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Abbreviations and Acronyms 

 

AHD Australian height datum ï a value of 0.00 = mean sea level for period 1966-1968. 

BCF Boating Camping Fishing 

BoM Bureau of Meteorology 

DNA deoxyribonucleic acid ï genetic material 

DO  dissolved oxygen 

H2S  hydrogen sulphide 

LSU large ribosomal subunit 

MBRC Moreton Bay Regional Council 

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

PCR polymerase chain reaction ï a molecular biology process to make multiple copies of  

 a DNA sequence 

ppm parts per million (1 ppm is equivalent to 1 milligram per litre) 

ppt parts per thousand (freshwater is 0 ppt salinity, seawater is 35 ppt salinity) 

TL total length 
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Executive Summary 

For the second time in 10 years, a large fish kill has occurred in a lake west of Biggs Ave at Beachmere 

in western Moreton Bay. Residents near the lake observed fish exhibiting abnormal behaviours starting 

around 25-27 March 2019, with one or two fish deaths reported around Thursday/Friday 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 8.30 AM I found many thousands of fish of various species already dead, and many more 

moribund fish dying at the lake edges while exhibiting signs of respiratory distress.  Gross examination 

of several dying fish failed to detect parasitic diseases that can sometimes be associated with multi-

species fish kills.  Instead, measurements of dissolved oxygen (DO) found that lake water was down to 

less than 5% oxygen saturation (0.34 mg/L) in many places along the lake edges.  This is an extremely 

low oxygen level that is acutely lethal to virtually all species of finfish.  The lake water was also 

emitting a hydrogen sulphide-like smell and was showing discolouration in the form of green and brown 

plumes associated with at least two different types of algae (cyanobacteria ?) in the water column.   

Over the next two days the number of fish deaths increased dramatically to exceed an estimated 54,000 

(30 species) as DO levels remained below 7.5% (0.6 mg/L) in the mornings, increasing only briefly to 

20% saturation (1.4 mg/L) in the southern parts of the lake, immediately adjacent to supplemental 

aerators during the late afternoon on Sunday 31 March.  Fish species affected included commercially 

important sea mullet, yellowfin bream, whiting, and flathead, recreationally iconic sportfish such as 

mangrove jack, giant herring, giant queenfish, Pacific tarpon, estuary cod and milkfish, as well as mud 

crabs, prawns and an estimated 35,000+ baitfish including herring, glass perchlets and silver biddy. 

Supplemental aerators were concentrated at the southern end of the lake by Moreton Bay Regional 

Council (MBRC) staff from early Saturday 30 March to try to form an oxygen refuge for surviving fish. 

This appeared to work to a limited extent with average DO increasing (up to 30% saturation or 2 mg/L) 

in this small area by mid-afternoon on Monday 1 April, resulting in several hundred larger surviving 

fish being attracted to this location for subsequent evacuation by local residents, recreational fishers, 

OzFish Unlimited volunteers and MBRC workers. However, significant increases in DO were not 

measured in any other area of the lake until a 450mm water inlet/outlet pipe at the SE corner of the lake 

was unblocked on Monday afternoon, allowing seawater to re-enter the lake on the next two subsequent 

high tides (Monday night and Tuesday morning), which lead to DO readings of 30-58% (2.0-3.8 mg/L) 

being recorded in the southern end of the lake by the morning of Tuesday 2 April.  By the morning of 

Wednesday 3 April, DO in the southern part of the lake had improved to 75-80% (5.5-5.7 mg/L), 

reducing to 65-70% (4.3-4.7 mg/L) at the northern end.  This estimated 95+% fish kill was thus due to 

DO depletion from an algal bloom caused by a lack of tidal flushing, due to blockage of the inlet pipe. 

Clearly, by the numbers of fish affected, this lake functions as an important nursery area for many 

socio-economically important fish species, as well as a significant upper tidal ñdeep pool fish refugeò 

habitat of regional importance. However recent engineering works have isolated the lake from nearby 

wetlands, trapping adult fish (which do not swim through pipes) and making it vulnerable to fish kill 

events whenever the engineered pipe infrastructure feeding water to-and-from the lake is compromised 

(by blockages etc).  In order to reduce the risk of future fish kills in the lake, it is recommended that 

MBRC engineers work closely with fish biology and fish habitat experts to redesign the original 

entrance/exit of the lake to re-establish natural connectivity and fish passage with wetlands to the south.  
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Figure 1.  Map showing location of the lake west of Biggs Ave, Beachmere, and 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  

