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Executive summary

This report, commissioned by tHeepartment ofBiodiversity, Conservation and Attractions
(DBCA)describes the monitoring and evaluation of fish communitieBénbal Yirragan Djarlgarro
(Swvan Cannindestuary during 2021 and applies the Fish Community éxdFCI) thatvasdeveloped
as a measure of the ecological condition of #stuary. ThHs index separateversions of which were
developed forboth the shallow(< 1.5 m) nearshore waters of the estuary and also for its deeper
(>1.5 m) offshore waters, integrateinformation on various biological variables (metricgach of
these metricsquantifies anaspectof the structure and/or function othe fish communiy, and
together theyrespond to a range of stressors affecting the ecosystem.

Fish communities were sampled using differgyes ofnet at six nearshorand six offshore
sites in each of four management zones of the estuaB0E, Low&wan Canningstuary; CE, Canning
Estuary; MSE, Middle Swan Estuary; USE, Upper Swan Esiurémg summer and autumn of 280.
Asmany fish as possiblgerereturned to the water alive after they had been identified and counted.
The resulting data on the abundances of each fish species from each sample were used to @alculate
Fish Community Indexare (3;100). These index scores were then compared to established scoring
thresholds to determine ecological condition grad@gE) for each zonéndividuallyand for the
estuary as a whole, based on themposition of thefish community.

Nearshore Fish Communities

The nearshore waters of the estuary as a whole weraiircondition (C) durindgpoth summer
and autumn2024. Although thiswas the lowest score sin@919, it is better than the scoredefore
2008andsimilarto thosesince2011. The average nearshore FCI scores for each zone of the estuary
varied during summer, being beste. good(B), in the USEgood/fair (B/C)in the MSEand lower in
the CE(fair; C)and LSCHair/poor; C/D) The higher scores in upstream areadlect the saline
conditions thatincreased the occurrence of marine spe@es concentratedndividuals oestuarine
spawningspeciesin these zonesMoreover, thesezonesdid not experience hypoxjaand while a
potentiallytoxic algal bloom was present, it was upstream of the USE and so did not negatively impact
the fish fauna in the area sampledonverselythe lower scoref the CE andl SCEeflect estuarine
speciesmoving upstream torelatively lower salinities(CE) and low tidal heights and hot water
temperatures likelycaused some specieparticularly benthic fishio seek shelter in deeper, waters
(LSCE)Scores inautumn were similar to those in summerand while the water temperature
decreased, a lack of freshwater flow resulted in the maintenance of high salinities.

Smalbodied, schooling species of hardyheads (Atherinidae) and gobies (Gobiidae) once again
dominated catches from the nearshore waters of the estuary i2420epresenting86% of all fish
recorded andtonstitutingsevenof the eightmost abundant nearshore specidhe marineassociated
Silver Fishrather than the estuaring 4 8 2 OA | 1 SR 2 | fwiadtl@ estabundamiedek S R =
overall reflecting thesaline conditions throughout much of the estyaluring the 2@4 monitoring
period. Other abundah species of small, schooling fish included iWestern HardyheadSpotted
Hardyhead and Elongate Hardyheadhowever, theirabundances weresubstantially lower than
recorded previouslyThiscould reflect the movement of some tiese species into deeper waters to
avoid the low tides and high temperatures in the shallow, nearshore wdtessalso possible that the
higherthan-usual temperatures altered the breeding seasondstuarine hardyheadpecies, which
have a oneyear lifecycle and die after spawning.



Offshore fish communities

The offshore waters of th&wan CanningsHiary were ingood (B) conditionin both summer
andautumnduring2024. The overalscorewas the highest ever recordexthd wassimilar tothe last
two years 2023 and2022 andin line with thegenerally upward trend from 2016 onward3cores in
summer inthe LSCBYISE and USgll B)in summerwere likely driven by relatively saline and oxic
conditions the absence of toxic algal bloorasd the movement of fish from nearshore to offshore
areas The score for the USE diéclinefrom good (B)in summerto fair (C)in autumn, likely due to
the presence of a protractelarlodiniumbloom that, while it did not result in mortalitiesnay have
caused fish to move outside of the affected area. Unilikerevious years, there was stratification
induced hypoxia or algal blooms in thE&SE and so scores in this zone did not decline in aut@mee
again the offshore waters of the G& summer(fair; C) and autumn (poor/fair D/@xhibitedamongst
the lowest scores of any zonkowever,despite the presence of an algal bloom in the uppermost
portion of this zone, scores were better than in previous years.

As inall previous years of monitoring, PertHerring was among the dominant species in
offshore waters from all four zones comprisi28yr, 78% of the total catcheOther abundant species
included he SouthernEagle Ray and Tailorin the LSCE(and 7%, respectivelyof the catch) the
YellowtailGrunter in theMSE(12%)and USE55%) and Sea Mullein the USKE10%).The numbes of
species and individuals recorded from the offshore waters iM20@2e amongst the greatesh any
monitoring year likely due to high salinitieim 2024and previous years of goaidverine flow that
enhanced the recruitment of juvenile€atches of several species were relatively high ind202
including theHawaiianGiant HerringSouthern Eagle Rayellowtail Grunterand Sea MulletFor the
former two species high oceanic water temperatures and malikeesalinities likely influenced these
trends.

Overall

Across the entire estuary, the ecological conditiothefnearshore and offshore waters in 202
was assessed dair (C) and good [Brespectivelypased on their fish communitiesThis was a
relatively low score for the nearshore watetsut the highest scoreecordedfor the offshore waters.
Combined, the nearshore and offshore index scores fod202 the highest recorded since annual
monitoring began in 2012 his reflects thénighwatertemperatures and saline conditions in summer,
which may have caused some fish to move from the nearshore waters into the deeper, cooler,
offshore waters
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1. Background

The Department ofBiodiversity, Conservation and Attractiof®BCA)works with other
government organizations, local government authorities, community groups and research institutions
to reduce nutrient and organic loading to tieerbal Yirragan Djarlgar(®wan Canning Estuary and
river systen). This is a priority issue for the waterwaps it impacts water quality, ecological health,
and community benefitEnvironmental monitoring for the waterway includes water quality reporting
in the estuary and catchment and reporting on ecological health. Reporting on changes in fish
communities provides insight into the biotic integrity of the system and complements water quality
reporting.

The Fish Community Index (FCI) was developed by Murdoch University, in collaboration with
the Western Australian government between 2007 and 204#8esini et al., 2011; Hallett et al., 2012a;
Hallett et al., 2012h)and provides an assessmerfithe condition of the Swan Canning Estuary based
on fish communitiesThe FCI has been subjected to extensive testing and validatioseveralyears
(e.g. Hallett et al., 2012a; Hallett, 2014 has been shown to be a sensitive and robust tool for
guantifying ecological health responses to lesedle environmental perturbations and the
subsequent recovery of the system following their remdirllett, 2012; Hallett et al., 2012b; 2016)

The development and rationale of the FCI, along with its implementation and outcomes to date, are
summarizedn Hallett et al. (2019)

2. Rationale

Separate grsions of he FClwere developed for theshallow,nearshore waterg< 1.5 m deep)
of the estuary and also for its deeper, offshore watersl.5 m deep)as the composition of the fish
communities living in these different environments tends to diffes do the methods used to sample
them (Chuwen, 2009; Hoeksema et al., 2009; Potter et al., 2016; Tweedley et al., PO@&éjndices
integrate information on various biological variabl&@hdtricsQ Table }, each of which quantifies an
aspect of the structure and/or function of estuarine fish communitiesgether, the metriceespond
to a wide array of stressors affecting the ecosystéimeFCltherefore providesa means to assess an
important component of the ecology of the system and how it respongdartd thus reflectsgchanges
in estuarine conditiorfHallett et al., 2019; Tweedley et al., 2021)

The responses of estuarine fish communities to increasing ecosystem stress and degradation
(i.e. decliningecosystem health or condition) may be summarised in a conceptual model (Riy. 1).
response to increasing degradation of estuarine ecosystems, fish species with specific habitat, feeding
or other environmental requirements will tend to become less abundant and diverse, whilst a few
species with more general requirements become moraratant This leadsiltimately to an overall
reduction in the number and diversity of fish spec{&bson et al., 2000; Whitfield et al., 2002;
Villéger et al., 2010; Fonseca et al., 2013; Tweedley et al., 2847n a degraded estuary with poor
water, sediment and habitat quality, the abundance and diversity of specialist feeglgr&arfish
and Tailor), bottord A @A y 3 -+ GE @ Wt Ki S&QDCobbker d8dCHatead) and estuarine
spawning speciex(g.BlackBream, PerthHerring and YellowtaiGGrunter) will tend to decrease, as
will the overall number and diversity of species. In contrast, generalist feeelggr8andedToadfish
or Blowfish) and detritivorese(g SeaMullet), which eat particlesf decomposingrganic material,
will become more abundant and dominagirispyn et al., 2021; right side of Fig. The reverse will
be observed in a relatively spoiledsystemthat is subjected to fewer human stressoseéleft side



of Fig.1l; noting that thisconceptual diagranmrepresentseither end ofa continuum of ecological
conditionfrom very poor to verygood).

Each of the metrics that make up th€s scored from @10 according to the numbers and
proportions of the various fish species present in samples collected from the estuargiisergeine
or gillnets. These metric scores are summed to generat&@lscore forthe sample, which ranges
from 0¢100.Grades (AE) describing the condition of the estuamyd/or of particular zoneare then
awarded based on thECIkcores (se&:ction4 for more details).

Table 1.Summary of the metrics comprising the nearshore and offshore Fish Community Indices developed for
the Swan Canningstuary(Hallett et al., 2012b)

Predicted
Metric response to Nearshore Offshore
degradation Index Index

Number of species (Nspecies) Decrease K K
ShannorWiener diversity(Shdiv) 2 Decrease K
Proportion of trophic specialists (Prdpop. spec)® Decrease K

Number of trophic specialist species (Ni@p. spec) P Decrease K K
Number of trophic generalistpecies (Natrop. gen) ¢ Increase K K
Proportion of detritivores (Prapetr.) d Increase K K
Proportion of benthieassociated individuals (Prolpenthic)e Decrease K K
Number of benthieassociated species (Neenthic)e Decrease K

Proportion of estuarinespawning individuals (Propst spawn) Decrease K K
Number of estuarinespawning species (Nest. spawn) Decrease K

Proportion ofPseudogobius oloruifProp.P. olorumf Increase K

Total number oPseudogobius oloruifTot no.P. olorum) f Increase K

@ A measure of biodiversity

b Species with specialist feeding requiremergg(thosethat only eat small invertebrates)

¢ Specieghat are omnivorous or opportunistic feeders

d Specieghat eat detritus ecomposingrganicmaterial)

€ Specieshat live on or are closely associated with thebstrate

fThe Bluespot or Swan RivéBoby, a tolerant, omnivorous specid#tat often inhabits silty habitat¢Gill et al., 1993)

3. Study objectives

This reportdescribes the monitoring and evaluation of fish communities in tharSCanning
Estuaryduring 202 to applythe FClas a measure of ecological condition. The objectives of this study
were to:

1. Undertake monitoring of fish communities in rsdmmer and miehutumn periods, following
an established approach as detailedHallett et al. (2012a)including six nearshore and six
offshore sampling sites in each estuarine management zone.

