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Executive Summary 

On 3 March 2013 PIRSA Fishwatch received a report of dead fish washed up on a 
beach near Port Neill on Eyre Peninsula. This was the first of a series of fish deaths 
which continued through March and into April. Reports were received as far west as 
Coffin Bay through to the south east of the State. The majority of fish mortality reports 
came from Spencer Gulf and Gulf St Vincent. Initially the fish mortalities occurred on the 
western side of the gulfs, reflecting on the prevailing winds. In late March, following a 
significant change in wind direction mortalities began to appear on beaches in the 
metropolitan area of Adelaide. A large fish kill began overnight on 29 March and 
mortalities continued to be reported through most of April although the event of 29 
March was by far the most extensive.  Accordingly, the State Government established a 
multi-agency government team to analyse the spate of fish and marine animal deaths 
occurring along many parts of the State’s coastline. 

The first report of a dead dolphin was received on 4 March. By the end of the month 15 
dead dolphins had been reported. One was a common dolphin, the rest were bottlenose 
dolphins. All collected animals were neonates, juveniles or sub-adults. To the end of 
April, 27 dolphin deaths were reported in the Gulf St Vincent area.  

When the first reports of dead fish were received PIRSA began site visits to collect 
water and fish samples where possible and collate available climatic data. Climatic data 
centered on sea surface temperature, wind strength, wind direction and possible 
sources of nutrients. South Australian Research and Development Institute (SARDI) 
Aquatic Sciences provided a report on physical and biological oceanographic conditions 
relevant to these events. Wind data were sourced from the Australian Bureau of 
Meteorology and satellite imagery was sourced from “Buoyweather” and the National 
Aeronautics and Space Administration (NASA). Satellite images related to sea surface 
temperature and surface chlorophyll a concentrations, which indicate the presence of 
algae in surface waters. Water samples and phytoplankton samples were collected by 
SARDI Aquatic Sciences at sites adjacent to and south of the metropolitan area of 
Adelaide and other locations where fish deaths occurred.  
 
Water samples identified the presence of a diatom (Chaetoceros) which attaches to gill 
rakes and causes inflammation and destruction of gill function. 
 
No single water quality or pollution point source was responsible for such a 
geographically extensive series of events. The normal operation of the desalination 
plant was not a factor in the fish kill or dolphin mortalities. 
 
The majority of fish affected were small-bodied benthic species, with degens 
leatherjackets the most numerous fish reported during the kill, likely due to their 
substantial population abundance in South Australian gulf waters.  
 
Pathology observations in fish showed high water temperature and harmful algae 
as the primary cause of the fish deaths, which led to some weaker fish becoming  
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susceptible to bacterial infection. These infections were primarily in the gills and 
manifest as inflammation and subsequent gill damage.  
 
Only a small proportion of affected fish resulted in instantaneous mortality. The 
observations of small-bodied fish being affected, abnormal behavior and bleeding gills 
during the fish kill is consistent with the effects of harmful algae. Fish pathology was 
also consistent with the effects of high water temperatures and harmful algae, which led 
to blocking of gill rakes and fish deaths.  
 
The first tests on dolphins showed that many had a fungal infection of the lung or brain 
and internal parasites known as nematodes. The fungus detected is part of the natural 
environment and does not normally cause disease in healthy animals. If animals are 
immuno-suppressed for any reason, this fungus can take hold and cause illness or 
death. Similarly, nematodes are parasites that usually thrive when an animal is not well 
and its immune system is compromised. So, whilst fungus and parasites were 
implicated in the dolphin deaths, it seemed that something else was suppressing the 
immune system of these animals, predisposing them to these secondary conditions. 
Pathology samples from dolphins showed that a virus infection was responsible in a 
number of the dolphins. Of the first six samples examined, six were positive for dolphin 
morbillivirus infection.  All animals were neonates or juvenile and five of the six had 
been collected from metropolitan beaches (Sellicks Beach, West Beach, Grange, 
Seacliff and North Haven). The sixth had come from Stansbury on Yorke Peninsula. 

Dolphin Morbillivirus is in a family of viruses which includes the virus that causes 
measles in humans, distemper in dogs and rinderpest in ruminants. It is the conclusion 
of this investigation that the morbillivirus caused the immune suppression which allowed 
the fungal and parasite infections to thrive.  