There are several wetland areas in the vicinity of Deception Bay and the Caboolture River drainage sub-

basin which provide vital fish habitat for commercially and recreationally important fisheries in 

northern Moreton Bay. Part of this system is a lake around 450 meters long, 45 meters wide and 65,000 

m3 in volume that lies west of Biggs Ave at Beachmere, which is classified by the Queensland Wetland 

Program as a ñlacustrine systemò (e.g. a lake defined as ña wetland or deepwater habitat situated in a 

topographic depression or a dammed river channel, including areas where emergent perennial 

vegetation has less than 30% areal coverageò). 1 

The wetland area west of Biggs Ave (hereafter called Beachmere Lake) has been modified and 

deepened over the past 50 years during the development of Beachmere (see Section 6.0) until today it is 

operated by the Moreton Bay Regional Council (MBRC) who describe it as a ñman-made lakeò which is 

now supplied with seawater through a single 450 mm inlet/outlet pipe while being used as a drainage 

and sedimentation basin for nearby urban developments (MBRC 2010, KBR 2010).  Lake levels are 

adjusted using the northern outlet weir set at 0.4-0.6 meters AHD. One previous major fish event 

occurred in Beachmere Lake in November 2009.  Early press speculation at that time implicated ñhigh 

water temperaturesò as a potential cause of the fish kill after a long period of hot dry weather, however 

my personal investigations found that water temperatures were not abnormally high (28-29°C) and that 

instead, the fish likely died due to a chain of events following pumping of large quantities of hyposaline 

anoxic groundwater into the lake from a construction site for a sewage pumpout station adjacent to the 

south end of the lake (Diggles 2009).  In my professional opinion (which was supported at the time by 

the State Government fish pathologist, Dr Roger Chong), high levels of hydrogen sulphide (H2S) and 

ammonia in the groundwater were sufficient to explain not only the observed reductions in oxygen 

levels in the lake, but also the deaths of many thousands of fishes in it from low dissolved oxygen (DO) 

exacerbated by ammonia and/or hydrogen sulphide toxicity (Diggles 2009). Unfortunately, the relevant 

samples of fish organs and tissues required to properly investigate that November 2009 fish kill were 

never provided by the MBRC to the State Government fish disease/pathology laboratory for analysis, 

contrary to guidelines and recommendations set out by state and national fish kill investigation manuals 

(DEH 1998, Nowak et al. 2005, Figure 2), so an ñofficial causeò for the event was not determined. 

The epidemiology of the November 2009 fish kill  was thus very different to a much smaller fish kill 

observed in Beachmere Lake a few months later on Tuesday 2 February 2010, which was described by 

engineering consultants 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 minor fish kill 

event (again, apparently without examination of fish pathology samples by a qualified state Government 

fish pathologist), a decision was made to install an aeration system to prevent stratification from 

occurring in the lake to ensure that ñwhen dissolved oxygen concentrations drop to low levels at night, 

remixing of the deoxygenated zone can be achieved relatively quickly (within 8 hours) through 

aerationò (MBRC 2010, KBR 2010).  Presumably based on confidence in the efficacy of the aeration 

system and reliable functioning of the piped water supply into and out of the lake, once the construction 

of the sewerage pumpout station was completed, additional works were undertaken at the south end of 

the lake, which included reprofiling and raising the original lake entrance with a concrete spillway area 

                                                     
1 https://wetlandinfo.des.qld.gov.au/static/pdf-maps/v4.0/wetlands-tile-100k-brisbane.pdf 

https://wetlandinfo.des.qld.gov.au/static/pdf-maps/v4.0/wetlands-tile-100k-brisbane.pdf
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that allows water (once it exceeds 0.8 meters AHD) to reverse flow back under Kunde St- deliberately 

eliminating natural water flow and connectivity with the wetland to the south (see Section 5.0). 

