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FISH KILL , BIGGS AVE LAKE,
BEACHMERE , QLD, 30 MARCH TO 1 APRIL
20191 DESCRIPTION OF EVENTS

Prepared by:

Ben Diggles PhD

Prepared for:

Moreton Bay Regional Council andterested members of the
public

Coverphota Southeast edge of Biggs Ave Laled Beachmere osSundaymorning 31 March
2019, looking southfrom Site C towards the blocked inletige and modified natural
inlet/outletthat formerly connectethe laketo the adjacent wetland/mangrove area south of
Kunde StMany dead herring, yellowfin bream, tarwhine and giant herring are evident.
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Abbreviations and Acronyms

AHD Australian height daturh a value 0f0.00 = mean sea levédr period 19661968.

BCF Boating Camping Fishing

BoM Bureau of Meteorology

DNA deoxyribonucleic acid@l geneticmaterial

DO dissolved oxygen

H.S hydrogen sulphide

LSU large ribosomal subunit

MBRC Moreton Bay Regional Council

mg/L milligrams per litre (1 mg/L is equivalent to 1 paer million)

PCR polymerase chain reactidnamolecular biology process to make multiptepies of
a DNA sequence

ppm parts per million (1 ppm is equivalent to 1 milligranr pee)

ppt parts per thousand (freshwateDippt salinity, seawater is 3fpt salinity)

TL total length

Version control

First draft 7 April 2019
Final report(including CSIRO dafa 29 June 2019
Disclaimer:

DigsFish Services have taken all reasonable care #gdrdie to ensure the information contairie this report is
accurate at the time of publicatioiowever this reporis offeredas general advice onlywe do notwarrant the
accuracy of the information contained within and accept no liability for esg/dodamage that may resdiobm
relianceon this information
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Executive Simmary

For the second time in 10 years, a large fishhdsoccurred ina lake westof Biggs Ave at Beachmere
in western Moreton BayResidentsiearthe lake observed fish exhilnig abnormal behaviourstarting
around25-27 March 2019 with one or twofish deathgeportedaroundThursdayFriday 28-29 March.
Early on Saturday 30 March the author was alerted to a major fish kill event, and upon arriving at the
lake at 8.30AM | found many thousands of fighf various spdes already deadand many more
moribund fish ging at the lake edgesghile exhibiting signs ofrespiratory distress. Gross examination
of several dyingfish failed to detecparasitic diseases that can sometirhesassociated with multi
species fish kiB. Instead measurements of dissolved oxyd&®0O) found thatlake waterwasdown to
lessthan 5% oxygen saturation (0.34 mg/L) in many places alontakieeedges This is an extremely
low oxygen levelthat is aautely lethal tovirtually all species of ihfish. The lake water waalso
emittinga hydrogensulphidelike smell and was showingdjscolouration in the form of green and brown
plumes associated with at least two different types of dlgaanobacteri®)in the water column.

Over the next two alysthe number of fish deaths increaskdmaticallyto exceed an estimated 54,000
(30 species)asDO levels remained below.5% (0.6 mg/L) in the mornirsgincreasing onhbriefly to
20% saturation (1.4 mg/L) irhé southerrparts of the lake immediatelyadjacent to supplemental
aeratorsduring thelate afternooron Sunday31 March Fish gecies affected included commercially
importantsea mullet, yellowfin bream, whitingind flathead, recreationally iconic sgfish such as
mangrove jack, giant herringiant queenfishPacific tarpon, estuary cod and milkfish, as welhasd
crabs, prawnandan estimated 35,000+ baitfish including herring, glass perchlets and silver biddy.

Supplemental aerat®were concentragd at the southern end of the lake Mpreton Bay Regional
Council (MBRC) stafffrom early Saturday 30 Mardb try to form an oxygn refuge fosurviving fish
This appeared to work to a limited extent watverage DO increasing (up to 30% saturation omw2.)

in this small area bynid-afternoonon Monday 1 April, resulting irseveral hundred larger surviving
fish beingattracted tathis location for subsequertvacuabn by local residents, recreational fishers
OzFish Unlimited volunteerand MBRC workes. However, significant increases in DO exe not
measured in angtherarea of the lakentil a450mmwaterinlet/outletpipe at he SE corner of the lake
was unblocked on Monday afternoon, allowing seawater-emter the lake on the next two subsequent
high tides (Monday night and Tuesday mag), which lead to DO readings of 38% (20-3.8 mg/L)
being recordedh the southernra of the lakeby the morning of Tuesday 2 AprilBy the morning of
Wednesday 3 AprilDO in the southern part of the laked improved to 780% (5.55.7 mg/L)
redwing to 6570% (4.34.7 mg/L) at the northern end. iSlestimated 9+% fish kill wasthus due to
DO depletion froman algal bloom caused by a lack of tidal flushitige to blockage of the inlet pipe.