2. Analyse the information collected so that ti#Clis calculated for nearshore and offshore
waters in each management zone and for the estuary overall. The information shall be
presented as quantitativeFCl scores (Q100), qualitative condition grades (&) and
descriptions of the fish communities. Radar plots shall also be used to demonstrate the
patterns of metric scores for each zone.

3. Provide a report thasummarizes the approach and resulgsd that could feed intdhe
broader estuarine reporting framewoif the Department oBiodiversity, Conservation and
Attractions



Figure 1.Conceptual diagram illustrating the predicted responses of the estuarine fish communi
situations ofvery good (Ajpnd very poor(E)ecological conditionimages courtesy of the Integration an
Application Network [ian.umces.edu/symbols/]

4. Methods

Fish communities were sampled at six nearshore andféshore sites in each ahe four
management zones of the Swan Canning Estus®CE, Lowe&wan Canningstuary; CE, Canning
Estuary; MSE, Middle Swhstuary; USE, Upper Swan Estuary; Fyp@endix)iduring both summer
(14 February- 7 March) andautumn @9 April 13 May) of 202. All sampling was conducted under
LISNXYAGa |+ LILINE SR 0Aima BHICR@riniitee! (permid SuNBeRWa500&3,
the Department of Primary Industries and Regional Development, Fisheries Division (exemption
number 251151323 and the Department of Biodiversity, Conservation and Attractions (permit
numberFO2500025%).



Nearshore waters were sampleing a 21.5 m seine n#iat was walked out from the beach
to a maximum depth of 1.5 m deployed parallel to the shore, and then rapidiagged towards and
onto the shore(Fig. 3 Appendix ). Offshore waters were sampled using 16Glong, sunken,
multimesh gill netseachconsisting of eight 20 flong panels with stretched mesh sizes of 35, 51, 63,
76, 89, 102, 115 and 127 m(fiig. 3)Thesewere deployed(i.e. laid parallel tathe bankat a depth of
2¢8 m, depending on thelepth of water at eactsite) from a boat immediately beire sunset and
retrieved after three hours.

Once a sample had been collectexhy fish that could be identifiesnmediatelyto species
(e.g.larger speciethat are caught in relatively lower numbers) were identified, counted and returned
to the water alive.All other fish caught in the nets we placed into zigock polythene bags,
euthanisedin ice slurry and preserved on iéar subsequent identification and countingxcept in
cases where large catches.d. thousands) of small fishvere obtained. In such instangean
appropriate subsample €.g.one-half to ane-eighth of the catchdepending on the total size of the
catch was retained for identification and estimation of the numbers of each specesd the
remaining fish wee returned alive to the wateto minimise the impact on fish populations. All
retained fishwere frozen until their identification in the laboratoflyy experienced fish biologists,
using available keys and identificatignides where rquired. See appendcesi and iifor full details of
the samplinglocations andnethodsemployed

The abundances of each fish spediesach sample were used to derive values for each of the
relevant metrics comprising the nearshore and offshore ind{ttlett et al., 2012a; Hallett et al.,
2012b)using bespoke code developed for the R software packdgtic scores were then calculated
from these metric valuegind the metric scoresn turn, combined to form th&=Ckcores. The method
for calculating these scores is detailedHallett et al. (2012a)but can be summarisesimply as
follows:

1. Allocate eachfish speciein a particular samplto its appropriate Habitat guild, Estuarindse
guild and Feeding Modeaudd (Appendtesiii-vi), then calculate the values for each fish metric
from the abundance ofachfish speciesn the sample

2. Convert méric values to metric scores ¢@0) via comparison with the relevant (zerend
seasonspecific) reference condition values for each metric.

3. Combine scores for the component metrics into a scé€core (€100) for each sample.

4, Compare theFClscore tothe thresholds used to determine theondition grade for each

sample(Table 2; Hallett, 2014)oting that intermediate gradese.g. B/C (good/fair) or C/B
(fair/good), are awarded if the index score lies within one pointeither side of a grade
threshold

The FClscores and conditiomgradesfor nearshore and offshore samplecollected during
summer and autumr2024 were then examined to assess the condition of Swean Canningstuary
during this periodand were compared to previous yearthrough a qualitative examination of the
patterns and trends in scores
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Figure 2 Locations ohearshore (light blue circles) and offshore (dark blue circles) sampling sites for th
Community Index of estuarine condition.

Table 2 Fish Community IndefEClscores comprising each of the five condition grades for bio¢mearshore
and offshore water®f the Swan Canning Estuatgtermediate gradese.g. B/C (good/fair) or C/B (fair/goqd)
are awarded if the index score lies within one painteither side of a grade threshold.

Condition grade NearshoreFClscores OffshoreFClscores

B (good) 64.6-74.5 58.4-70.7

C (fair) 57.1-64.6 50.6-58.4

D (poor) 455-57.1 36.8-50.6
<455 <36.8
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Figure 3 Photograph®f the beach seine netting (upper row) used to sample the fish community in sha
nearshore waters and the multimesh gill netting (lower row) used to sample fish communities in de
offshore waters of the Swan Canning Estuary. Images courtesytdkKspyn, Murdoch University.

5. Results and discussion

5.1 Water quality andenvironmentalconditions influencinghe 2024 monitoring period

Thepattern of rainfall and flow in the year preceding sampling is important as it can influence
fish recruitment, productivity and movement. Thetal annual flow atWalyunga on the Swan River
wasmuch lower {25GL) in 2023 than the424 and605 GL recorded i2022 and2021(Appendix u).
In 2024, o flow occurred during theéswan River until June and thus after samplivegl been
completed. The timing of the flow corresponded withhe traditional monthly pattern in south
western Australiawhere the majorityoccurs between May and September(Hodgkin et al., 1998;
Hallett et al., 2018)In 203, 84%0f the total annual flowoccurred between these monthsowever
in contrast tothe two previous years, thengere no monthsvith particularly highvalues For example,
flow in Augustand Septembemwas265and 96 GL, respectivelycompared to a total of 125 GL in the
entirety of 2023.Total annuaflow at Seaforth in the Canning Riier2023 was6.9 GL, slightlybelow
the median of~8.4 Gland less than the previous two years (i.e. 10.4 and 9.7 GL, respectively;
Appendixviii). Similar to the Swan River, there was no month with particularly high #ow,values
were relatively high between June and Septemlvepresenting 79% of thennual total

Large springides during January and~ebruaryresulted inwater levelsdeclining t00.32 m
above sea levelt low tide (Bureau of Meteorology, 2025a)heseoincidedwith the peak of thel 8.6
year lunar nodal tidg and high atmospheric pressure systems off to wesast which positively
influencea tidal amplitude (Eliot, 2010; Peng et al., 2018hd ledto subtidal banks in the LSCE
becoming exposeduring heatwave conditionsn FebruaryAppendix K).
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The environmental conditions present in tf&wvan Cannindestuaryduring the monitoring
period are shown as vertical contour plots of interpolated salinidessolved oxygen concentrations
chlorophyll levels andwater temperatures (Appendix ix). The text below describes th&ey
environmentalconditionsin the Swan and Canning axes of the estuary in each sedsmsalinity,
oxygenand water temperature values recordeldiringsampling are also provided (Append)x

Swanaxis:physicochemicatonditions

Summer:The water column of th&JSE was brackigBalinity= 11 ¢ 21 ppt) in early January2024,
becoming more saline intmid-February(minimumof 16 ppt) as the salt wedgeissipateddue to a
lack of freshwater input and vertical mixingalinities in the LSGE February and March exceeded
that of full-strengthseawater(~35ppt), ranging from 36 to 38 ppt, and those in the MSE were also
highly saline, typically ranging froB0 to 37 ppt No hypoxia (i.edissolved oxygen concentrations
<2 mg/L)wasobserved However, areas adbw dissolved oxygef2 ¢ 4 mg/ L) were presenin the MSE
in deeper waters of the MSia Januarybefore samplingcommened. In-situ oxygenconcentrations
were always> 4 mg/L (Appendix). Both the Caversharand Guildfed oxygenationplants were in
operationin each week of Januarifebruaryand March Water temperature in Januarincreasel in
an upstream direction fron24 to 27 °C in theMSE and-SCE to72to 32 °C in the USE/aluespeaked
in late January, and while those in the LSCE remained similar in Fekhaag further upstreanhad
reduced by % ¢ 2 °Chy the end of the month

Autumn: As there was ndreshwater flow until June, salinities increased during April and May,
particularly in the MSE and USEhen sampling started on92April, salinities greater than full
strength seawater (i.e. 3§ 35 ppt) wererecorded throughout the LSCE and up to Maylands in the
MSE Salinitiescontinued to decline further upstream, rangihgtween33 and 27ppt at the lower
and upper extents of the USBy the end of autumn sampliregound two weeks later, salinities had
declinedslightly in the LSCiiy up to 2 pptwere similar in the MSE and increased bypplin the
USEDue toa lack ofstratification no instances of hypoxia were detectatfater temperatures were
homogenousacrosshe LSCE, MSE and W@8H declinedhroughoutautumn,being 21¢ 22 °Cin the

first three weeks of Marchnd 18¢ 19 °Cin late March and April.

Canningaxis:physicochemicatonditions

Summer:The water column of the upper part of the (IEiverton to Castlemre) was stratified by
freshwater flowsthat diluted the surface watert as low asl1 ppt (typically 22¢ 29 ppt)overlying
denser, saltier wate(29 ¢ 37 ppt) in January and Februaihis plume of surface brackish water did
not extend past Castledare, witlurfacesalinitiesof 35 to 39 ppt recordedat Salter Point and Canning
Bridge Thedegree of stratification decreasl over timein the upper part of the C&s more of this
zonebecame salinéAppendixix). However the stratificationresulted inday-time hypoxia<2 mg/L)
being detectedin three of the fourweeks inboth January and-ebruary.Waters downstream of
Riverton were alwaywell-oxygenated> 6 mg/L)andsuch conditions occurred during sampling at all
sites in the CE during summéft/ater temperatures in Januamanged from 23 to 26C between
Canning Bridge and Rivertancreasingn anupstreamdirection. Values were highein Castledarg
typically exceeding 27C and almostreached33 °C Temperaturesdeclinedslightly in February,
ranging from22 to 30 °C

12



Autumn: Salinities increagkin Apriland May with most values exceedg full-strength seawateand
the highestreaching 40 pptThe water colum throughoutmost of the CE was waethixed, although
stratification was present around Castledaresulting in low oxygen or hypoxic conditionsll weeks
of April and MayOxygen concentrations during samplingre always % mg/L (Appendix). Water
temperatures were far lower than in summeanging from 15 to 24C with most being <20 °C.

