were collected using fine-mesh fyke nets, while common carp,
goldfish and redfin perch were collected using boat and backpack electrofishing. Note: y-axis scales differ
between species.

Common carp was the most abundant large-bodied introduced species captured across all
Selected Areas (Figure 4.2.5). In five of the six catchments (Gwydir River System being the
exception), common carp had their highest CPUE in the 2017 sampling year, but then
decreased in the 2018 sampling event.

Abundance of eastern gambusia were at their highest CPUE during the 2017 sampling event
on the Goulburn River. In the Lower Murray River, Edward-Wakool River System and
Lachlan River System, abundances of goldfish steadily increased from 2015-2017 then
decreased to approximately 2015 abundances. Responses in other Selected Areas were
variable and non-uniform. Redfin perch presence was highly variable, and they were not
caught in the Edward-Wakool River System or the Gwydir River.
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4.3 Assemblage dynamics

Fish assemblage (sometimes also referred to as the fish community) refers to the diversity
and abundance of species in a given location or time. In LTIM, differences infish
assemblages could be expected among Selected Areas or across years and could reflect
significant environmental differences or changes.

To analyse differences in fish assemblages across Selected Areas and across the first four
years of LTIM monitoring, data was collected and organised into a multivariate dataset,
where the abundance of each species is recorded for each sample. This is then analysed
using a statistical technique called non-metric dimensional scaling. This is a visual technique
to observe similarity or differences between assemblages and a statistical test
(permutational analysis of variance) is used to test for differences among designated factors
(in our case Selected Area and Year).

Additionally, simple bar plots showing the mean CPUE and percentage composition bar
plots for each species were conducted to view the species diversity and proportion of each
species.

It should also be noted, that other environmental factors are likely to influence the
assemblage, independent of the Selected Area or year in which they were collected (e.g.
flow, temperature, dissolved oxygen, etc.). This requires a more extensive statistical analysis
that will conducted and presented in the Year 5 report.

Summary of main findings for fish assemblage dynamics

e Fishassemblages differed among Selected Areas, particularly between the Lower
Murray River and the Murrumbidgee River, the Lachlan River System and the Lower
Murray River, and the Edward-Wakool River System and the Murrumbidgee River
Selected Areas. The greatest assemblage differences in time occurred between Year1
(2015) and Year 4 (2018) sampling events.

e Fishassemblages varied among year within most Selected Areas, for example in the
Edward-Wakool River System and Goulburn River System before and after the 2016-17
flow year.

e The highest mean abundances for total fish across all Selected Areas was found in the
Lower Murray River, having the highest CPUE of both large-bodied and small-bodied
species from any Selected Area.

e Carp gudgeons were the most common species collected in Selected Areas, ranging from
95 percent in the Edward-Wakool River System to ~20 percent in the Goulburn River.
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Figure 4.3.1. Ordination plot (hMDS) exploring similarities or differences among fish assemblages across
Selected Areas. Analysis uses log(x+1) transformed data from standardised electrofishing and fyke net
catches.

Non-Metric Dimensional Scaling (nMDS) was used to visually inspect how similar fish
assemblages are among Selected Areas and years. Where points are close together within
this space (e.g. the Lower Murray River or Lachlan River System, Fig. 4.3.1) assemblages are
more similar, and points that are further spread (e.g. Gwydir River System) assemblages are
less similar.

Selected Area (f-stat = 23.86, P =0.001; Table 4.3.1) and year (f-stat=9.45, P = 0.001) were
both significant descriptors of differences in the sampled fish assemblages. Fish
assemblages were the most different between the Lower Murray River and the
Murrumbidgee River (f-stat=70.67, P = 0.015), the Lachlan River System and the Lower
Murray River (f-stat=43.05, P = 0.015), and the Edward-Wakool River System and the
Murrumbidgee River (f-stat=42.46, P = 0.015) Selected Areas.

A comparison of years showed that the largest time period between sampling events (2015—
2018) had the largest significant differences in assemblages (f-stat=6.07, P = 0.006),
followed by significant differences in the communities from 2016 vs 2018 (f-stat=3.79, P =
0.018) and those from 2015 vs 2017 (f-stat=3.23, P = 0.036).

While the main effects of differences between years is informative, the interaction between
year and Selected Area shows more varied differences in fish communities between years at
the Selected Area level.
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Table 4.3.1. Summary statistics (PERMANOVA) for fish assemblage differences among Selected Areas and
sampling year.