Clearly, by the numbers of fish affectedhis lake functions as an importanhursery area fomany
socioeconomially important fish speciess well asa significantupper tidalideep poofish refuged
habitatof regional importanceHowever recent engineering workave isolated the lake from nearby
wetlards, trapping adult fish (which do not swim through pipes) and making it vulnerablehtdifis
events whenever the engineered pipe infrastructure feeding watedfmom the lake is compromised
(by blockages ejc In order toreducethe risk of future fish kills in the lake it is recommended that
MBRC engineers work closely with fish biology and fishbitat experts to redesign thoiginal
entrance/exit of the lake to-sstablistaturalconnectivity and fislpassage with wetlands to the south.
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Figure 1. Map showng location of the lake west of Biggs Ave, Beachmergand the sites on the
lake where water samples and other observations were made during the March/April 2019 fish
kill .
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1.0 Introduction

Thereareseveralwetland areas in the vicinityf Deception Bayandthe Caboolture Rivedrainage sub
basin which provide vital fish habitat for comrarcialy and recreationbl important fisheries in
northernMoreton Bay.Part of this system islake around $0 meters longd5 meters wideand65,000
m? in volumethatlies west of Biggs Ave at Beachmerehichis classifiedby the Queensland Watid
Programa s aaustringé system (e.g. a lake defined agia wetlandor deepwater habitat situated in a
topographic depression or a dammed river chhnimcluding areas where emergent perennial
vegetation has less than 30% areal covajage

The wetland areawest of Biggs Ave (heeafter called Beachmere Lake) has been modiéed
deepenedver the pash0 years during the development of Beachm(geee Sedbn 6.0) until today it is
operatedy the Moreton Bay Regional Council (MBR@ho describe it aafimanmadel a kwbich is
now supplied with seawater through a single 450 mlat/outlet pipe while beig used as @rainage
and sedimentation basfior neaby urban development$MBRC 201Q KBR 201Q. Lake levels are
adjusted usinghe nathern outlet weir set at 0-0.6 meters AHD.One previousmajor fish event
occurred in Beachmere Lake November 2009.Ealy pressspeculation athat timeimplicated fihigh
wate temperaturesasa potential cause of the fish kifter a long period of hot dry weathégwever
my personal investigations found theater temperatures were not abnormallyhi(28-29°C) ard tha
instead the fish likely died due to ehainof evens following pumping of large quantities ¢ifyposaline
anoxicgroundwater into the lake fromn construction sitéor a sewage pumpout statiadjacent to the
south end of the lak@iggles2009). In my profesional opinion(which wassupportedat the timeby
the State Government fish pathologist Roger Chong)high levels ofhydrogen sulphideH,S) and
ammonia in the groundwatevere sufficient to explain not only the observed reduction oxygen
levelsin the lake, but also the deathsmény housand®f fishesin it from low dissolved oxygen (DO)
exacerbated bgmmonia and/ohydrogen sulphidéoxicity (Diggles 2009)Unfortunately the relevant
samples of fistorgans and tissuagquired toproperly imestigate tht November 2009 fishikk were
neverprovided by the MBRC to the State Government fisdease/pathologhaboratory for analysis,
contrary to guidelineand recommendatiorset out by state and national fish kill investigatmanués
(DEH 1998 Nowak et al. 2005Figure 3, soanfiofficial caus@ for the event was not determined

The epidemiology of theNovember 2009ish kill wasthusvery different to a much smaller fish Kkill
observedn Beachmere Laka few nmonths later on Tuesgl® February 2010, which was described by
engineering consultats KBR as an algal bloom event caused by two types of algae following a period
of rainfall (MBRC 2010, KBR 2010). Based on information gathered during the second mimkitl fis
event(again,apparentlywithout examination of fish pathologanples by aqualified state Government

fish pathologist) a decision was made to install an aeration system to prevent stratification from
occurring in the lakéo e n s u r avheh disolved dixygen conceations drop to low levels at night,
remixing of the deoxygented zone can be achieved relatively quickly (within 8 Hotinsough
aeratiordo (MBRC 2010, KBR 2010).Presumably based on confidence in #féicacy of the aeration
systemand reliable functioimg of the piped water supply inimd out ofthe leke, once he construction

of the sewerage pumpout station was completdditional works were undertaken at the south end of
the lake, which included reprofiling and raising the ioréd) lake entrance wh a concretespillway area

1 hitps://wetlandhfo.des.qgld.gov.au/atic/pdf mapgv4.0/wetlandgile-100k-brisbane. pdf
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that allows water(onceit exceed 0.8 meters AHD}o reverseflow back unér Kunde St deliberately

eliminaing natural water flonand connectivityith the wetland to the south (see Sectdd).