Swan axis: &armful algae

Beforesampling:Blooms ofKarlodinium(Place et al., 2013)ccurredat levels of concern from late
October2023 with two specieshat breached trigger values for either investigation (15,000 cells/mL)
or notification (30,000 cells/mL)The first wasKarlodiniumveneficum which pealed at 26,000
cells/mL in Maylands (MSE)aarly Decembeandsubsided by early Janua#bloom ofKarlodinium
spp., dominated b¥arlodiniumcf. armiger, started inDe@mber 2023 subsded in late Januanput
returned in mid Februarywhen summer sampling commenc€dBCA, unpublished datajhenon-
toxic, red-tide formingHeterocapsa rotundatavas present at densitiesf up to ~68,000 cells/mL in
late JanuaryAlexandriunmspp.reached densities of 64 cells/nblut remained< 4 cells/mL between
February and May.

Summer: Densities oKarlodiniumcf. armigerthat had occurredefore samplingincreased in mid
February upstream of Success Hill in iier reaches of th&JSEThe bloom increasedeaching a
maximum density of 143,000 cells/mL several km upstream of the most upstream portion of the USE
in March, and continuedo exceed tigger values until 6 May, after summer sampling had been
completed.No significant algal bloom activity occurred in the MSE or LSCE during the sampling period.

Autumn: Thebloom Karlodiniumcf. armigerpresent in the USE in summaccurreduntil 6 May, two
days beforesampling in this zone was completégell densities reached76,000 and ~48,000 in mid
and late AprilDBCA, unpublished dat&s in summer, no blooms were recorded in the MSE or LSCE.

Canning axis:drmful algae

Before sampling: Alexandriumspp. reached densities of 78 cells/mL but remaine@® cells/mL
between February and Maldeterocapsa rotundataas present averyhigh densities up to428 000
cells/mL) in late January, causing significant oramgevn discolouration of the waterwith the
potential tolower oxygen concentrations at nigh#tlexandriumspp. reached densities of 64 cells/mL
but remained < cells/mL between February and May.

Summer:The potential fiskkilling algaeHeterosigma akashiw@lehdizadeh Allaf, 2023xceeded
investigation triggers (20,000 cells/mL) at Riverton Bridge in late Jabyaeaching-37,000cells/mL
Asimilar densityvasrecordedbelow Kent St weir on 27 Februavyhich increased t&56,000 cells/mL
on 12 March andhen subsidedDBCA, unpublished data).

Autumn:A bloom ofKarlodiniumspp breached the investigation trigger on 19 March with a maximum
of 18,320 cells/mL below Kent St weir. The bloom affectedG@kefromthe weir downstreamto
Castledare forseveralweeks before diminishing on 28 Magfter autumn sampling lthbeen
completed Maximum densitiesf 27,600 cells/mkvere recordedat Castledare on 30 April.

Comparison$o physicochemical conditions in previous vears
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Compared tdhe previous 12 years, salinities at the surface of the water coliarttme offshore waters
of all four zones of the estuary in summer were consistently relatively high, with some values being
the highest ever recorded (Append®. Similarly, water temperatures were elevated. For example,
temperatures in the LSCE rarely exceeded@%et in 2024 reached almost 3D.Temperatures were
even greater in the shallownearshore waters with values of almost 32 recordedn Heathcote
following low tide in February 2024 (DBCA, unpublished d#&tajvever, the most pronounced
increases isurfacewater temperaturein offshore watereompared to previous years were recorded
in the MSE and USEhe warmer temperature reflects thehigher residence time of wateand so
exposure to solar radiatiom the upper reaches of the estufiISE and USEompared to the lower
reaches (LSCE)here there is greatetidal exchangef water with the ocear{Hipsey et al., 2016)n
contrastto salinity and temperatureoxygen concentrationim 2024were similatto those thathave
typically occurred in the LSCE and CEsdigttlyhigher than recorded previously in the MSE and USE.
Salinities imall zones irmutumn 2024 weranore elevated compared to previous years than
those in summerFor exampleall values insome zones in 2024 were greater thalhof those in the
same zone in other yegre.g. 2024 vs 2012017, 2021 and 2023 in the URBth temperature and
oxygen concentrations in 2024 wendthin the ranges those recordad 20122023.

5.2 Ash communityof the Swan Cannindestuaryduring 2024
Nearshore waters

An estimatedtotal of 12,335 fish, belonging t®7 species, were caught in seine net samples
collected from nearshore waterduringthe summer and autumrmf 2024. Thetotal number offish
recordedin 2024 wasthe second lowest sinamonitoring began 2012, with that in only 2021 being
lower. Moreover, they werearound half theaveragefrom previous monitoringoetween 2012 and
2023 (range = 16,908 42,935). Similarly, he 27 species recorded in 2@2vasthe second lowesand
well below theannual averagef 32.4 (range 225¢ 36). A total of65 fish species have beerpllected
in seine netsas part of thisannual monitoring since 2012 with the Fanbelly Leatherjacket being
recorded for the first timan 2024 This species iabundant in coastaseagrass bedand has been
recorded inseagrass beds around Blackwall Rg&tubb et al., 197%nd on musskreefs in Melville
Water(Maus et al., 2024)

The greatest number of species recordethia nearshore waters was in thdSK?21), followed
by the CH18)and least in the.SCE andSEl§oth 16; Table 3. This spatial pattern of species richness
did not follow the traditional pattern of declinein the number ofspecies along the longitudinal
(downstreamc¢ upstream) axighat has been recorded in thenearshore watersof SwanCanning
Estuarypreviouslyandin similar estuariesn southwestern AustraligVeale et al., 2014; Valesini et
al., 2017) This shift was due to a large decline in the number of species recorded LSCE and, to
a lesser extent, the CE. For example, average o024 speciehave been found in the LSCE (range =
19 ¢ 29), whereas onl 16 species were recorded in this zane2024 Among the notably absent
specieswvere the estuarinespawning Western Hardyhead, Black Bream and Yellowtail Flatrehd
the marinespawning Tarwhine, Sea Mullet and Blue Weed Whifirige former two species were
recorded in 10 of the previous 12 yearssampling, and the remainirfgur in 8 of the last 12 years.
Similarly, the 18 species recorded in theiCE024was the lowest recorded (average = 22.7; range
19 ¢ 26). This was due to species likee Sea Mullet, Southwestern Goby, and Western Gobbleguts,
which have been recorded in 12a8d 8 of the previous 12 yeam| beingabsent in 2024Conversely,
the number of species in the M$EL) and USE16) weresimilar tothe averagevalues inprevious
years, i.e. 21.5 and 16.9, respectivdlfze total number of fish was greatest in the L&@Esimilar in
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the other three zonegi.e. 4,707 vs 2,185 2,913; Table 3)The total for each region was lower than
the averageparticularly in the CRyhere the total catch in 2024 was only 24% of the average of the
previous 12 years.

Hardyheads (family =Atherinidae; five speciesand gobiesfamily =Gobiidae sixspecie$once
againdominated catches from the nearshore waters of the estuary i242€epresenting86% of all
fish recordedand containingthe sevenmost abundant nearshore speciaad sevenof the topten.
The SilveAshwas the most abundant species over@J139 individualsTable 3) This was the first
time this species was thmost abundantwith only 98and 243ndividualsbeingrecorded in 202&nd
2022, respectivelyThe Spotted Hardyheadnd Western Hardyheadanked second and third
respectively,with the latter having been the most abundant species in nearshore waters for the
previousfive years (2019 to 2023)

There was clear spatial partitioning of hardyheads throughout zbees of the estuary
Silverfish comprised 44% of all fish in the L&C&mpanied by Common and Elongate hardyheads
(both ~24%)While these thee species were also recorded in the CE and, Nty made small
contributions to the overall catchf <2%. Insteadthe Spotted andVestern hardyheaddominated
the CE (37 and 47% of all fish, respectively), amdh lesser extent, also the MSE (i.e. 24 and 5%,
respectively).This reflectghe salinity preferences for th@arious specigswith the Silver Fish and
Common Hardyhead occurring in coastal watarsl the salty downstreanmeaches of estuaries
(Valesini et al., 2009; 201 yhereaghe Western Hardyhead prefetgpstream areasvhere salinities
are less thann other parts of the estuaryPrince et al., 1983; Potter et al., 2015bikewise, among
the gobiesthe Southern Longfin Gobyas most abundant in theSCE, th¥ellowspotted Sandgoby
in the CE andMSEandBluespot Goby in the USE. This refltiotssalinity preferences of tige species,
and the coarse sediment in the downstream zones fner (silty/muddy) sediments found further
upstream (Gill et al., 1995; Hogawest et al., 2019)Other abundant speciesecorded in2024
includedthe Yelloweye Mullet in the CEie Common Silverbiddy in tHlSE and thePerth Herring
andYellowtail Gruntein the MSE and USE

Compared to previous yearaumbers of some abundant estuarispawning species were
substantially lower in 2024nost notablythe smaltbodiedWestern HardyheadspottedHardyhead,
and ElongateHardyheadwhose abundances in 2024ere only 26, 33 and 45% of the averaxje¢he
previous 12 yearsCatches of juveniteof largefbodied speciesncludingPerth Herring, Black Bream
and Yellowtail Gruntemwere alsdower thanrecordedpreviously In the case of thénardyhead, this
could reflectpotentially poor recruitment ofjuveniles from spawningeventsin spring and early
summer(Prince et al., 1983nd or movements into deeper, coolgoffshorewaters. Substantially
lower numbers ofuvenilesof several marinespawning speciethat use the estuary as a nursery area
were also recordedmost notably Sea Mullet, Yelloweye Mujl&Veeping Toadfistand Western
Striped GrunterAs the abundance of these marispawning speciesinfluenced by factoreccurring
in the ocean and the estuary, attte mouth of theSwanrCanning Estuary is permanently open to the
ocean allowing recruitment at any time, the drivers of such changes are less Gleese types of
speciedo often respord positively to high flow in precedingears(Appendix u), as was the case in
2021 and 2022but notin 2023 (Tweedley et al., 2022a, b; 202&onversely, far greater numbers of
Common Hardyheadsilver Fish, Common Silverbidohd Yellowfin Whiting were recorded.