Factor Level Comparison F-Statistic  P-val (adjusted)
SelectedArea 23.85978079 0.001
Edward-Wakool River System vs Goulburn River 25.21183057 0.015
Edward-Wakool River System vs Gwydir River System 22.23357991 0.015
Edward-Wakool River System vs Lachlan River System = 32.97146811 0.015
Edward-Wakool River System vs Lower Murray River 24.38981379 0.015
Edward-Wakool River System vs Murrumbidgee River = 42.45939888 0.015
Goulburn River vs Gwydir River System 4.638973131 0.015
Goulburn River vs Lachlan River System 12.22738789 0.015
Goulburn River vs Lower Murray River 38.27019191 0.015
Goulburn River vs Murrumbidgee River 10.68526501 0.015
Gwydir River System vs Lachlan River System 15.39555201 0.015
Gwydir River System vs Lower Murray River 24.46893316 0.015
Gwydir River System vs Murrumbidgee River 13.04076393 0.015
Lachlan River System vs Lower Murray River 43.05254893 0.015
Lachlan River System vs Murrumbidgee River 9.116375007 0.015
Lower Murray River vs Murrumbidgee River 70.67262809 0.015
year 9.445055663 0.001
2015vs 2016 1.402817013 1
2015vs 2017 3.232326773 0.036
2015 vs 2018 6.0713731 0.006
2016 vs 2017 1.778505213 0.558
2016vs 2018 3.787123997 0.018
2017 vs 2018 3.221005671 0.102

A second PERMANOVA was completed to determine the significance of years within a
Selected Area (Table 4.3.1). This showed that fish assemblages varied significantly among
years for most Selected Areas, exceptions were the Gwydir River (f-stat=1.28, P =0.236)
and Lower Murray River (f-stat = 0.32, P = 0.839). This highlights that fish assemblages from
these two Selected Areas were more consistent among years than other Selected Areas
(Figure 4.3.1) and is represented well when visually inspecting the nMDS plots. Differences
between specific years were significant, however, between 2015 vs 2016 (f-stat=3.88, P =
0.024 Table 4.3.1) and 2015 vs 2017 (f-stat=2.50, P =0.006) in the Gwydir River and 2016
vs 2017 (f-stat=9.36, P =0.012) and 2017 vs 2018 (f-stat = 8.60, P = 0.006) in the Lower
Murray River.

The Edward-Wakool River only showed significant differences in assemblage between the
2016 vs 2018 years (f-stat=5.59, P = 0.036). The Goulburn River showed a change in the fish
assemblage mostly between years before and after 2017 (2015 vs 2018, 2016 vs 2017, 2016
vs 2018; Table 4.3.2).
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Figure 4.3.2. Ordination (nMDS) of exploring similarities or differences of fish assemblages for each Selected
Area across sampling years.

The Lachlan River System had close grouping of samples from each year (Figure 4.3.2),
indicating there was low variability between fish assemblages across sites. Significant
differences were generally found between nonconsecutive years in the Lachlan River
System (Table 4.3.2), although also there was also a significant difference between 2017 and
2018 (f-stat=9.02, P = 0.006). In the Murrumbidgee River significant differences in fish
assemblages were found between 2015 and all other years of sampling.
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Table 4.3.2. Summary statistics (PERMANOVA) for fish assemblage differences for each Selected Area among

sampling years.

Model (Selected Area)

Level Comparison F-Statistic

P-val (adjusted)

Edwards-Wakool River System

Goulburn River

Gwydir River System

Lachlan River System

Lower Murray River

Murrumbidgee River

Year

2015vs 2016
2015vs 2017
2015vs 2018
2016 vs 2017
2016 vs 2018
2017 vs 2018
Year

2015 vs 2016
2015vs 2017
2015vs 2018
2016 vs 2017
2016 vs 2018
2017 vs 2018
Year

2015vs 2016
2015vs 2017
2015vs 2018
2016 vs 2017
2016 vs 2018
2017 vs 2018
Year

2015vs 2016
2015vs 2017
2015vs 2018
2016 vs 2017
2016 vs 2018
2017 vs 2018
Year

2015 vs 2016
2015vs 2017
2015vs 2018
2016 vs 2017
2016 vs 2018
2017 vs 2018
Year

2015vs 2016
2015vs 2017
2015vs 2018
2016 vs 2017
2016 vs 2018
2017 vs 2018

3.902631449
0.672565974
1.121203974
3.247900695
1.868142061
5.585135406
1.008356792
10.52393498
3.277635595
2.500535659
9.246901329
7.431137336
27.37088743
2.736049196
1.277428117
3.87645182
4.45347029
1.381787079
3.941460085
2.555141791
4.648226121
16.36862846
2.472408423
11.56324805
17.35313541
3.15850889
8.60218992
9.01706984
0.320200223
1.600573711
3.263707499
1.210728949
9.83670098
0.423378326
8.024211801
5.360755659
7.176071348
9.821394309
7.279041722
2.8609238
1.035550423
3.560508219