The morbillivirus was the underlying cause of death in all cases and in some 
cases it was the primary cause. The prevalence of young animals in the reports is not 
surprising, as the very young (and the very old) are generally more susceptible to 
infection by a wide variety of pathogens. 

There is a possibility that small numbers of dolphin deaths could be ongoing due 
to this virus. 

While occurring at the same time the actual cause of death was different for the 
fish and dolphins. The mortalities were, however the result of environmental 
stress associated with unseasonally warm waters and the consequent change in 
water quality on a regional scale.  
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1 Introduction 

On 3 March PIRSA Fishwatch received a call from a member of the public describing a 
fish kill event near Port Neill, Eyre Peninsula. It was reported that a large number of 
small (50 – 60mm) leatherjackets were found dead on a 5-10 km stretch of beach south 
of Port Neill. Fish were in various stages of decomposition suggesting that the mortality 
had occurred over several days. 

On 6 March, dead fish along the western side of Gulf St Vincent were reported. The 
pattern of mortalities was similar to those in Spencer Gulf. 

On 20 March, a cool change reached South Australia with very strong westerly winds 
which persisted for 24 hours. Within the next two days dead fish began appearing 
along the metropolitan foreshore of Adelaide. 

On 29 March reports from members of the public indicated that a fresh series of fish 
mortalities had occurred. Fish were found along the foreshore from Aldinga to Hallet 
Cove. PIRSA also received reports of schools of small fish floating as far as 8 nautical 
miles offshore. 
 
On 4 March 2013, there was a report of a dead juvenile dolphin at Middleton. Within the 
next ten days, two other deaths, including another juvenile, were reported; this time on 
Kangaroo Island. The Kangaroo Island reports were for Indo Pacific bottlenose dolphins 
or inshore bottlenose dolphins (the Middleton dolphin was recorded as a common 
dolphin).. South Australian dolphins predominantly breed in the first quarter of the year 
and neonatal deaths do occur.  
 
Over the next week, four more dolphin deaths were reported from Kangaroo Island, 
Middleton and suburban Adelaide beaches. They were predominantly Indo Pacific 
bottlenose dolphins and all were young animals. SA Museum records for the period 1 
March to 19 April 2011 show eleven dolphin death reports for the entire state in that 
period, and only two of those in Gulf St Vincent. 

A number of hypotheses researching the deaths were floated, with the coincidence of 
the dolphin deaths and fish kills an obvious one to be explored.  
 
By the end of March, fifteen dead dolphins had been reported and twelve had been 
collected. One was a common dolphin, the rest were bottlenose dolphins. All collected 
animals were neonates, juveniles or sub-adults. Over the following weeks, to the end of 
April, twenty seven dolphin deaths were reported (not all confirmed, not all collected) in 
the Gulf St Vincent area.  

In mid-March, DEWNR and the South Australian Museum began collecting information 
on dolphin deaths and, shortly after, this was formalised and involvement in the Inter-
Agency Marine Life Deaths Working Group investigation commenced. 
 
The South Australian Museum routinely collects and post mortems all dolphins and 
whales washed up on the South Australian coastline (where they can be retrieved). One 
of the first three dolphins reported dead was able to be collected and transported frozen 
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to the Museum for later routine necropsy (an autopsy on animals). At around the same 
time, Australian Marine Wildlife Rescue and Rehabilitation Organisation (AMWRRO) 
reported it had collected 2 dead bottlenose dolphins and, with the University of Adelaide 
Veterinary School, undertook post-mortems on those animals. 

By mid-late March, reports were made of dolphin deaths from outside the Gulf St 
Vincent area (two each in Spencer Gulf and the South East). These reports take the 
total number of reported deaths to thirty-one (state-wide) to the end of April.1 

 Given the situation, the Government announced the establishment of a multi-agency 
Government team. The team was charged with the task of analysing and reporting on 
the most likely cause or causes of the mortalities for both fish and marine mammals. 

PIRSA also received reports of wild abalone mortalities in the Southern Zone Abalone 
Fishery, around Port Macdonell and South End in the SE of the state. Abalone 
mortalities are not unusual during summer as abalone are sensitive to heat stress.  
Samples were analysed to ensure that the mortalities were not related to a novel virus 
and to confirm that the deaths were caused by above average water temperatures. 