Two non-native fishspecieshave beenrecorded regularly during this monitoring program,
namelythe Eastern Gambusindthe Pearl CichlidThe former species was recorded agair2024
albeit inrelatively low numbers(i.e. a total of 72 individuatsaverage = 535range =28 ¢ 1,633)
However, his was the first yeasince 2014vhenthe Pearl Cichlidvas not recorded
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Table3. Compositions of the fish communiti€d = Average density fi$h00 nm?] and %C = percentage compositiofjservedacrosshe six nearshore sitesampledin each

zone of theSwan Canningstuary duringdhe summer and autumn of 2@R Data for thethree mostabundantspecies in the catches froeach zonere shaded in greyor
emphasis Speciesare ordered bytotal abundancethroughout the estuaryLSCE = Low&wan Canningstuary, CE = Canning Estuary, MSE = Middle Swan Estuary, USE =
Upper Swan Estuary.denotesnon-native species

LSCHEn = 12) CE(n=12) MSE(n = 12) USHn = 12)
Common name Species D %C X D %C X D %C X D %C
Silver Fish Leptatherina presbyteroides 147.63 43.66 2.95 1.41 3.09 1.97
Spotted Hardyhead Craterocephalus mugiloides  13.65 4.04 78.16 37.35 38.15 24.30 11.85 6.52
Western Hardyhead Leptatherina wallacei 98.78 47.20 8.33 5.31 23.42 12.89
Common Hardyhead Atherinomorus vaigiensis 81.47 24.09 0.57 0.27 0.50 0.32
ElongateHardyhead Atherinosoma elongatum 79.17 2341 2.23 1.06 0.50 0.32
Bluespot Goby Pseudogobius olorum 0.43 0.21 12.21 7.78 64.08 35.26
Yellowspotted Sandgoby Favonigobius punctatus 0.57 0.17 11.49 5.49 29.96 19.08 17.82 9.80
CommonSilverbiddy Gerres subfasciatus 0.07 0.02 0.93 0.45 2493 15.88 8.33 458
Perth Herring Nematalosa vlaminghi 2.37 1.13 9.12 5.81 11.35 6.25
Bridled Goby Arenigobius bifrenatus 0.07 0.03 3.45 2.20 18.03 9.92
Yellowtail Grunter Amniataba caudavittata 0.79 0.23 0.29 0.14 7.26 4.62 6.90 3.79
Black Bream Acanthopagrus butcheri 0.86 0.41 6.25 3.98 4.81 2.65
Yelloweye Mullet Aldrichetta forsteri 0.79 0.23 6.18 2.95 2.73 1.74 0.07 0.04
Western Striped Grunter Helotes octolineatus 0.29 0.08 0.14 0.07 6.82 4.35 0.07 0.04
Weeping Toadfish Torquigener pleurogramma 6.18 1.83 0.57 0.27 0.36 0.23
Western Trumpeter Whiting  Sillago burrus 2.87 0.85 2.23 1.06 1.80 1.14
Southwestern Goby Afurcagobius suppositus 6.82 3.75
Eastern Gambusia Gambusia holbrooki* 5.17 2.85
Southern Longfin Goby Favonigobius lateralis 2.01 0.59 0.57 0.27
Australian Anchovy Engraulis australis 2.01 1.11
WesternGobbleguts Ostorhinchus rueppellii 1.72 0.51 0.29 0.18
Sea Mullet Mugil cephalus 0.79 0.50 0.79 0.43
Yellowfin Whiting Sillago schomburgkii 0.72 0.21 0.43 0.21 0.07 0.05
Largemouth Goby Redigobius macrostoma 0.29 0.18 0.22 0.12
Sandy Sprat Hyperlophus vittatus 0.14 0.04
Tailor Pomatomus saltatrix 0.07 0.05
Fanbelly Leatherjacket Monacanthus chinensis 0.07 0.02
Total number of species 16 18 21 16
Average total fish density (fish 100 #) 338 209 157 182
Total number of fish 4,707 2,913 2,185 2,530
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Offshore waters

Samples collected from offshore waterstire summer and autumn d2024 using gill nets returned
3,847fish, comprising 2 species (Table 4). This number of islughtwasthe highest ever recorded during
this monitoring and followsn from relatively high catches betwe@021 and2023. Catches ithe last four
years(2021:-2024; average = 3,063; range = 2,40%847 aresubstantially greater than those between 2012
and 2020 (average = 1,82@&nge= 1,125¢ 2,235). The 2 speciescaughtin 2024 wasslightly greater than
both 2023 (20) anadver the entiremonitoring period (average 20.3 between 2012 and 2, albeitless
than the 23 and 24 recorded in 2021 and 2022, respectivetgtal of36fish species have been collected in
gill nets as part of this annual monitoring since 2012 anchew species were recorded in 202

Among themanagementzones, the total number of species recorded from each zone it 202
decreasedupstreamfrom 17 species in the LS@ELG6 in the CEL4 in the MSE and 10 in the UJHis is a
trend that has occurred in most yeais this monitoringprogramand has been recordeth other estuaries
(Loneragan et al., 1987; Chuwen et al., 2009¢flectsthe fact that most species of fish in the deeper waters
of the estuaryare marine species and, therefogefer higher salinitiegPotter et al., 1999; Tweedley et al.,
2016) The number of species in each zowas greater than in 2023 and the averadem previous
monitoring, except for the USE which remained the sa®a&iches were once agdargestin the USKE1,598
fish), compared to777, 781 and 691 fish the LSCE, CE and M&iSpectively.The total number of fish in
each zone was greater than the average of pnevious12 years This wagparticularlymarkedin the LSCE
and USE, whereatches were ~140% greater than the average.

As inall previous years of monitoring, Perth Herring vilas most abundanspecies in offshore waters
in 2024, representings0% of all fish recordedalbeit the contribution from this species was lower thiue
averageof 58% This speciesomprised 23to 78% of the total catchem eachzong ranking first irall except
the USEwhere it rankedsecond(Table 4)The Yellowtail Grunter was the second most abundant species
overall andwhile found in all zonest was particularly abundann the MSE and in th&JSE where t was the
most caughtspeciesThe Southern Eagle Ray ahalorwere abundant in the LSC&and 7% of the catch,
respectively) Theformer species was alsabundantin the CE representingl2% of all fish caughtOther
abundant species included tHRoach and Tarwhine in the LSCE and CE, the Hawaiian Giant Herring in the
MSE and & Mullet andBlack Breanm the USE.

Catches of several speciegre relatively high in 202 includingHawaiian Giant Herring eWfowtalil
Grunter, Sea Mullet Southern Eagle RaypdPerth Herringwith percentages ineasesf 521, 198,170, 121
and60, respectivelyfrom theaverage between 2012 and 2B2n the other handthere was a 60% decrease
in the abundance of Western Striped Grunterthe case of Yellowtail Grunter, Sea Mullet and Perth Herring,
the increase in the offshore waters was accompanied by a corresponding decrewsashore waters and
thus, individuals may have moved from shallower to deeper waters due to the very low tides and/or high
water temperatures.Numbers of Southern Eagle Rays have increased in the-Saraming Estuargver the
last decade, which ikely due tomarinization(increasing frequency and duration of marililee salinities)
of the lower reaches of the systeand that is it now being used as a nursery area by this marine species
(Trayler et al., 2024)Catches of theHawaiian GianHerring werethe highest ever recordeduring this
monitoring This species is known to moweuthwards in Australia with warmer currents during summer
months,and the summer sea surface temperature anomaly in sauglstern Australia during summer was
0.87 °C higher than the 1992020 averageand the highest in any othe last 100 yeargBureau of
Meteorology, 2025h)
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Table 4 Compositions of the fish communiti¢€R = Average catch rate [fish/net set] and %C = percentage composiig®Eyed across the six offshore sites sampled in
each zone of th&wan Canningstuary duringhe summer and autumn of 20R Species ranked by total abundan@ata for thethree mostabundantspecies in the catches

from each zone arshaded in grejor emphasisSpeciesre ordered bytotal abundancehroughout the estuaryL SCE = Low8wan Canningstuary, CE = Canning Estuary,
MSE = Middle Swan Estuary, USE = Upper Swan Estuary.

LSCHEn = 12) CE(n=12) MSE(h = 12) USHn = 12)
Common name Species CR %C X CR %C X CR %C X CR %C
Perth Herring Nematalosa vlaminghi 41.75 64.48 41.08 63.12 45.00 78.15 31.17 23.40
Yellowtail Grunter Amniataba caudavittata 0.17 0.26 1.58 2.43 6.67 11.58 72.17 54.19
Southern Eagle Ray Myliobatis tenuicaudatus 5.75 8.88 7.67 11.78 0.08 0.14
Sea Mullet Mugil cephalus 0.08 0.13 0.08 0.14 12.67 9.51
Black Bream Acanthopagrus butcheri 0.50 0.87 9.83 7.38
Tailor Pomatomus saltatrix 4.50 6.95 2.92 4.48 1.50 2.60 0.67 0.50
Common Silverbiddy Gerres subfasciatus 3.83 5.92 3.92 6.02 0.75 1.30
Tarwhine Rhabdosargus sarba 3.67 5.66 3.42 5.25 0.17 0.13
Hawaiian Giant Herring Elops hawaiensis 0.42 0.64 0.83 1.28 1.50 2.60 4.33 3.25
Yellowtail Flathead Platycephalus westraliae 2.25 3.47 0.58 0.90 0.58 1.01 0.50 0.38
Western Striped Grunter Helotes octolineatus 0.58 0.90 1.00 1.54 0.33 0.58
Mulloway Argyrosomus japonicus 0.25 0.43 1.50 1.13
Yellowfin Whiting Sillago schomburgkii 1.00 1.54 0.17 0.26
Western Trumpeter Whiting Sillago burrus 0.25 0.39 0.58 0.90 0.17 0.29
Estuary Cobbler Cnidoglanisnacrocephalus 0.17 0.26 0.50 0.77 0.08 0.14
Yelloweye Mullet Aldrichetta forsteri 0.58 0.90
Bull Shark Carcharhinus leucas 0.08 0.13 0.17 0.13
Australian Anchovy Engraulis australis 0.08 0.13 0.08 0.13 0.08 0.14
SilverTrevally Pseudocaranx georgianus 0.08 0.13
Australian Herring Arripis georgianus 0.08 0.13
Smalltooth Flounder Pseudorhombus jenynsii 0.08 0.13
Weeping Toadfish Torquigener pleurogramma 0.08 0.13
Total number ofspecies 17 16 14 10
Average catch rate (fish/net set 64.8 65.1 57.6 133.2
Total number of fish 777 781 691 1,598
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5.3 Ecologtal condition in 202
Nearshore waters

The ecological conditiolased on fish communitiesf the nearshore waters of th&wan Canning
Estuarywasfair (G FCI scor@3) in both summer and autumr{Fig.4). Scores for individual zones ied
markedlyfrom 58 to 72. Thebestscore wasn the USE(good B) andlowest in theCEand LSCtith fair (O
and fair/poor (C/D) scores, respectiveRhescores in autumn increaddy five points in the USEnd four
points in the CBbut these zones remained good and fair, respectivBiypaller shifts oround onepoint
were seen in the LSGEhich improvedn condition to fair and in the MSEalbeit the condition of that zone
remained good/fai(B/C;Fig. 4)