0.014
1
1
0.378

0.036

0.001
0.078
0.198
0.006
0.006
0.006
0.102
0.236
0.024
0.006

0.054
0.324
0.024
0.001
0.306
0.006
0.006
0.114
0.006
0.006
0.839

0.174

0.012

0.006
0.002
0.006
0.006
0.006
0.216

0.12

2017-18 Basin-scale evaluation of Commonwealth environmental water —Fish

28



Large-bodied

bony
herring

common

carp
0.2

freshwater
catfish

golden
perch
0 . goldfish
. Murray cod
redfin
perch
silver
perch
spangled

trout cod

Mean log(CPUE+1)
palpog-afien

0.04

Small-bodied
species

Australian
smelt

carp
gudgeon
dwarf
flathead
gudgeon

]
L

eastern

gambusia

flathead

gudgeon
Murray
River
rainbowfish
unspecked
hardyhead

T G‘ E

iy, g,
J o,
™ R, Vaig,,

Mean log(CPUE+1)
palpog-|ews

"y
L

Ohgy Mgy, Lacy, Cioyy
°r iy, oy M, & i
.. _ Gee
g Ry, or 3}3{&‘ v Fsta o
21

SelectedArea

Figure 4.3.3. Abundance (mean log (CPUE+1)) of small and large bodied species by Selected Area. Note
different y-axis scales.

The highest mean abundances for total fish across all Selected Areas was found in the Lower
Murray River (Figure 4.3.3), having the highest CPUE of both large-bodied and small-bodied
species from any Selected Area. The next highest average CPUE of large-bodied species
were from the Lachlan River System and then the Gwydir River System. The next highest
mean CPUE for small-bodied species were encountered in the Gwydir River System and
Edward-Wakool Rivers System.
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Selected Area.

Carp gudgeons were the most common species collected. The highest percentage of large-
bodied species within a Selected Area was found in the Lachlan River System, with ~ 10
percent being bony herring (Figure 4.3.4). The Lachlan River System had the highest

percentage of common carp (approx. 4%). Carp gudgeons were generally the mo

st

dominant small-bodied species, ranging between approximately 95 percent of the
community inthe Edward-Wakool River System to approximately 20 percent of fishin the
Goulburn River (where the most dominant species was eastern gambusia (~ 65 percent)).
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4.4 Spawning outcomes

Spawning of both native and introduced species was measured by collecting eggs and fish
larvae using drift nets and light traps at five Selected Areas, during the known spawning
period (see Hale et al. 2014 for full description of methods).

Here we report the abundance of eggs and larvae for each species collected in each
sampling event from each Selected Area and across years.

Summary of main findings for spawning outcomes

e Larvae from 15 native species and four introduced species were collected across all
Selected Areas. Larvae of carp gudgeons, Murray cod, Australian smelt and common
carp were the most commonly collected species.

e Occurrence and density of eggs or larvae (spawning activity) varied among Selected Area
and sampling occasion (Section 4.4). For example, golden perch spawning was detected
in only three Selected Areas and intensity varied considerably over the years and
sampling periods. In contrast, Murray cod spawning was detected in most years across
the five Selected Areas, but notably did not occur during the 2016—17 high flow year in
the Edward-Wakool River System or Lachlan River. There was also no evidence of
spawning of Murray cod in 2017-18 in the Lower Murray River.

e Common carp were detected spawning in all years and at all five Selected Areas that
monitored spawning, however spawning intensity increased substantially in the 2016—
17 high flow year at Edward-Wakool River System, Lachlan River System and the
Murrumbidgee River Selected Areas.

e Further statistical analyses being conducted for the Year 5 report linking spawning
outcomes to flow variables will elucidate the influence of flow on fish spawning activity.
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Table 3.4.1. Total catch of all larval fish per species, across Selected Areas and sampling years, all methods combined. Note no larval collections occur in the Gwydir

Selected Area.