This report documents the findings of the task force. 

 
2 The Environment 
 
2.1 Response / Investigations 
 
Many fish mortality events around the world have been related to unusual 
environmental conditions, such as alterations to water temperature or water quality 
resulting from a change in climatic conditions. Additionally, increased water 
temperatures combined with increased levels of nutrients in the water may fuel the 
development of algal blooms which may also result in fish mortalities. Whilst small scale 
mortality events may be related to point source events, large scale events are far more 
commonly related to conditions across the entire area of the event. 

When the first reports of dead fish were received Biosecurity SA began to collect 
climatic data and where possible water samples.  
 
Climatic data centered on sea surface temperature, wind strength, wind direction and 
possible sources of nutrients likely to have developed from an upwelling event. South 
Australian Research and Development Institute (SARDI) Aquatic Sciences provided a 
report on physical and biological oceanographic conditions relevant to these events. 
Wind data were sourced from the Australian Bureau of Meteorology and satellite 
imagery was sourced from “Buoyweather” and the National Aeronautics and Space 
Administration (NASA). Satellite images related to sea surface temperature and surface 
concentrations of chlorophyll a, which indicate the presence of algae in surface waters. 
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Water samples were collected opportunistically at remote locations. Water samples and 
phytoplankton samples were methodically collected by SARDI Aquatic Sciences at sites 
adjacent to and south of the metropolitan area of Adelaide.  
 
2.2  Results 
 
2.2.1 SARDI Aquatic Sciences Oceanography Report 
 
This report confirmed that during 4-14 March 2013, the southern region of Australia was 
subject to a sustained heat wave.  This heat wave was the likely driver of the 3-5oC 
increase in sea surface temperature (SST) of South Australia’s gulfs (Appendix 1) with a 
likely reduction in oxygen levels in the water. Chlorophyll concentrations in the water, 
over the same period, appeared consistent with previous years. 
 

2.2.2 Meteorological data 

Wind strength and direction data were compiled for Cape Willoughby as most 
representative of conditions near the entrance to both gulfs. The attached wind rose 
(Appendix 2) shows a predominance of south easterly winds for the period 14 February 
to 31 March 2013.  

Analysis of the raw data shows winds shifting to the south east quadrant on 18 February 
and persisting from this quadrant for all observations until 22 February. Winds returned 
to the south east quadrant on 24 February and persisted for all observations bar 2 hours 
until 3 March. Both these periods were conditions which were conducive to ocean 
upwelling events. 

The attached image from Buoyweather shows cold upwelling water stretching from near 
the SA / Victoria border past Cape Jaffa and towards Kangaroo Island. This is a strong 
upwelling of some 300km in length extending from 50 to 100 km out to sea.  

Blue shading close to the west end of Kangaroo Island and Eyre Peninsula is indicative 
of upwelling. However, due to the width of the continental shelf in the latter sites 
upwelled water takes longer to reach the surface than in the SE. Closer analysis of the 
water near Port Lincoln indicates that upwelled water was in fact detected across much 
of lower Eyre Peninsula from Kangaroo Island across the shelf break and into the lower 
part of Spencer Gulf. 
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There is little doubt that the strong upwelling event provided significant nutrients to 
support the growth of marine algae. The attached photograph was taken from a tuna 
spotting plane flying between Port Lincoln and Kangaroo Island on 6 March. It shows 
extensive areas of a scum- like substance which is very likely a blue green alga known 
as Trichodesmium. This species of blue green alga, once growing has the ability to 
absorb nitrogen from the air so is not reliant on nutrients from the water column. It is 
also favoured by warm, calm conditions and elevated water temperatures.  

 

Aerial Photo of algae between Port Lincoln and Kangaroo Island  (D Tressider) 

 

2.2.3 Chlorophyll satellite imagery (courtesy National Aeronautics and Space 
Administration – NASA) 

Additional satellite imagery was sourced from NASA Satellite data and analysed by 
PIRSA Spatial Information Services, to look for changes in chlorophyll concentrations 
over the period of the fish kill events (Appendix 3). 