(a) Summer 2024

(b) Autumn 2024

Estuary

Figure 4.Average nearshore Fish Community Index scores and resulting condition grades (A, very ¢
good; C, fair; D, poor; E, very poor) for each zone of the Swan Ca&tstiragy and for the estuary as a whole

in the summer and autumn of 2GR

*Note, for visual claritymeanFClI scoreare roundedto the nearest whole numbeMeanscoresfor the LSCEnd CEn summerwere
57.62 andb8.43,respectivelyand thus the score for the LSCE was withie point of the 57.11grade thresholdetweenpoor andfair
(Table 2)whichexplairsthe apparent disparity in graddsetween these zones

Radar plots of the nearshore metric scores for each zone in surshmved that therelatively low
score in the LSG#ias caused by low values for theimber ofspecies, Number ¢fophic specialist specigs
Number of benthi@ssociated specieand Number of estuarinspawning speciegall positive metrics
Fig.5a). These reflect the low number of species found in each sample (raBgé&¥and that of the species
recorded only four of the 13spawn in estuaries andnly two were benthic The composition of the fish
communities in the LSCE in summer was also dominated by repravening smaltpelagic hardyhead, thus
accounting for the intermediate scores fahe Proportion of benthi@ssociated individualand the
Proportion of estuarinspawning individualgboth positivemetrics).It is likely that the very low low tide
that occurred in this regiofAppendix i), combined with the warm watergnay have resulted in some of
the benthic species moving to cooler, deeper watetgere they would also be less likely to be predated by
birds (Greenwell et al., 2021 Moreover, the high salinities may va altered the spatial distribution of
species, resulting in marine speciie the Silver Fish and Common Hardyheadering the estuary in
greater numbers and some of the estuarine species moving further upstréamhigh salinities would,
however, haveprecludedinhabitation of this zone by theletritivorous Bluespot Goby(Psuedogobius
olorum). The absence of this species from the LSCE, resulted in scores of 1(Fiampbsrion of detritivores
Total number of FolorumandProportion of P. olorurtall negative metrigsFig. 5¢ Thecombination of high
salinities anchighwater temperaturesnay also be responsible for a similar pattern of resateng metrics
in the CEas occurred inhe LSCEHoweverthe CE scored bettan the Proportion of estuarinspawning
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individualsdue tothe schoaos$ of hardyheads comprising estuarispawning species such as the Spotted and
Western hardyheads rather than the Siver Fish and Comidaodyhead.

(a) Summer 202
B Lsce
N ies (+
10 o species (+) CE
Tot no P olorum (-) 9 Prop trop spec (+) . MSE

I use

No trop spec (+)

Prop P olorum (-)

No est spawn (+)
Prop est spawn (+)

No trop gen ()

Prop detr (-)

No benthic (+) Prop benthic (+)
(b) Autumn 202
I Lsce
10No species (+) CE
Tot no P olorum (-) 9 Prop trop spec (+) . MSE

I use

Prop P olorum (-) No trop spec (+)

No est spawn (+) No trop gen (-)

Prop est spawn (+) Prop detr (-)

No benthic (+) Prop benthic (+)
Figure 5.Average scores €10) for each component metric of the nearshore Fish Community In
calculated from samples collected throughout the LSCE, CE, MSE and USE zones in (a) summer and
2024. Note that an increase in the score for positive metrics (+) reflects an increase in the underlying v
whereas an increase in the score for negative metritsgflects a decrease in the underlying variab
Therefore,the larger the aea covered by the radar plot thigetter the condition in thatzone Full metric

names and explanations are given in Table 1.
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Scores in the MSE and more so in the USE were greater than those in the LSCE and CE (Fig. 4a), whick
reflected sequential increases in ti\umber ofspecies, Number of estuarispawning species, Number of
benthicassociated specieslumber of trophic generalist speci@sd theproportions of estuarinspawning
individuals andbenthicassociatedndividuals.Converselymetrics related toBluespot Gobyall declined
sequentially from their maximum in the LSCE, intermediate values in the MSE and lowest values in the USE
(Fig.5a). These patterns likely reflect the movement of estuarine species with preferences for moderate
salinities further upstream whersalinities were less than fedkrength seawater. Salinity is one of the
principal drivers of fish faunal composition in estuaries glob@lhiel et al., 2001; Barletta et al., 2005;
Whitfield et al., 2006)and the partitioning of species along this axis is well established in -seegtern
Australian estuarieqPotter et al., 2015b; Valesini et al., 2017)

The spatial pattern of overall scorfg zones and of their component metrics was similar in autumn
to that in summer(Fig. 4 and 5)The absence of floim the swan axis of the estuaiy 2024 before sampling
was completedAppendixvii) resulted in the maintenance of the strong salinity gradient present in summer.
The LSCE was the only zone whteecondition grade changed, i.encreased from fair/poor in summer to
fair in autumn. This was largely due to increases inpttportions of i) benthicassociated individualsi)
estuarinespawning individuals, and iii) trophic specialists (Fig. 5). This reflected the abséarge cichod
of marinespawning hardyheads ardrger and moreconsistent catches of th8outhern Longfin Gobyhe
latter specieds distributed primarily across southern Austrdlieam Denham (Shark Bay) on the west coast
across southern Australia and Tasnaato Mallacoota in Victoria and is estimated to have a temperature
preferencerange of14.6 to 26.2°C and mean of 18.8C(Bray et al., 2024; Froese et al., 20ZMe cooler
and deeper waters present in autumn would have been more suitable for this benthic species.

Offshore waters

The ecological condition based on fish communities of the offshore waters of the Swan Canning Estuary
was good (B) iboth summer and autumn (Fi§). The condition of each zone varied during summer (mean
FCI scores &0 ¢ 68), beinggood B) inthe LSCEMSEand USEnNnd poor/fair (YC) in the CEIn autumn,the
mean FCsécore in theLSCE increasdyy 9 pointsfrom goodto very good A) and theCEby four poinsfrom
poor/fair to fair. While thecondition in the MSE remained the same (62 and goibd) FCI score for the USE
decreased by 15 points from 68 to 58sulting in a change from good to féiig.6).

(a) Summer 2024

(b) Autumn 2024

Figure 6 Average offshore Fish Community Index scores and resulting condition grades (A, very good;
C, fair; D, poor; E, very poor) for each zone of the Swan CaBstngry and for theestuaryas a wholein
the summer and autumn of 20R
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Radar plots ofhe offshore metric scoreshowedthat the poor/fair condition of the ClB summemwas
due to very low scores for theroportion of detritivoregnegative metri¢c0.2 out of 10;Fig. &), low scores
for the Number of specie®Number of trophispecialistspeciegpositive metris), and theNumber ottrophic
generalistspecies(negative metric). In contsh, very high scores were recorded for th&roportion of
estuarinespawning individual€Proportion of benthiassociatedndividualsand ShannoAWiener diversity.
These trends arbecause on average, only.5 species were caught per sample and tRatrth Herring, an
estuarinespawning detritivore, contribute®2% of all fish recordeth this zoneand up to 95%n some
samples. Moreover, other commonlyccurringand relatively abundanspecies, i.e. Common Silverbigddy
Yellowtail Grunterand Western Stripedsrunter, are also benthopelagiand thus contribute to the
Proportion ofbenthicassociated individual#loreover,the latter two species aralsotrophic generalists

The LSCE, MSE and Y®leally had relatively higbcores fothe Number of speciedlumber of trophic
specialists and theProportion of benthic individual&ig. 7a) Thesevaluescould be due to the offshore
movement of fish from nearshore to deeper waters to avoid shatlepths, predation from bird@nd higher
water temperaturesand, particularly in the USEnovement of estuarine species further upstreanneT
Proportion ofestuarinespawning individualgvas lowest in the LSCiRost likely dugo marine affinities of
the lowerestuary beingless favourabléo estuarinespecieqLoneragan et al., 1989; Valesini et al., 2017)

Between summer and autumn, thgggest change in themean offshore FCI scorescurred in the
USE, which declined from goodj@o good/fair £3), influencedmainlyby the reductions in theNumber of
trophic specialist specigfroportion of detritivores(hegative)and, to a lesseextent, ShannoAWiener
diversity(Fig 6 and7). In summer, this zone was dominated by Perth Herring, Sea Mullet, YellGntater,
Black Bream and Giant Herring. Toeurrenceand/or abundance oéach of these specieeclined together
with Mulloway,in autumnand the proportion of Perth Herring increaséthere was a bloom d€arlodinium
spp. that wagpresent in the USE and further upstreéon a month before autumn sampling commencaatl
was still at bloom densities during thiest portion of sampling and only subsided two dayefore the final
sampleswere collected.While no significant fish kills were recorded (DBCA, unpublished diataxpecies
including Perth Herring, Sea Mullet, Black Bream and Yellowtailt&rhave been shown to movavay
from previousKarlodiniumblooms in the USHallett, 2012; Hallett et al., 201.6A)\s suchthe presence of
this bloommay have caused some of the fish in the USE to move,dmagring theFCI scoreln previous
instancesthis hasresulted in a decline in FCI scgkallett et al., 2019)

The mearFCl score for the MSEmaired the same in summer and autumire(62; good condition,
which contrasts withthe previous three year€021, 2022 and 2023)vhere scores wertower in autumn
In each of these previous yeafseshwater flow led to stratification and associated hypoxia,andome
years, also the presence Khrlodiniumspp.(Tweedley et al., 2022b, a; 2023he maintenance of a good
conditionin both seasons 2024islikelyto reflecthigh and stable salinities present throughout the vertical
axis of the water columandthe lack of hypoxi conditionsand toxic algal bloom&hemean score for the
LSCE improved frogood (68)n summerto very good 17) in autumn This was mainly drivehy anincrease
in the Proportion of detritivoreswhich was a result of the lower occurrenaed catches ofPerth Herring
caught in Autumn.
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(a) Summer 202

B Lsce
10No species (+) CE
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= N W > O

Prop benthic (+) ¢ No trop spec (+)

Prop detr (-) No trop gen (-)
(b) Autumn 202

B Lsce

CE

0 mse
0 use

No species (+)
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Prop benthic (+) No trop spec (+)

Prop detr (-) No trop gen (-)
Figure 7 Average scores 00) for each component metric of the offshore Fish Community Index, calcu
from samples collected throughout the LSCE, CE, MSE and USE zones in (a) summer and (b) autt
Note that an increase in the score for positive metrics (+) reflects an increase in the underlying ve
whereas an increase in the score for negative metritgdflects a decrease in the underlying variah
Therefore, the larger the area coverbg the radar plot the better the condition in that zone. Wie names
and explanations are given in Table 1.