Common name

Edward-Wakool River System

Goulburn River

Lachlan River System

Lower Murray River

2014-15] 2015-16] 2016-17 2017-18

2014-15] 2015-16] 2016-17] 2017-18

2014-15] 2015-16] 2016-17] 2017-18] 2014-15] 2015-16] 2016-17] 2017-18

Australian smelt
Australian smelt eggs
bony herring

carp gudgeon spp.
cod spp.

commnon carp
eastern gambusia
flat-headed gudgeon
flat-headed gudgeon
spp.

freshwater catfish
golden perch

golden perch eggs
goldfish

gudgeon spp
hardyhead spp.
Murray cod

Murray River
rainbowfish

no Fish

obscure galaxias
oriental weatherloach
redfin perch

river blackfish

silver perch

291 81 e 231
0 0 0 0

0 0 6 7
2158 2554 11801 3154
0 0 0 0

0 5 1872 0

1 3 19 2
69 110 324 91
0 0 0 0

0 0 0 8

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0
1936 739 4 923
3 1 19 3

0 0 0 0

0 5 0 2

0 0 1 0

0 0 0 0

3 21 0 7

0 0 0 0

436

o O 0o S owWwo o

—
o
ra
=]

208 33 193
0 0 0
0 0 0

15 1 37
0 0 0
15 19 16
0 0 0
12 18 48
0 0 0
0 0 0
0 47 300
0 0 0
0 0 1
0 0 4
0 0 0

441 892 2007
1 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 34 37
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Table 4.4.2. Total catch of all larval fish per species in each method type, across Selected Areas and sampling years. Note Lower Murray Selected Area only used trawl
net sampling.

Edward-Wakool River System Goulburn River Lachlan River System Lower Murray River Murrumbidgee River
Method 2014-15 2015-16 2016-17 2017-18 2014-15 2015-16 2016-17 2017-18 2014-15 2015-16 2016-17 2017-18 2014-15 2015-16 2016-17 2017-18 2014-15 2015-16 2016-17 2017-18
Light trap 3138 3024 12665 3900 338 213 0 0 357 564 0 2777 0 0 0 0 1090 1535 1113 1468
Drift net 1328 501 1430 549 2844 479 1044 2658 179 577 985 448 0 0 0 0 1587 2724 1776 3181
Trawl net 0 0 0 0 0 0 0 0 0 0 0 0 15718 15663 2431 2675 0 0 0 0

Larvae from 15 native species and four introduced species were collected across all Selected Areas (Table 4.4.1). Larvae of carp gudgeons,
Murray cod, Australian smelt and common carp were the most commonly collected species.

Light traps captured the most larvae in the Edward-Wakool River System, while other Selected Areas were either comparable between
methods or had higher catches in drift nets (Table 4.5.2).

Total abundances of both light trap and drift net caught larvae increased substantially in the Edward-Wakool River System during the 2016-17
high flow period, but a similar pattern was not observed at other Selected Areas.
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Figure 4.4.1. Density of golden perch and silver perch larvae collected in drift nets or trawl nets across
Selected Areas and years. Note: Trawl nets only used in Lower Murray; no collection of these species in
Lachlan River; and note different y-axes scales.

Golden perch showed evidence of spawning in the Goulburn River, the Lower Murray River
and the Murrumbidgee River Selected Areas. The largest spawning intensity was seenin the
Goulburn River during the 2014—-15 sampling season while far lower abundances were seen
in other Selected Areas and years.

Silver perch showed evidence of spawning inthe Goulburn River and the Lower Murray
River (although only one individual collected), where the highest abundance was seenin the
2014-15 year in the Goulburn River.
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scales.

There was inconsistency across the Selected Areas ability to confidently identify between
larval Murray cod and trout cod, with some Selected Areas recording ‘Cod spp.” in systems
where both species are present and larval identification could be confirmed. Cod species
were detected spawning in all Selected Areas and within most years, however, sampling in
the Edward-Wakool River System and the Lachlan Riverin the 2016—17 sampling events
showed no evidence of spawning for cod species. Similarly, there was no evidence of
spawning in the Lower Murray River in the 2017-18 year of sampling. Highest densities
were found inthe Goulburn River in 2014-15 and 2017-18 and in the Murrumbidgee River

in 2016-17.
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captured in Goulburn or Lachlan Selected Areas; note different y-axes scales.