The first image 6 – 13 March shows elevated chlorophyll adjacent Eyre Peninsula on 
lower Spencer Gulf and adjacent Yorke Peninsula in lower Gulf St Vincent. 
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These bands of chlorophyll increased over the period 14 – 21 March, coinciding with the 
second week of the extended heat wave.  Late on 20 March the winds changed 
direction to blow strongly from the western quadrant. This meant that they blew directly 
across both gulfs and onshore to the metropolitan area of Adelaide. Strong winds 
persisted for over 24 hours, noticed by many members of the public when large wracks 
for seagrass were blown onto the metropolitan foreshore. These winds also had the 
effect of shifting surface waters from the western side of the gulfs to the eastern side. 

The corresponding image shows a reduction in chlorophyll on the western side of the 
gulfs and the image for the period 30 march to 6 April shows elevated chlorophyll 
adjacent the metropolitan area of Adelaide. The main fish kill in the metropolitan area 
started overnight on the 29 March and continued into the first week of April. 

2.2.4 Water samples 

2.2.4.1SASQAP Analysis 

The South Australian Shellfish Quality Assurance Program (SASQAP) specialises in 
water analysis for a range of algal species. While the focus of this program is to ensure 
that farmed shellfish (oysters and mussels) are fit for human consumption SASQAP has 
developed expertise in algal taxonomy. Accordingly it was employed to look at 
phytoplankton samples collected at several different sampling locations including the 
Adelaide metropolitan coastline (Appendix 4). 

Water samples collected adjacent Adelaide during April showed a predominance of 
diatoms in the samples.  

2.2.4.2 SARDI Report on water quality and phytoplankton ecology 

Sampling took place on two occasions, at the 10 m depth contour at each station (see 

Table 1 for sampling dates and station co-ordinates).  Triplicate water samples were 

collected from 1-2 m depth.  From each replicate, 100 ml was filtered through a 0.45 µm 

filter for macro-nutrient analysis, 1 L was retained for pigment analysis, and 1 L was 

fixed for enumeration and identification of phytoplankton taxa (Appendix 5). 

Table 1:  Station locations and sampling dates. 

 

 

 

 

 

 

  Location Sampling date 

Station Latitude (S) Longitude (E) 3/04/2013 19/04/2013 

West Beach 34° 57.734' 138° 28.862' √   

Port Stanvac 35° 05.331' 138° 28.789' √ √ 

Port Noarlunga 35° 08.724' 138° 27.551' √ √ 

Maslin Beach 35° 13.911' 138° 27.750'   √ 

Sellicks Beach 35° 18.596' 138° 26.236'   √ 

Myponga Beach 35° 22.085' 138° 23.104'   √ 

Carrickalinga 35° 24.757' 138° 19.327'   √ 
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The phytoplankton community composition appeared typical.  Most of the potentially 
harmful/toxic phytoplankton species identified in samples were found rarely and at very 
low concentrations (i.e. not at levels likely to cause a major fish mortality event).  The 
exception is Chaetoceros spp.  Certain species of this diatom have been reported to 
cause significant fish-kills at concentrations of ~5,000 cells L and have been known to 
cause sub-lethal effects (gill damage and stress) in fish at abundances as low as 400 
cells L-1 leading to secondary bacterial infections. One species with barbed setae was 
identified. Chaetoceros cf. coarctatus was found in abundances of between 200 and 
2,000 cells L-1, high enough to cause irritation for fish, leaving them potentially 
susceptible to secondary infections.   

2.2.4.3 The diatom Chaetoceros coarctatus. 

Chaetoceros is probably the largest genus of marine planktonic diatoms with 
approximately 400 species described. Diatoms of the Genus Chaetoceros are 
distinguished by the presence of spines, known as setae on the protective armour of the 
cell. Some Chaetoceros species have barbed setae which can cause the cells to 
become lodged in the gills of fish. 

 

Chaetoceros coarctatus detected in water samples along the metropolitan Adelaide Coastline in April 2013 
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2.3 Summary 

During March and April 2013 the marine waters around South Australia experienced a 
number of unusual conditions. Principal among these was the onset of abnormally high 
air temperatures for the first part of March, resulting in high sea water temperatures. 
Elevated water temperatures were detected across both gulfs and much of the ocean 
waters, as far west as Fowlers Bay and reaching east to Bass Strait.  