Despite these various engineering modifications, early on Saturday 30th March 2019 I was informed by 

local residents that another catastrophic fish kill was occurring in Beachmere Lake.  By 8.30 am that 

day I attended the site of the kill and returned for the next several days until Wednesday 3 April in order 

to conduct an independent iterative fish kill investigation (Figure 2) by examining and sampling the 

water and aquatic animals affected, to measure changes to key water quality parameters during the 

course of the fish kill, to assist MBRC where possible with advice to help them manage the event, and 

to help the local community save surviving fish.  Also, given the escalating frequency of fish kill events 

in water bodies which enter north western Moreton Bay in recent years (including another kill event 2 

weeks earlier in the Caboolture River starting around 18 March 2019), and the tendency by local 

authorities and media to pass them off as ñnatural eventsò caused by ñhigh water temperaturesò without 

proper pathological and epidemiological assessment by aquatic animal health experts2, I also undertook 

this investigation to provide a professional opinion as a qualified aquatic animal health specialist with 

nearly 30 years international experience to help local residents and the MBRC understand the likely 

cause of this unfortunate event, in the hope that management of the lake and its surrounds can be 

adjusted to make sure it doesnôt happen again. 

 

Figure 2. The normal iterative fish kill investigation process. 

                                                     
2 https://www.sunshinecoastdaily.com.au/news/another-fish-kill -beachmere/1187791/ 

https://www.sunshinecoastdaily.com.au/news/another-fish-kill-beachmere/1187791/
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2.0 Methods 

Locations for water sampling and fish examinations 

Water from Beachmere Lake was sampled for temperature (°C), salinity (parts per thousand or ppt), and 

dissolved oxygen (DO in % saturation and mg/L) at up to 10 different locations on the edges of the lake 

(Sites A-H, and 1, 1a) and also in the natural water course (Site 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 opportunistically to ensure that it was suitable for 

rescued fish.  The dates and 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 taken of dying and dead fish in order to assess the range of fish and 

shellfish species affected, and allow retrospective estimation of the number of individual fishes of each 

species that were killed during the event.   

Water sampling equipment 

Water DO, temperature and salinity were measured at all sites using a YSI 85 

DO/temperature/salinity/conductivity meter.  A refractive salinometer was used to double check and 

confirm the accuracy of the salinity measurements from the YSI 85 probe. Water temperature was 

recorded to the nearest 0.1°C and salinity to the nearest 0.1 ppt. On Tuesday 2 April water pH was 

measured at Site 1 with a council workersô Horiba U50 series multiparameter water quality meter. 

Water samples were also collected using clean capped vials or jars to examine for algae.  Jars were 

placed 10-20 cm underwater and the lids were removed to allow water to enter the jar, then the cap was 

closed.  Water was taken from sites 1, A and D (Figure 1) on 30 and 31 March to collect samples of the 

algae visibly blooming at the time (Figures 3, 4, 5).  Some samples were fixed on site to preserve algal 

morphology by adding glutaraldehyde to water samples to an approximate concentration of 1%, or by 

adding ethanol to achieve a concentration of >60% ethanol for later molecular analysis of the algae if 

required.  Representative samples of unfixed water were also obtained and transported to the laboratory 

for immediate examination under a compound microscope at 500x and 1000x magnification using a 

Neubauer Haemocytometer for examination of algal cell morphology and estimates of algal cell density. 

Samples of ethanol fixed water containing green or brown coloured algae were stored at 4°C for 1 

month before being sent to Dr. Anusuya Willis at CSIRO Hobart (Australian National Algae Culture 

Collection) for molecular analysis.  The ethanol fixed samples were filtered through a 0.2 um 

polycarbonate filter and DNA was extracted using a modified phenol/chloroform extraction.  Quantity 

of raw DNA extracted was 158 ng/µl (green sample), and 47.8 ng/µl (brown sample).  The DNA was 

cleaned using Ampure XP beads and PCR was undertaken using primer sets for 16S Cyanobacteria, 

Phycocyanin Cyanobacteria and LSU (Universal Eukaryote primers). 

Fish sampling 

At most sites around the lake at various times I handled and closely examined live, moribund and 

freshly dead fish of various species, including yellowfin bream (Acanthopagrus australis), tarwhine 

(Rhabdosargus sarba), mullet (Mugil cephalus), mangrove jack (Lutjanus argentimaculatus), Indo-
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Pacific tarpon (Megalops cyprinoides), brown spot estuary cod (Epinephelus coioides), milkfish 

(Chanos chanos), giant herring (Elops australis), silver javelinfish (Pomadasys argenteus) and others.  

Representative biopsy samples of gills, skin, liver, kidney, spleen and heart were taken from two species 

of moribund fish (southern herring (Herklotsichthys castelnaui, n = 3, 6.5-7 cm TL), and spotted scat 

(Scatophagus argus, n = 1, 27.5 cm TL) and fixed in 10% neutral buffered formalin for later 

microscopic analysis if required. 