Despite these various engiering modifications, early on Seday 30" March 2019l was informed by
local residentghat another catastrophic fish kilas occurring in Beachmere Lak&y 8.30 am that

day| attended thaite of the killand returnedor the next several daymtil Wednesday 3 Apriin order
to conduct @& independentterativefish kill investigation(Figure 2)by examining and samplinthe

water andaquaticanimalsaffected,to measure ltangesto key water quality parameters during the

course of the fish killto assist MBRC where possible witbvéce tohelp themmanage the eventand
to help the local community save surviving fishAlso, given the escalag frequencyof fish kill events
in water bodies which enter north western Moreton Bay in recent yealsding another kill everi2
weeks earlier in the Cabodlre River starting around 18 March 201@nd thetendencyby local
t hem

aut hor

i ties

and

medi a

t o

pass

of f

as

Anat ur

proper pathological and efg#miological assessment by aquatiinzal heath expert$, | also undertook
this investigatiornto provide a professional opinion as a qualified aquatic animal health speaciatist

nearly 30 years international experientze help local residents and theBRC understandhe likely
cause ofthis unfortunateevert, in the hope that management of the lakel its surroundsan be
doesnodt
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Figure 2. The normal iterative fish kill investigation process.

2 https://www.sunshinecoastdaily.com.au/news/anofistr-kill -beachmere/1 & 91/
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2.0 Methods

Locations for water sampling and fish exanmations

Water from Beachmere Lakevas sampled for temperatuf®), salinity (parts per thousand or ppt), and
dissolved oxygen (DO in % saturation and mgdtyip to 10different locations on the edges of the lake
(SitesA-H, and 1, la) and also in thetmal watercourse (8e 0) immediately south of Kunde St
(Figure 1). The quality of water obtained from the Caboolture River and Beachmere Beach by
volunteers who were rescuing fish was also sampled opportunisticahstoe that it was suitable for
rescued fish The dats ard times each water sample was taken are shown in Appendix 1. At the time
water samples were taken, any dead and moribund fish nearby were grossly examined and
representative photographs were takémlying and dead fish in order tssess theange offish and
shellfish species affected, and allogirospectiveestimation of the number of individual fiskiof each
species that were killed during the event.

Water sampling equipment

Water DO, tempeature and salinity were measuredt all sites using a YsI 85
DO/temperature/salinity/conductivitsneter A refractive salinometewas used to double check and
confirm theaccuracy of thesalinity measurements from the YSI 85 probe. Water temperature was
recordedto the nearesd.1°C and alinity to the neares0.1 ppt. On Tuesday 2 April water pH was
measured at Site 1 withcauncil workesdHoriba U50 series multiparameter water quality meter.

Water samples were also collected using clean capped vials or jars to ekarmalgae. Jars were
placed 1620 cm urderwder and tle lids were removed to allow water to enter the jar, then the cap was
closed. Watewastaken from sites 1, A and D (Figuredn 30 and 31 Marcto collectsampleof the

algae visibly blooming ate time (Figures 34, 5). Some sapleswerefixed on ste to preserve algal
morphology by adding glutaraldehyde to water samples to an approximate concentration of 1%, or by
adding ethanol to achieve a concentration @% ethanol for later molecular alysis of the algae if
required. Rpresatative sample®f unfixed water were also obtained and transported to the laboratory
for immediate examination under a compound microsaip®00x and 1000x magnificatiamsing a
NeubaueHaemocytometefor examingion of algalcell morphology an@stimaes ofalgalcel density.

Samples of ethanol fixed wateontaining green or brown coloured algaere stored at 4°C forl

month before beingent toDr. Anusuya Willisat CSIRO Hobart (AustralianNational Algae Culture
Collection for molecular analysis. The ethanol fixed sample were filtered througha 0.2 um
polycarbonate filteand DNA was extracted using a modified phenol/chloroform extractiQuantity

of raw DNA extracted wad.58 ngll (green sample) and47.8 mg/ul (brown sample) TheDNA was

cleaned using Ampure XP beadsd PCRwas undertaken usingrimer setsfor 16S Cyanobacterja
Phycocyanin CyanobactergadLSU (UniversalEukaryoteprimers.