Longerterm trends in ecological condition

Overall resultdor Swan Canning Estuairy 2024indicate that the nearshore waters were fair
condition O with an average score across zone83fThisisthe fifth-lowest score recorded and the lowest
since 2019, but markedly better than those recorded between 2005 and 2007 and consistent with the
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scores since 2011 (Fig 8he mean offshore FCI score for the estuary overall indicated @jadndition
during 202 and was the highest ever recordedhe current score of good is in line with the generally
upward trend from 2016 onwards (Fig, 8hdis the sixh time good condition has been obtained (isdso
2012, 2015, 202022 and 2038). Combined the somewhat contrating scores for the nearshore and
offshore watersare the fourthhighest recordedand similar to thosen 2022 and 2023 (ranked first and
third, respectively) Thusthe trend for relatively good conditions for the estuary as a whole in recent years
has continuedn 2024
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Figure 8.Trend plot of averagetSE) nearshore Fish Community Index (FCI) scores and resulting col
grades A, very good; B, good; C, fair; D, poor; E, very doothe Swan Canning Estuary between 2005 ¢
2024. Red lines denote boundaries between condition grafiEsdata were collected in 2010.
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Figure 9.Trend plot of averagetSE) offshore Fish Community Index (FCI) scores and resulting cor
grades A, very good; B, good; C, fair; D, poory&y poor) for the Swan Canning Estuary between 2008 i
2024. Red lines denote boundaries between condition grafiesdata were collected in 2010.
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6. Summary

The Fish Community IndéikClconsiders the fish community as a whole and provialesbjective
means to assess how the structure and function of these communities in shaéavghore(< 1.5 m deep)
and deepeyoffshore waterg> 1.5 m deepjespond to a wide array of stressors affecting the ecosystem.
Note that the FCI does not provide information on the population dynamics or health of particular species
(in comparison to e.g. Cottingham et al., 2014; Crisp et al., 2008)does it provide information on the
size or status of the fish stocks in the estu@y. Smith et al., 2021; Obregon et al., 2022)

Across theentire estuary, the ecological condition bbth nearshoreand offshorewaters in 2@4
was assessed dair (C) andyood(B), respectivelybased ortheir fish communitiegTable5). Combined
the nearshore and offshoradex scoresre among thehighest ever recordedcontinuing a trend over the
last fewyears In all yearsince 2012the mean FCI scores have been greatéhénearshore than offshore
waters however, the magnitude of the difference wase least this year This reflects thewater
temperaturesand saline conditions in summer, whichay have caused some fish to move from the
nearshore waters into the deeper, cooler, offshore watgwrticularly in the LSCHEloreover, the lack of
flow from the Swan River prevented the occurrence of stratification and hyamdahus offshore scores
in the MSE did not decline in autunais had occurred in recent year&lthough offshore FCI values did
decline in the USE autumn likely due to a bloom of th@otentially toxic dinoflagellateKarlodiniumspp,
scores in the Clwere amongst the highest recordethe offshore waters of this zone have consistently
scored poorly relative to other zones across both seasons, receiving a poor (D) gr&@84drofmonitored
seasonsyetthe grades in summer and autumn were poor/fair and,faaspectively, giving an overall grade
of fair (Table 5)

Table 5. Fish Community IndetCl)scores andcorrespondingecological condition grades for each zone of the
estuary, and the estuary as a wholduring the 2@4 monitoring period (mearof all summer and autumn &024).
LSCE = Lower Swan Canning Estuary, CE = Canning Estuary, MSE = Middle Swan Estuary, USE = Upper Swan Estu:

Nearshore Offshore
Mean FCI score Condition Mean FCI score Condition
LSCE 58.36 C 72.37 A
CE 60.23 C 52.07 C
MSE 65.43 B/C 62.14 B
USE 69.30 B 60.54 B
Estuary 63.33 C 61.78 B
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8. Appendices
Appendix(i). Descriptions of (a) nearshore and (bjstioreFish Community Indexonitoring sitesLSCH,owerSwan
Canningestuary; CE, Canning Estuary; MSE, Middle Swan Estuary; USE, Upper Swan Estuary

Zone Site Code LatLong (S, E) Description
(a)¢ Nearshore
LSCE3 -32°n m Q H R @ D H wShoreline in front offegetation on eastern side of Point Roe, Mosman Pk
LSCE4 Blc pdQHcCc QQX Grassy shore in front of houses to east of Claremont Jetty
LSCE LSCE5 32 nnQHNnQQX North side of Point Walter sandbar
LSCE®6 B2cnmQnc QQX  Shoreinfront of bench on Attadale Reserve
LSCE7 32c nnQmmQQ3%  Sandy bay below Point Heathcote
LSCE8 3lc p pQMMQQF  Eastern side of Pelican Point, immediately south of sailing club
CE1 32c nmQHyYy QQF  Sandy shore to south of Deepwater Point boat ramp
CE2 32c nmQpn QQF Sandy beach immediately to north of Mount Henry Bridge
CE CE5 32c nmQnnQQYX Bayin Shelley Beach, adjacent to jetty
CE6 32 nmQH PQQY Smalllearing in vegetation off North Riverton Drive
CE7 32 nmQmy QQF Sandy bay in front of bench, east of Wadjup Point
CE8 B2 nmQmce QQZX  Sandy beach immediately downstream of Kent Street Weir
MSE2 -31c p y OwnpXxOp>wm ¢ Sandy beach on South Perth foreshore, west of Mends St Jetty
MSE4 Blcpc QonQQZX Shoreline in front of Belmont racecourse, north of Windan Bridge
MSE MSES5 Blcpc QMo QQ3F Beach to west of jetty in front of Maylands Ya€hub
MSEG6 BlepT QMo QQF  Small beach upstream of Belmont Water Ski Area boat ramp
MSE7 Blepp Qpo QQZX Beachin front of scout hut, east of Garratt Road Bridge
MSES8 BleppQoT1T QQX Vegetated shoreline, Claughtéteserve, upstream of boat ramp
USE1 Ble pp QHn QQX  Small beach adjacent to jetty at Sandy Beach Reserve, Bassendean
USE3 3lcpoQnoQQX Sandy bay opposite Bennett Brook, at Fishmarket Reserve, Guildford
USE USE4 Blc poQHyYy QQZX Shoreline in front of Guildford Grammar stables, opposite Lilac Hill Park
USES5 BlcpoQmo QQ%X Small, rocky beach after bend in river at Ray Marshall Park
USE6 BlepHQnMmQQZY Small beach with iron fence, in front of Caversham house
USE7 Blc pH QHHQQZX  Sandy shore on bend in river, below house on hill, upstream of powerlines
(b) ¢ Offshore
LSCE1G -32c nnQHn QQ% Indeeper watecalO0 m off north side of Point Walter sandbar
LSCE2G B2 nnQmu QQX  Alongside seawall west of Armstrong Spit, Dalkeith
LSCE LSCE3G 32c nmQnnQQ3 Parallel to shoreline, running westwards from Beacon 45, Attadale
LSCE4G B2 nnQmy QQZY Indeep water of Waylen Bay, frooa50 m east of Applecross jetty
LSCESG Blc p Qo1 QQX Perpendicular to Como Jetty, running northwards
LSCE6G Blc pdQMH QQZY Ca20 m from, and parallel to, sandy shore on east side of Pelican Point
CE1G 32 nmQpy QQX Underneath Mount Henry Bridge, parallel to northern shoreline
CE2G 32 nmQny QQX Parallel to, and¢da20 m from, western shoreline of Aquinas Bay
CE CE3G B2 nmQn pQQX  To north of navigation markers, Aquinas Bay
CE4G 32c nmQny QQF Adjacent to Old Post Line (S8h end; Salter Point)
CE5G -32c 1 m Qwme XxOpiH (Adjacent to Old Post Line (Mfn end; Prisoner Point)
CE6G 32 nmQH N QQY Adjacent to Old Post Line, Shelley Water
MSE1G Blepy Qno QQ3  From jetty at Point Belches towards Mends St Jetty, Perth Water
MSE2G Blecpc QpT1T QQX Downstream of Windan Bridge, parallel to Burswood shoreline
MSE MSE3G Blcpc QHHQQZY Downstream from port marker, parallel to Joel Terrace, Maylands
MSE4G BlepTt QMo QQ3X  Parallel to shore from formdsoat shed jetty, Cracknell Park, Belmont
MSE5G BlcppQpT1 QQZX Parallel to southern shoreline, upstream of Garratt Road Bridge
MSE6G Blepp QHOo QQZX Parallel to eastern bank at Garvey Pk, from south of Ron Courtney Island
USE1G Blepp QmpQQ> Parallel to tredined eastern bank, upstream of Sandy Beach Reserve
USE2G BlepoQnuQQX  Along northern riverbankunning upstream from Bennett Brook
USE USE3G BlcpoQmc QQZX  Along northern bank on bend in river, to north of Lilac Hill Park
USE4G BlcpoQmT QQ3F  Along southern bank, downstream from bend at Ray Marshall Pk
USES5G 3lc pH QMo QQ3X  Running along northern bank, upstream from Sandalford winery jetty
USE6G Blc pH QMo QQ3X  Along southern shore adjacent to Midland Brickworks, from outflow pipe
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Appendix(ii). Desciptions of sampling angrocessing procedures

Nearshore sampling methods

il

On each sampling occasion, one replicate sample of the nearshore fish community is collected from each of
the fixed, nearshore sampling sites

Samplings not conducted during or within-% days following any significant flow event.

Nearshore fish samples are collected using a beach seine net that is 21.5 m long, comprises thomd.0 m
wings (6 m of 9 mm mesh andof 3 mm mesh) and a 1.5long bunt (3 mm meshgnd fishes to a depth

of 1.5 m

This net is walked out from the beach to a maximum depth of approximately 1.5 m and deployed parallel to
the shore, and is then rapidly dragged towards and onto the shore, so that it sweeps a roughly semicircular
area of approximately 116

If a seine net deployment returns a catch of fewer than five fish, an additional sample is performed at the
site (separated from the first sample by either 15 minutes or by2Q0n distance). In the event that more
than five fish are caught in the seconahsple, this second replicate is then used as the sample for that site
and those fish from the first sample returned to the water alive. If, howevér fiBh are again caught, the
original sample can be assumed to have been representative of the fish coitynpuesent and be used as

the sample for that siteThe fish from the latter samplare thenreturned alive to the water. The above
procedure thus helps to identify whether a collected sample is representative of the fish community present
and enables instances of false negative catches to be identified and eliminated.

Once an appropriate sample has been collected, any fish that may be readily identified to spectasge

larger species which are caught in relatively lower numbers) are counted and returned to the water alive.
All other fish caught in the nets are placed into-pk polythene bags, euthassd inanice slurry and
preserved on ice in eskies in the field, except in cases where large catchgbdusands) of small fish are
obtained. In such cases, an appropriate sample €.g.one half to one eighth of the entire catch) is retained
and the remaining fish are returned alive to the water. All retained fish are then bagged and frozen until their
identification in the laboratory.

Offshore sampling methods

1

On each sampling occasion, one replicate sample of the offshore fish community is collected from each of
the fixed, offshore sampling sites.