Bony herring spawning was detected in the Edward Wakool River System, Lower Murray
River and the Murrumbidgee River (Figure 4.4.3). Bony herring were present in the sampling
events that occurred in 2016—17 and 2017-18 while they spawned annually in the Lower
Murray River and were present in 2015—-16 and 2017-18 sampling events in the
Murrumbidgee River. Freshwater catfish only showed evidence of a significant spawning
event inthe 2017-18 year in the Edward-Wakool River System.
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Carp gudgeons were detected spawning in all Selected Areas and appeared in highest
abundance (approx. 750 individuals) in the Edward-Wakool River System during late
December in 2016-17 (Figure 4.4.4). This pattern of increased abundance was alsoseenin
the Murrumbidgee River though in the Goulburn River, Lachlan River and Lower Murray

River.
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Figure 4.4.5. Abundance of unspecked hardyhead, river blackfish and obscure galaxias larvae collected in
light traps. Note different y-axes scales.

Unspecked hardyhead) larvae were only collected using light traps in the Edward-Wakool
River where Low abundances were sampledin all years (Figure 4.4.5). River blackfish
(Gadopsis marmota) were only collected using light traps in the Edward-Wakool River,
however, there was no catch of river blackfish larvae in the 2016—-17 sampling events.
Obscure galaxias (Galaxias oliros) were only collected using light traps in the Edward-
Wakool River where low abundances were sampled inthe 2015-16 and 2017-18 years of
sampling.
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Figure 4.4.6. Abundance of flat-headed gudgeon species collected in light traps across Selected Areas and
years. Note not collected in Lower Murray and note different y-axes scales.

Flathead gudgeon species showed evidence of spawning across all Selected Areas, although
were only observed each year in the Edward-Wakool River System in light traps (Figure
4.4.6) and in the Goulburn River and Lower Murray River within drift nets and trawl
sampling respectively. Samples from the Lower Murray River showed a decrease in total
abundances from 2015-16 to 2016—17 sampling events (Figure 4.4.7). The highest total
abundance of larval flathead gudgeon species (approx. 1000 individuals) was found in drift
nets from the Lachlan River System inthe 2017-18 sampling events.
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Australian smelt were collected in both drift nets and trawl nets across all Selected Areas
and showed greatest intensity of spawning during the 2014-15 sampling events in the
Goulburn River (Figure 4.4.8). Significant spawning effort was also seen in the Lower Murray
River and the Lachlan River System inthe 2015-16 and 2017-18 sampling years
respectively. Spawning was observed inall years in the Lower Murray River and the
Goulburn River while spawning was more variable in other Selected Areas.
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Figure 4.4.9. Density of common carp larvae collected in drift nets or trawl nets across Selected Areas and
years. Note: trawl nets only used in Lower Murray and note different y-axes scales.

Common carp were detected spawning at all five Selected Areas, being collected in both
drift nets (Figure 4.4.9) and light traps (Figure 4.4.10). There was an increase of between 2
and 3 orders of magnitude in total abundance from the 2015-16 to the 2016—-17 sampling
events on the Edward-Wakool River System, Lachlan River System and the Murrumbidgee
River.
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Figure 4.4.10. Abundance of common carp larvae collected light traps across Selected Areas and years. Note
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Figure 4.4.11. Abundance of eastern gambusia larvae collected light traps across Selected Areas and years.
Note not collected in Goulburn or Lower Murray, note different y-axes scales.

Eastern gambusia were detected spawning at various times in the Edward-Wakool River
System, Lachlan River System, and Murrumbidgee River (Figure 4.4.11). The largest
spawning effort appeared to be on the Edward-Wakool River System during the 2016—-17
year followed closely by sampling in the Lachlan River System during the 2017-18 sampling
year. Eastern gambusia were only sampled in the Murrumbidgee River during the 2016-17
sampling events, not in any other year.