Weather information 

Information on rainfall, air temperatures, wind speed and direction for the month of March 2019 and 

including April 1-3 were obtained from the Bureau of Meteorology (BoM) website, and are included in 

Appendix 2.  
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3.0 Fish kill  description 

3.1 Fish behaviour 

Upon arriving at Beachmere Lake at 8.30 AM on Saturday 30 March 2019, my inspection of the lake 

margins found several thousands of fish of various species already dead, and many more moribund fish 

dying at the lake edges.  The lake water was discoloured and emitting a conspicuous hydrogen sulphide-

like smell.  Benthic (bottom dwelling) species such as dusky flathead (Platycephalus fuscus) and 

estuarine stonefish (Synanceia horrida) were mostly already dead, while thousands of predatory and 

foraging midwater species of commercial and recreational importance including yellowfin bream 

(Acanthopagrus australis), tarwhine (Rhabdosargus sarba), silver biddy (Gerres subfasciatus), 

mangrove jack (Lutjanus argentimaculatus), giant herring (Elops australis), and silver javelinfish 

(Pomadasys argenteus) (amongst many others) were moribund and exhibiting signs of respiratory 

distress as they lay on their sides in water less than 10 cm deep. Schools of several surface schooling 

species such as southern herring (Herklotsichthys castelnaui), glass perchlet (Ambassis marianus) and 

sea mullet (Mugil cephalus) were displaying abnormal behaviour such as slow swimming near the lake 

edges with their mouths out of the water as they attempted to breathe at the air/water interface.  Most 

dead fish on the bottom at the lake edges died with their mouths open displaying the typical post 

mortem agonal gasp (mouth position open) of fish that die from oxygen depletion. 

3.2 Fish diseases and water quality 

Gross examination of several dying fish failed to detect parasitic diseases (e.g. the ciliate Cryptocaryon 

irritans, or copepod Caligus epidemicus) that can sometimes be associated with multi-species fish kills.  

The multispecies nature of the fish kill ruled out most of the host-specific diseases listed on Australiaôs 

list of notifiable diseases of finfish. Besides the unusual smell, the lake water was also showing unusual 

discolouration in the form of green and brown coloured plumes associated with at least two different 

types of algae in the water column (Figures 3, 4, 5).  Measurements of dissolved oxygen (DO) found 

that lake water was down to less than 5% oxygen saturation (0.34 mg/L) at many sites around the lake 

edges (Figure 6).  This is an extremely low oxygen level that is acutely lethal to most species of finfish. 

Over the next two days the number of fish deaths increased dramatically to exceed an estimated 54,000+ 

individual fish of more than 30 species (Table 1) as DO levels remained below 7.5% (0.6 mg/L) in the 

mornings, increasing only briefly to 20% saturation (1.4 mg/L) in the southern parts of the lake, 

immediately adjacent to supplemental aerators during the late afternoon on Sunday 31 March (Figures 

6, 7, Appendix 1).  The supplemental aerators were concentrated at the southern end of the lake by 

MBRC staff from early Saturday 30 March to try to form an oxygen refuge for surviving fish. This 

appeared to work to a limited extent but could not raise oxygen levels significantly presumably due to 

high oxygen demand from the algal bloom.  Unfortunately, the aerators were removed by MBRC on 

Sunday night due to a shift change, giving volunteer fish rescuers an ñApril foolsò surprise on Monday 

morning 1 April with many large fishes being rescued from Site 1 after they were found gasping at the 

surface near the lake edges due to low overnight oxygen levels.  Overall, several hundred larger 

ñbroodstock sizedò fish of various species were evacuated by local residents, recreational fishers, 

OzFish Unlimited volunteers and MBRC workers (see Appendix 3).  It was noted that the symptoms of 

respiratory distress abated and fish recovered quickly after placing them into water containing normal 

oxygen content. 
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Figure 3.  Beachmere Lake viewed from Site D at 10 AM  on 30 March 2019. Two different algae 

are evident, a greenish algae (G) closest to camera, and a brown algae on the far side of the lake. 

 

Figure 4.  Beachmere Lake viewed from Site 1a at 11 AM on 30 March 2019. Aerators displace 

the brown algae which is on the surface, while the green algae (G) is visible further to the north.
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