Samplings not conducted within & days following any significant flow event.

Offshore fish samples are collected usirgpaken, multimesh gill net that consists of eightr@dong panels

with stretched mesh sizes of 35, 51, 63, 76, 89, 102, 115 and 127 mm. These nets are digopéd
parallel to the bankjrom a boat immediately before sunset and retrieved after three hours

Given the time and labour associated with offshore sampling and the need to monitor the set nets for safety
purposes, a maximum of three replicate net deploymeatserformed within a single zone in any one night.

The three netaredeployed sequentially, and retrieved in the same order.

During net retrieval (and, typically, when catch rates are sufficiently low to allow fish to be removed rapidly
in the course of retrieval), any fishes that may be removed easily from the net are carefully removed,
identified, counted, recorded and returdeto the water alive as the net is pulled into the boat.

All other fish caught in the nets are removed once the net has been retrieved. Retained fish are placed into
ziplock polythene bags ianice slurry, preserved on ice in eskies in the field, and subsequently frozen until
their identification in the laboratory.
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Following their identification to the lowest possible taxon in the field or laboratory by fish specialists trained in fish
taxonomy, all assigned scientific and common names are checked and standardised by referencing the Checklist of
Australian Aquatic Bta (CAAB) database (Reefsal. on-line versior), and the appropriate CAAB species code is
allocated to each species. The abundance data for each species in each sample isiptuexethtabase for record

and subsequent computation of the biotic indices

Rees, A.J.J., Yearsley, G.K., Goelines, K. and PogonoskiCades for Australian Aquatic Biota {lme version).
CSIRO Marine and Atmospheric Research, World Wide Web electronic publication, 1999 onwards. Available at:
http://www.cmar.csiro.au/caab/Last accesse?d January2021.
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Appendix (iii). List of species caught from the Swan Canning Estuary, and their functional :guilds
D, Demersal; P, Pelagic; BP, Benthopelagic; SP, Small pelagic; SB, SmallM@&ntiarine straggler; MM, Marine
migrant; SA, Sendnadromous; ES, Estuarine species; FM, Freshwater migtBntZoobenthivore; PV, Piscivore; ZP,
Zooplanktivore; DV, Detritivore; OV, Omnivo@P Opportunist;HV,Herbivore Seebelow for a pictoriablepictionof the

guilds andPotter et al. (2015a); Whitfield et al. (202R) a full descriptiorand rationale.

Species name Common name Family Hab.|tat Estuarlrje Feedlng
Guild Use Guild  Mode Guild
Heterodontus portusjacksoni Port Jackson Shark Heterodontidae D MS ZB
Carcharhinus leucas Bull Shark Carcharhinidae P MS PV
Myliobatistenuicaudatus Southern Eagle Ray Myliobatidae D MS ZB
Elops hawaiensis Hawaiian Giant Herring Elopidae BP MS PV
Sardinops sagax Australian Sardine Clupeidae P MS ZP
Spratelloides robustus Blue Sprat Clupeidae SP MM ZP
Hyperlophus vittatus SandySprat Clupeidae SP MM ZP
Nematalosa vlaminghi Perth Herring Clupeidae BP SA DV
Sardinella lemuru Scaly Mackerel Clupeidae P MS ZP
Engraulis australis Australian Anchovy Engraulidae SP ES ZP
Galaxias occidentalis Western Galaxias Galaxiidae SB FM ZB
Carassius auratus Goldfish Cyprinidae BP FM ov
Cnidoglanis macrocephalus Estuary Cobbler Plotosidae D MM ZB
Tandanus bostocki Freshwater Cobbler Plotosidae D FM ZB
Hyporhamphus melanochir Southern Garfish Hemiramphidae P ES HV
Hyporhamphusegularis River Garfish Hemiramphidae P FM HV
Gambusia holbrooki Eastern Gambusia Poeciliidae SP FM ZB
Leptatherina presbyteroides Silver Fish Atherinidae SP MM ZP
Atherinomorus vaigiensis Common Hardyhead Atherinidae SP MM ZB
Atherinosomaelongaum Elongate Hardyhead Atherinidae SP ES ZB
Leptatherina wallacei Western Hardyhead Atherinidae SP ES ZP
Craterocephalus mugiloides Spotted Hardyhead Atherinidae SP ES ZB
Cleidopus gloriamaris Australian Pineapplefish Monocentrididae D MS ZB
Phyllopteryx taeniolatus Common Seadragon Syngnathidae D MS ZB
Hippocampus subelongatus West Australian Seahorse Syngnathidae D MS ZP
Urocampus carinirostris Hairy Pipefish Syngnathidae D ES ZP
Stigmatopora argus SpottedPipefish Syngnathidae D MS ZP
Stigmatopora nigra Widebody Pipefish Syngnathidae D MS ZB
Pugnaso curtirostris Pugnose Pipefish Syngnathidae D MS ZP
Vanacampus phillipi Port Phillip Pipefish Syngnathidae D MS ZB
Filicampus tigris Tiger Pipefish Syngnathidae D MS ZP
Gymnapistes marmoratus Soldier Tetrarogidae D MS ZB
Chelidonichthys kumu Red Gurnard Triglidae D MS ZB
Leviprora inops Longhead Flathead Platycephalidae =~ D MS PV
Platycephalus laevigatus Rock Flathead Platycephalidae =~ D MS PV
Platycephalus westraliae Yellowtail Flathead Platycephalidae D ES PV
Pegasus lancifer Sculptured Seamoth Pegasidae D MS ZB
Nannoperca vittata Western Pygmy Perch Percichthyidae BP FM ZB
Amniataba caudavittata Yellowtail Grunter Terapontidae BP ES OoP
Bidyanus bidyanus Silver Perch Terapontidae BP FM oV
Helotesoctolineatus Western Striped Grunter Terapontidae BP MM oV
Pelsartia humeralis Sea Trumpeter Terapontidae BP MS ov
Siphamia cephalotes Wood's Siphonfish Apogonidae BP MS ZB
Ostorhinchus rueppellii Western Gobbleguts Apogonidae BP ES ZB
Sillaginodes punctatus King George Whiting Sillaginidae D MM ZB
Sillago bassensis Southern School Whiting Sillaginidae D MS ZB
Sillago burrus Western Trumpeter Whiting  Sillaginidae D MM ZB
Sillago schomburgkii Yellowfin Whiting Sillaginidae D MM ZB
Sillago vittata Western School Whiting Sillaginidae D MM ZB
Pomatomus saltatrix Tailor Pomatomidae P MM PV
Trachurus novaezelandiae Yellowtail Scad Carangidae P MS ZB
Scomberoides tol Needleskin Queenfish Carangidae P MS PV
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Species name Common name Family Hab.|tat Estuarlpe Feedlng
Guild Use Guild  Mode Guild
Pseudocaranx georgianus Silver Trevally Carangidae BP MM ZB
Pseudocaranx wrighti Skipjack Trevally Carangidae BP MM ZB
Arripis georgianus Australian Herring Arripidae P MM PV
Pentapoduwitta Western Butterfish Nemipteridae BP MS ZB
Gerres subfasciatus Common Silverbiddy Gerreidae BP MM ZB
Acanthopagrus butcheri Black Bream Sparidae BP ES OoP
Rhabdosargus sarba Tarwhine Sparidae BP MM ZB
Argyrosomus japonicus Mulloway Sciaenidae BP MM PV
Parupeneus spilurus Blacksaddle Goatfish Mullidae D MS ZB
Neatypus obliquus Footballer Sweep Scorpididae P MS ZP
Scorpis aequipinnis Sea Sweep Scorpididae P MS ZP
Enoplosus armatus Old Wife Enoplosidae D MS ZB
Geophagubrasiliensis Pearl @hlid Cichlidae BP FM oV
Aldrichetta forsteri Yelloweye Mullet Mugilidae P MM oV
Mugil cephalus Sea Mullet Mugilidae P MM DV
Sphyraena novaehollandiae Snook Sphyraenidae P MS PV
Sphyraena obtusata Striped Barracuda Sphyraenidae P MS PV
Neoodax balteatus Little Weed Whiting Labridae D MS oV
Siphonognathus radiatus Longray Weed Whiting Labridae D MS ov
Haletta semifasciata Blue Weed Whiting Labridae D MS ov
Heteroscarus acroptilus Rainbow Cale Labridae D MS oV
Parapercis haackei Wavy Grubfish Pinguipedidae D MS ZB
Lesueurina platycephala Flathead Sandfish Leptoscopidae D MS ZB
Istiblennius meleagris Peacock Rockskipper Blenniidae D MS HV
Omobranchus germaini Germain's Blenny Blenniidae SB MS ZB
Parablennius intermedius Horned Blenny Blenniidae D MS ZB
Parablennius postoculomaculatt False Tasmanian Blenny Blenniidae SB MS ov
Petroscirtes breviceps Shorthead Sabretooth Blenny Blenniidae SB MS oV
Cristiceps australis Southern CrestetlVeedfish Clinidae D MS ZB
Pseudocalliurichthys goodladi  Longspine Dragonet Callionymidae D MS ZB
Eocallionymus papilio Painted Stinkfish Callionymidae D MS ZB
Callogobius mucosus Sculptured Goby Gobiidae SB MS ZB
Favonigobius lateralis SouthernLongfin Goby Gobiidae SB MM ZB
Nesogobius pulchellus Sailfin Goby Gobiidae SB MS ZB
Arenigobius bifrenatus Bridled Goby Gobiidae SB ES ZB
Pseudogobius olorum Bluespot Goby Gobiidae SB ES oV
Bathygobiuduscus DuskyfFrillgoby Gobiidae SB MM ZB
Callogobius depressus Flathead Goby Gobiidae SB MS ZB
Favonigobius punctatus Yellowspotted Sandgoby Gobiidae SB ES ZB
Afurcagobius suppositus Southwestern Goby Gobiidae SB ES ZB
Redigobius macrostoma Largemouth Goby Gobiidae SB ES ZB
Tridentiger trigonocephalus Trident Goby Gobiidae SB MS ZB
Pseudorhombus jenynsii Smalltooth Flounder Paralichthyidae D MM ZB
Ammotretis rostratus Longsnout Flounder Pleuronectidae D MM ZB
Ammotretis elongatus Elongate Flounder Pleuronectidae D MM ZB
Cynoglossus broadhursti Southern Tongue Sole Cynoglossidae D MS ZB
Acanthaluteres brownii Spinytail Leatherjacket Monacanthidae D MS oV
Acanthaluteres vittiger Toothbrush Leatherjacket Monacanthidae D MS oV
Eubalichthys mosaicus Mosaic Leatherjacket Monacanthidae D MS oV
Scobinichthys granulatus Rough Leatherjacket Monacanthidae D MS oV
Monacanthus chinensis Fanbelly Leatherjacket Monacanthidae D MM oV
Chaetodermis penicilligerus Tasselled_eatherjacket Monacanthidae D MS (0)Y]
Brachaluteres jacksonianus Southern Pygmy Leatherjacke Monacanthidae D MS (0)Y]
Meuschenia freycineti Sixspine Leatherjacket Monacanthidae D MM oV
Acanthaluteres spilomelanurus  Bridled Leatherjacket Monacanthidae D MM (0)Y]
Torquigener pleurogramma Weeping Toadfish Tetraodontidae BP MM OoP
Contusus brevicaudus Prickly Toadfish Tetraodontidae BP MS OoP
Polyspina piosae Orangebarred Puffer Tetraodontidae BP MS oP
Diodon nicthemerus Globefish Diodontidae D MS ZB
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Appendix (iv).Pictoraldesciptionof the habitat guildsusingspecies present ithe SwarCanning Estuanyith those
in bold depicted in the diagrams.