Other introduced species goldfish and redfin perch only showed minimal evidence of
spawning. During the 2017-18 year in the Goulburn River a single larval goldfish was
encountered during sampling. Redfin perch showed small evidence of spawning in the
Murrumbidgee River during 2014—-15 (two individuals collected Table 4.4.1).
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Densities of eggs from various species were encountered annually within samples from the
Murrumbidgee River and Lower Murray River, although, higher densities were generally
found in the Murrumbidgee River when comparing annual densities between Selected Areas
(Figure 4.4.12). The Murrumbidgee River Selected Area also has identified the eggs of
golden perch and silver perch separatelyin each year, in addition to eggs not allocated to
any species. While the catch of larval individuals for both golden and silver perch on the
Murrumbidgee River found very low densities of golden perch and no silver perch larvae
(Figure 4.4.1), this data suggests that spawning occurred annually in the Murrumbidgee
River for both species from late October to early December.
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4.5 Population dynamics

The majority of individual fish that were collected during LTIM standard monitoring were
also measured for total length (TL) or fork length (FL) and body weight before being
released back into the reach where it was caught.

These measures of length were used to generate length-frequency plots for each species
across Selected Area and year. Length-frequency plots are useful for investigating the
population dynamics (population change) as the abundance of individuals within a specific
length range are most likely to be a similar age. This allows us to investigate the progression
of a cohort of individuals through time as they grow, identify if a breeding event lead to
subsequent recruitment of individuals into the ‘adult’ population, and identify mortality
events ata population scale just by measuring their length.

Summary of main findings for population dynamics

e There was evidence of little or no recruitment of (presence of young-of-year) Murray
cod after the 2016—17 high flow year in the Edward-Wakool and Lachlan Rivers,
presumably a result of blackwater associated fish kills. Whilst overall numbers of Murray
cod continued to be low in 2018 sampling event, there was evidence of some
recruitment at these two Selected Areas.

e There is little to no evidence of recruitment of golden perch in most Selected Areas
across the first four years of LTIM. This is despite golden perch spawning being detected
in three Selected Areas (Goulburn River, Lower Murray River and the Murrumbidgee
River). Reasons for this recruitment failure is currently unknown.

e There was evidence of strong recruitment of bony herring and strong year classes across
all years and most Selected Areas (excluding the Goulburn River where only few bony
herring were captured).

e There were large pulses of recruitment of common carp evident from the 2016-17 high
flow year in all Selected Areas. This was strongest in the Lachlan River System, where
there was a near 30-fold increase in the abundance of common carp from 2015-16 to
2016-17. However, this massive influx of young-of-year carp were not present as a
distinct cohort in 2017-18, suggesting that they either did not survive or moved out of
the sampling area.
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Table 4.5.1. Number of individual records for total length (TL), fork length (FL) and weight (W) for all species across Selected Areas.

Edward-Wakool River System Goulburn River Gwydir River Syst Lachlan River System Lower Murray River Murrumbidgee River
Common name FL| TL| w FL| L W FL| TL| w FL| TL| W FL| L w FL| TL| w
Australian smelt 762 0 0 1 67 0 265 0 0 310 0 0 0 0 0 848 0 2
bony herring 365 0 327 29 0 24 2138 117 1439 13764 2648 15752 1520 0 467 1875 0 1529
carp gudgeon 0 3635 0 0 1025 0 0 1596 0 692 1167 0 0 4583 0 0 1407 0
common carp 1160 0 795 0 0 0 638 0 478 4341 1268 4313 1243 102 2 651 0 600
eastern gambusia 0 515 0 0 30 0 0 520 0 1740 1513 0 0 0 0 0 1138 0
flathead gudgeon 0 3 0 0 5 0 0 0 0 0 19 0 0 0 0 0 27 0
freshwater catfish 0 0 0 0 0 0 0 23 11 0 0 0 0 27 27 0 0 0
golden perch 0 325 325 30 223 246 0 92 91 136 610 741 0 706 705 0 149 147
goldfish 147 0 91 32 0 9 116 0 80 218 52 155 17 3 3 26 0 16
Murray cod 0 610 605 36 378 393 0 209 205 32 412 442 0 67 65 0 555 503
Murray River rainbowfish 2090 0 1 395 0 1 2031 0 0 0 0 0 0 1177 0 1107 0 0
redfin perch 0 0 0 1 0 1 0 0 0 7 0 3 2 1 0 1 0 1
silver perch 15 0 15 56 0 56 0 0 0 0 0 0 11 4 12 6 0 5
spangled perch 0 0 0 0 0 0 188 0 93 0 0 0 0 0 0 0 0 0
trout cod 0 0 0 0 5 5 0 0 0 0 0 0 0 0 0 0 0 0
unspecked hardyhead 1325 0 0 0 0 0 431 0 0 80 4 0 0 0 0 13 0 0
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Figure 4.5.1. Length-frequency plots of all measured Murray cod individuals across Selected Areas and

sampling years.