Fish sampling

At most sitesaround the laket various timed handled andclosely examinedlive, maribund and
freshly ded fish of various speciedncluding yellowfin bream(Acanthopagrus australs tarwhine
(Rhabdosargussarbg, mullet Mugil cephalu3, mangrove jack L{utjanus argentimaculatds Indo-
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Pacific tapon (Megalops cyprinoidgs brown spotestuary cod Epinephéus coioide}, milkfish
(Chanos changs giant herring Elops australi}, silver javelinfish Pomadasysrgenteu¥ and others.
Representativbiopsysampes of gills, skin, liver, kidneyspleerand heart were taken frotwo species
of moribund fish (souhern herring Kerklotsichthys castelnaun = 3 6.57 cm TL), and spotted scat
(Scatophagus argusn =1, 27.5 cm T and ixed in 10% neutral buffered formalin for later
microscopic analysig required

Weather information

Information on rinfall, air emperatures, wind speed and direction for the month of March 2019 and
including April 1-3 were obtainedrom the Bureau of Mteorology(BoM) website, and are included in
Appendix 2.
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3.0 Fish kill description
3.1 Fish behaviour

Upon ariving at Beachmere akeat 8.30 AM on Saturday 30 Mar@019 my inspection of the lake
margins foundseverathousands ofish of various speeis already dead, and many more moribund fish
dying at the lake edgedhelake water wasliscoloured an@miting a ®nspicuous hyegen sulphide
like smell Benthic (bottom dwelling) species such as dusky flathéddtycephalus fumig and
estuarine sinefish Synanceia horridawere mostly alreadydead, while thousands @iredatory and
foraging midwater speces of cenmercial and ecreational importance including yellowfin bream
(Acanthopagrus australjs tarwhine Rhabdosargus sarBa silver biddy Gerres subfasciatuls
mangrove jack l(utjanus argentimaculatyis giant hering (Elops australiy and silver javiinfish
(Pomadasys amnteu3 (amongst many othérsvere moribund and exhibiting signs of respiratory
distressas they lay ortheir sidesin waterless than 10 cm deefschools of severalurfaceschooling
species sth as southern herrinddérklotsichthyscastehaui), glass prchlet Ambassis mariangisand
sea mullet Mugil cephalu¥ weredisplayingabnormal behaviour such aswlewimming near theake
edges with their mouths out of the waser they attempted to latheat the air/water interfaceMost
dead fsh on the bottm at the lake edgedied with their mouthsopen displaying the typicgbost
mortem agonal gagpnouth pog&ion open)of fish that die from oxygen depletion

3.2 Fish diseases and water quality

Gross examination of several dying fislidd to detect paratic diseasege.g. the ciliateCryptocaryon
irritans, or copepodCaligus epidemicyghat can sometimesebassociated with miiHspecies fish kills.
The multispecies nature of the fish kill rdleutmostof the hostspecificdiseasedisted on Australid s
list of notifiablediseases of finfistBesides the unusual smell, tladke water waslsoshowingunusial
discolouration inthe form of green and broweolouredplumes associated with at ledsto different
types of algaen the waer column (Figures 3, 4, 5) Measurements of dissolved oxygen (DO) found
that lake water was down to lessh 5% oxygen satuiah (0.34 mg/L)at many sites around the lake
edges (Figure 6) Thisis an extremely low oxygen level that is adyifethal © most species of finfish.

Over the next two days the number of fish deaths increased dramatically to excstunated 54,000
individual fish of more thar30 speciegTable 1)as DO levels remaaud below 7.5% (0.6 mg/L) in the
mornings, inceasing onlybriefly to 20% saturation (1.4 mg/L) in the southern parts of the lake,
immediately adjacent to supplemdnd@rators during thiate afternoon on Sunday 31 Marg@Figures

6, 7, Appendix 1) The spplemental aerators were concentrated at thehern endof the lake by
MBRC staff from early Saturday 30 March to try to form an oxygen refuge for survivingTiigs.
appeared to worko a limited extenbut could not raise oxygen levels significanpiesumablydueto

high oxygen demand from thdgal bloom Unfortunately,the aerators were removéy MBRC on
Sunday nighdue to a shift changegiving volunteerfi s h r es c ule rfso calns@iiMepdayipr i s e
morning1 April with many large fishes beg rescued from Site &fter they were foundaspingat the
surfacenear thelake edgesdue tolow overnight oxygen levels Overall, several hundred larger
fibr oodsdt dishkof various espcies wereevacuagd by local residents, recreational fishers,
OzFishUnlimited volunteers and MBRC workegsee Apendx 3). It was noted that the symptoms of
respiratory distress abated and fish recovered quickly after placingitib@mwater contaimg normal
oxygen content.
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Figure 3. Beachmere Lakeviewed from Site D at 10AM on 30 March 2019 Two different algae
are evident a greenish alga€G) closest to camera, and a brown algae on the far side of the lake.

G

Figure 4. Beachmere Lake viewed fom Site 1a at 11 AM on 30 March 2019Aerators displace
the brown algae which is on the surface, while the green gde (G) is visble further to the north.
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