(a) Pelagic (b) Small pelagic

RN

Free-swimming species associated with the surface Pelagic species that reach < 15 cm total length as adults
or middle depths of the estuary

(c) Benthopelagic

Species that live the bottom as well as in midwaters and/or near the surface of the estuary

(d) Demersal Brownspotted Wrasse

Species that live on or near the bottom of the estuary

(d) Small benthic

Species that reach < 15 cm total length as adults that live on the bottom of the estuary
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Appendix (v) Pictorial descriptionsf the estuarine usguilds using species present in the Svizanning Estuary with
those in bold depicted in the diagrams.

(a) Marine straggler

Riverine environment
Yellowtail Scad

Spinytail Leatherjacket

Spotted Pipefish

Rock Flathead

Adults spawn at sea and individuals (adults and juveniles) typically enter estuaries sporadically and in low
numbers and are most common in the lower reaches where salinities typically do not decline far below
~35. Belong to populations in marine waters and are often stenohaline.

Estuarine environment

Marine environment

Riverine environment
Yelloweye Mullet

Tailor

Western Striped Grunter

Western Trumpeter Whiting

Estuarine environment

Marine environment

Regularly enter estuaries in substantial numbers, particularly as juveniles, but use, to varying degrees,
coastal marine waters as alternative nursery areas.

(c) Estuarine species: Species with populations where individuals complete their life cycles in the
estuary and includes species with the three life-history strategies below.

Solely estuarine

Riverine environment
Bridled Goby

Black Bream

Elongate Hardyhead

Yellowtail Flathead

Estuarine environment

Marine environment

Species found only in estuaries.

Estuarine & marine

Riverine environment

- . Gobbleguts
Estuarine environment Cobbler

Silverfish

Marine environment Southern Longfin Goby

Species also represented by marine populations.

Estuarine & freshwater

Riverine environment

Estuarine environment Western Hardyhead
Bluespot Goby

Marine environment Southwestern Goby

Species also represented by freshwater populations.
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(d) Semi-anadromous

Riverine environment

Estuarine environment

Marine environment

Perth Herring
Spawning run from the sea extends only as far as the upper estuary rather than into fresh water.

(e) Freshwater migrant: Species that spawn in freshwater estuary and includes species with the two
life-history strategies below.

Freshwater straggler

|
Riverine environment
Western Pygmy Perch
Western Galaxias
Freshwater Cobbler
Silver Perch*

Found in low numbers in estuaries and whose distribution is usually limited to the low salinity, upper
reaches of estuaries.

Marine environment

Freshwater estuarine-opportunist

Riverine environment
Pearl Cichlid*

Eastern Gambusia*

Goldfish*

River Garfish

Found regularly and in moderate numbers in estuaries and whose distribution can extend well beyond
the oligohaline sections of these systems.

Estuarine environment

Marine environment
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Appendix (vi).Pictorial descriptions of théeeding guilds using species present in the S@anning Estuary with
those in bold depicted in the diagrams.

(a) Herbivore (b) Detritivore

Graze predominantly on living macroalgal and Feed predominantly on benthic detritus,
macrophyte material or phytoplankton microphytobenthos and associated meiofauna
(c) Zooplanktivore (d) Zoobenthivore

N

R0\ ke TS R € o
v

Feed predominantly on zooplankton (e.g. planktonic Feed predominantly on invertebrates associated with
crustaceans, fish eggs/larvae) the substratum, including zoobenthos and hyperbenthos

(e) Omnivore (f) Opportunist

Feed predominantly on filamentous algae, macrophytes, Feed on a diverse range of abundant food sources and
periphyton, epifauna and infauna cannot be readily assigned to one functional group

(g) Piscivore

Feed predominantly on finfish but may include large nektonic invertebrates
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Appendix (V). (a) Total annual flow between 1971 and 2G¢hd (b) total monthly flowin 2023 and 202 compared

to longerterm averagest Walyunga orthe Swan River (gauging station 16401). Data fron8202 highlighted in
black in (a) ad asthe solid blackine in (b). Data recorded by the Department of Water and Environmental Regulation
and extracted fromhttps://wir.water.wa.gov.au/Pages/Wateinformation-Reporting.aspxData in 2024 current up

to 31 December2024.
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Appendix (¥ii). (a) Total annual flow betweet®9 and 202 and (b)total monthly flow in 203 and 202 compared

to longerterm averagest Seaforth on the Canning River (gauging station 16417). Data froBa2@Bighlighted in
black in (a) and abe solid blachine in (b).Data recorded by the Department of Water and Environmental Regulation
and extracted fromhttps://wir.water.wa.gov.au/Pages/Wateinformation-Reporting.aspxData in 2024 current up

to 31 December2024.
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Appendix(ix). A representativeselection of vetical contour plots of salinityppt), dissolved oxygen concentrations
(mg/L) Chlorophylfluorescencefg/L) and water temperature’C) measured at monitoring stations along the length
of the Swan Canning Estugisee mappn occasionshroughout the summer to autumn period dish community

sampling. Prepared by the Department of Biodiversity, @ Conservation and
(https://www.dbca.wa.gov.au/science/riverpaskonitoring).
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LSCE, MSE and USE zones in summer through auturgh 202
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12" February 202
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25" March 202
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CE zoe in summer through autumn 202
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Temperature (°C)

111213 14 1516 17 16 1920 21 2228 24 2526 27 2623 0 31 2 3

2 4 6 8
Distance From Ganning Bridge (km)



16" January 202

saL RV cASMID  KEN BAC Ks7 NIC ELL

salinity (ppt)

2048 5101214161620 222425282 32 4 38 38 90 42

Depth (m;

Dissolved Oxygen (mg/L) [ || |

12345678901 21UIEET

F-Chlorophyll (ng/L)

20 4D 60 8D 120160200 300400 400

Temperature (°C)

11213 14 1516 17 18 192021 2225 24 2526 27 228 0 31 2 B

2 4 6 8
Distance From Canning Bridge (km)

23 January 202

L RV CcASMID  KEN Bac KsT NIC ELL

Salinity (ppt)

248 8101214161820 222262330 32 34 38 38 0 42

o
. /\/\/\/
E
£
g
&4

s Dissolved Oxygen (mg/L) [ [ |

1234507188 0N ERMBEYT
A A
o

F-Chlorophyll (ug/L)

20 40 60 8D 120160200 300400> 400

Temperature (°C)

111213 14 1516 17 16 1920 21 2228 24 2526 27 2623 0 31 2 3

2 4 6 8
Distance From Ganning Bridge (km)



30" January2024

saL RV cASMID  KEN BAC Ks7 NIC ELL

salinity (ppt)

2048 5101214161620 222425282 32 4 38 38 90 42

Depth (i

Dissolved Oxygen (mg/L) [ ||

12345678901 21UIEET

F-Chlorophyll (ng/L)

20 4D 60 8D 120160200 300400 400

Temperature (°C)

11213 14 1516 17 18 192021 2225 24 2526 27 228 0 31 2 B

2 4 6 8
Distance From Canning Bridge (km)

6" February 202

L RV CcASMID  KEN Bac KsT NIC ELL

5 Salinity (ppt)

248 8101214161820 222262330 32 34 38 38 0 42

Depth (m)\

. Dissolved Oxygen (mg/L) !I |

23466785 1012114151017

. F-Chlorophyll (ug/L)

20 40 60 8D 120160200 300400> 400

Temperature (°C)

111213 14 1516 17 16 1920 21 2228 24 2526 27 2623 0 31 2 3

2 4 6 8
Distance From Ganning Bridge (km)

54



13" February 202

saL RV cASMID  KEN BAC Ks7 NIC ELL

. salinity (ppt)

2048 5101214161620 222425282 32 4 38 38 90 42

Depth (i

Dissolved Oxygen (mg/L) [ ||

12345678901 21UIEET

F-Chlorophyll (ng/L)

20 4D 60 8D 120160200 300400 400

. Temperature (°C)
h MR2UUIBEBIT RO 2R NBBTBDDN R
2 4 6 8 10 12 14
Distance From Canning Bridge (km)
t
205 February 202
scez s RV casD  KeN Bac Ks7 NI EL

Salinity (ppt)

248 8101214161820 222262330 32 34 38 38 0 42

Depth (m)\

5 Dissolved Oxygen (mg/L) !l

2346607883 0NEE

. F-Chlorophyll (ug/L)

20 40 60 8D 120160200 300400> 400

Temperature (°C)

111213 14 1516 17 16 1920 21 2228 24 2526 27 2623 0 31 2 3

2 4 6 8
Distance From Ganning Bridge (km)

55



27" February2024

saL RV cASMID  KEN BAC Ks7 NIC ELL

. salinity (ppt)

24858 0121416120224 52802HUBB DR

/_/\/\/\/

Dissolved Oxygen (mg/L) [ ||

12345678 90NR21BUIEBYT

& F-Chlorophyll (ng/L)

20 40 50 B0 120160200200 400> 400

Temperature (°C)

11213 14 151617 18 192021 2225 242526 27 2 290 31 2 B

2 4 6 8
Distance From Canning Bridge (km)

6" March 202

scez L RV CcASMID  KEN Bac KsT NIC ELL

Salinity (ppt)

2 88 8 101214161820 222 2628 30 32 4 36 3B 0 42

Depth (m)
5 .

Dissolved Oxygen (mg/L) [ [} | |

23466785 1011213115161

F-Chlorophyll (.g/L) ]

20 40 60 80 120160200200 400> 400

Temperature (°C) T

M2 BT BN 2R NS RN BBV N R

2 4 6 8
Distance From Ganning Bridge (km)



12 March 202

sca2

saL

salinity (ppt)

24858 1012141120 24528D2HBB DR

casmD

KEN

NIC

)

Depth (m)

Dissolved Oxygen (mgI/L)

/DVMW

123456789 0NR2RUIEBYT

F-Chlorophyll (ng/L)

20 40 60 8D 120160200 300 400> 400

Temperature (°C)

121314 151617 18 192021 22324252827 B DN W R B

19" March 202

6 8
Distance From Ganning Bridge (km)

57