There was evidence of Murray cod recruitment (presence of young-of year age classes, TL
<150mm) in all Selected Areas in the first two sampling years (Figure 4.5.1), however this
pattern changed after the high flow year. Both adult and young-of-year individuals were
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either absent or substantially reduced in 2016—17 in several Selected Areas, including a total
absence of recruits in Edward-Wakool River System and Lachlan River.
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Figure 4.5.2. Length-frequency plots of all measured golden perch individuals across Selected Areas and

sampling years.
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There is little to no evidence of recruitment of golden perch in most Selected Areas across
the first four years of LTIM (the exception being a small number of individuals detected in
the Goulburn River in 2016) (Figure 4.5.2). Size distributions of golden perch from the
Edward Wakool River System, Lachlan River System, Lower Murray River and Murrumbidgee
River indicate an aging population (i.e. size is increasing between years, but not being
replaced by smaller size classes).
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Figure 4.5.3. Length-frequency plots of all measured bony herring individuals across Selected Areas and
sampling years. Note different y-axis scale on Lachlan River System Selected Area.

Bony herring length-frequency plots show evidence of strong recruiting size classes annually
in most Selected Areas (excluding the Goulburn River where only few bony herring were
captured) (Figure 4 .5.3). Populations of bony herring had highly variable abundances of
adults, though the largest breeding population was found in the Lachlan River during the
2016-17 sampling event.
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Figure 4.5.4. Length-frequency plots of all measured unspecked hardyhead individuals across Selected Areas

and sampling years.

Unspecked hardyhead were uncommon in most Selected Areas, though had large

populations in the Edward-Wakool River System and the Gwydir River System (Figure 4.5.4).
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Figure 4.5.5. Length-frequency plots of all measured carp gudgeon individuals across Selected Areas and
sampling years.

Carp gudgeons, while present in all Selected Areas, showed no consistent trends across
Selected Areas (Figure 4.5.5).
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Figure 4.5.6. Length-frequency plots of all measured Australian smelt individuals across Selected Areas and

sampling years.

Australian smelt were present in four of the six Selected Areas, but there were no consistent
trends between years or Selected Areas (Figure 4.5.6).
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Figure 4.5.7. Length-frequency plots of all measured common carp individuals across Selected Areas and
sampling years. Note no common carp were measured in the Goulburn River.

Common carp population structures are quite variable among Selected Areas (Figure 4.5.7).
There were large pulses of recruitment of common carp evident from the 2016—17 high flow
year in all Selected Areas. This was strongest in the Lachlan River System, where there was a
near 30-fold increase in the abundance of common carp from the 2015-16 to 2016-17
samples. Interestingly, these individuals appear not have survived in the system, as
abundances in 2017-18 were approximately 10 percent of the 2016—17 abundances.
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Figure 4.5.8. Length-frequency plots of all measured eastern gambusia individuals across Selected Areas and

sampling years.

Eastern gambusia were also present in all Selected Areas and showed no consistent trends

in their population dynamics (Figure 4.5.8). There was, however, a strong shift from the

2015-16 year to the 2016—17 year towards smallerindividuals in the length frequency
distribution, before shifting back towards a larger mean size 2017-18 sampling event.
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4.6 Individual fish body condition

The analysis of individual fish body condition is a standard fishery practice, where the
physical condition of individuals, cohorts or populations is assessed for their health or
physiological state.

Here we use standard metrics of individual body length relative to body weight, to report on
the condition of fish populations from Selected Areas across sampled years. The mean
normalised condition index used shows the spread of condition for a group of fish relative to
the average condition across all years and Selected Areas. Groups of fish with above mean
condition (mean Kn) weigh more ata given length, and are presumably healthier, compared
with groups with lower mean condition that are less healthy.

Summary of main findings

e Improved body condition for was evident from the 2016—-17 high flow year for:
- Murray cod in Edward-Wakool River System, Lachlan River System and Lower Murray
River
- Golden perch in most Selected Areas (except the Gwydir River System).
- Common carp inall Selected Areas (except Gwydir River System).

In many cases this increased body condition was also present in 2017-18 as well.
e Lower than average mean condition was recorded in 2016—17 for bony herring in

Edward-Wakool River System, Lachlan River, Lower Murray River and the Murrumbidgee
River.
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Figure 4.6.1. Mean normalised relative condition (Kn) (+1SE) of all measured Murray cod individuals from
each Selected Area across years. Number of individuals within years are shown above upper SE bar.

Higher mean condition for Murray cod was often found during 2016—17 high flow year and
was retained in some Selected Areas in 2017-18 (Figure 4.6.1).
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Figure 4.6.2. Mean normalised relative condition (Kn) (+1SE) each year for 0+ Murray cod individuals only
(<150mm length) from each Selected Area across years. Number of individuals within years are shown
above upper SE bar.

Young-of-year Murray cod (length <150mm) were in far lower abundances and no general
trends were clear (Figure 4.6.2). The first (2014—-15) and most recent (2017-18) years of
sampling were often the highest condition individuals within a Selected Area (Goulburn
River, Lachlan River, Murrumbidgee River), however this data requires further statistical
analysis to determine relationships between condition, Selected Area, flow or other
environmental factors.
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Figure 4.6.3. Mean normalised relative condition (Kn) (+1SE) of measured golden perch individuals from
each Selected Area across years. Note: individuals weighing <2g were removed from this analysis. Number
of individuals within years are shown above upper SE bar.

Golden perch had improved body condition in the 2016—17 the high flow year in most
Selected Areas (Gwydir River the exception) (Figure 4.6.3).
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Figure 4.6.4. Mean normalised relative condition (Kn) (+1SE) of measured bony herring individuals from each
Selected Area across years. Note: individuals weighing <2g were removed from this analysis. Number of
individuals within years are shown above upper SE bar.

Bony herring body condition was more variable than other species between years (0.96 < Kn
< 1.04; Figure 4.6.4). Notable changes to condition occurred at different times in each
catchment with large decreases in condition between 2014-15 and 2015-16 in the Edward-
Wakool River System, Gwydir River System, and Lachlan River System. Returning to a mean
condition or greater than average condition however had variable times across these
systems. Additionally, decreases in condition of bony herring were seenin the Lachlan River
System, Lower Murray River and Murrumbidgee River between 2015-16 and 2016—17. Body
condition increased againin the subsequent year in the Lachlan River System and the
Murrumbidgee River, however remained below average in the Lower Murray River System.
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Figure 4.6.5. Mean normalised relative condition (Kn) (+1SE) each year for measured common carp
individuals from each Selected Area across years. Note: individuals weighing <2g were removed from this
analysis. Number of individuals within years are shown above upper SE bar.

The lengths and weights of carp were not collected in all Selected Areas (absent from
Goulburn River and Lower Murray River Selected Areas).

There was variability of body condition of common carp both among Selected Areas and

years (Figure 4.6.5). The Edward-Wakool System, Lachlan River System and Murrumbidgee
River had low body condition during the 2014—-15 year. In the Edward-Wakool System and

Murrumbidgee River mean condition increased to a maximum in 2016—-17 and decreased
againin 2017-18 sampling. The Lachlan River, however, appears to have increasing
condition through the entire sampling period. Individuals from the Gwydir River had the
lowest mean condition in the 2016—17 year though this increased againin 2017-18.
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5

Next steps

The key objective of the final (Year 5) LTIM Fish Basin Matter report is to present analyses of
the effect of Commonwealth environmental water and, more broadly, river flows, on native
fish responses. This will occur by developing quantitative models linking observed fish
responses across all fish metrics (diversity and occurrence, assemblage dynamics, spawning
outcomes, population dynamics, individual condition) to all sources of flow regime
variability. This will then be used to test differences in fish outcomes using flow scenarios
that include/exclude Commonwealth environmental water.

The LTIM Fish Basin Matters report will aim to understand:

(i)

(ii)
(iii)

What is the influence of flow events and flow regimes across all Selected Areas, on:

- Spawning success of native flow-cued species?

- Recruitment strength of all native fish species?

- Population composition (structure and condition) of abundant native species?
- Native fish community structure and persistence?

Does CEWO water contribute to any flow linked response to these fish metrics?

Can any detected fish responses to flows be used predict fish response to
hypothesised flow events?

Specifically, our next activities will:

Establish fish metrics to be analysed

Establish hydrological metrics to be included in modelling

Establish ecologically based hypotheses linking fish metrics to hydrological metrics
Consider the inclusion of other non-flow metrics e.g. water temperature, standing
stock

Undertake preliminary analyses on available four years of data using different
modelling approaches to test their utility

Undertake final modelling and presentation of outcomes in Year5 report
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