A strong upwelling event in early March helped initiate the growth of a range of micro-
algae including blue green algae and diatoms which have been known to be harmful to 
fish species. Ongoing warm weather supported the growth of micro algae. Weather 
conditions changed around 20 March with strong winds blowing surface waters to the 
east and impacting along the metropolitan coast of Adelaide.  

Water samples confirmed the presence of a diatom, Chaetoceros coarctatus. This 
diatom has spines (barbed setae) over its outer structure which are known to lodge in 
the gills of fish leading to gill inflammation and eventually death. This diatom was 
detected in water samples along the entire Adelaide metropolitan coastline. 

3 Fish mortalities  

3.1 Chronology of events 

PIRSA received reports of fish mortalities in the Port Neill area (Spencer Gulf). There 
were reports of numerous small leatherjackets which had been washed ashore. This 
report was received by PIRSA on the 3 March 2013 and was quickly investigated by 
PIRSA staff. Photos were taken of the area and samples which were fresh were 
collected to be sent off for pathology results. Due to the condition of many of the 
samples and the length of time the fish were onshore, the pathology results were 
inconclusive due to post mortem bacterial growth. 

Following on from the 3 March report, PIRSA Fishwatch received numerous reports of 
fish kills throughout Gulf St Vincent, mainly focusing on the lower metropolitan beaches. 
Each of these reports was attended by Biosecurity SA staff and where possible fresh 
samples were taken for analysis. 

The majority of the species for each of the fish mortality events consisted of small 
bodied territorial reef species (majority of which were leatherjackets). There were 
reports of small numbers of Snapper and King George Whiting being washed up on 
beaches.  
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Date Fish Kill Reports - Locations Type 

3/03/2013 Pt Neill Fish 

3/03/2013 Cowell Fish 

3/03/2013 Port Lincoln  Fish 

17/03/2013 Moonlight Bay Fish 

17/03/2013 West Lakes Shore/Tennyson  Fish 

18/03/2013 Port Vincent  Fish 

21/03/2013 Christies Beach Fish 

22/03/2013 Seaford Beach Fish 

28/03/2013 Hallett Cove  Fish 

31/03/2013 Moana beach Fish 

1/04/2013 Aldinga Beach Fish 

3/04/2013 Yorke peninsula Fish 

6/04/2013 Port Hughes Fish 

7/04/2013 Point Turton/Point Souttar Fish 

8/04/2013 Stansbury Fish 

11/04/2013 Outer Harbour - Offshore Fish 

16/04/2013 Parson's Beach Fish 

 

Table 1. Dates and locations for fish mortality reports. Fish mortalities on nearly all occasions consisted of a majority 

of leatherjackets with a mix of other shallow water reef species 

   Date Water Sample Location 

 3/04/2013 Pt Noarlunga, jetty 

 3/04/2013  Pt Noarlunga, boat 

 3/04/2013 West beach 

 3/04/2013 Pt Stanvac 

 16/04/2013 Troubridge Shoal 

 19/04/2013 Pt Stanvac 

 19/04/2013 Pt Noarlunga 

 19/04/2013 Maslins 

 19/04/2013 Sellicks beach 

 19/04/2013 Myponga beach 

 19/04/2013 Carrickalinga 

  

Table 2. Locations where PIRSA staff collected water samples to determine algal content. 
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Map 1. Reported Fish Mortality locations 

3.2 Underwater surveys 

Dive Surveys were undertaken to assess fish health. As the majority of affected species 
appeared to be reef species, dives were targeted at reefs in several reportedly affected 
locations. 

Wednesday 3 April – Port Noarlunga jetty 

Divers undertook a visual survey of the jetty and inshore reef area. 

Fish populations appeared diverse and generally healthy. Only one fish (a Hulafish, 
Trachinops spp) out of 99 samples collected was observed demonstrating any 
symptoms (behavioral – swimming erratically). This specimen was collected for further 
analysis. 
 
Friday 19 April – Port Noarlunga jetty 

Divers undertook a visual survey of the jetty and inshore reef area. 
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Fish populations appeared highly diverse and healthy. No symptomatic fish were 
observed. 

Friday 19 April – Hallet Cove 

Divers undertook a visual survey of the inshore reef area. 

Whilst only a few species were observed, fish populations appeared healthy. No 
symptomatic fish were observed. 

Friday 19 April – Glenelg (the blocks) 

Divers undertook a visual survey in the vicinity of the blocks at Glenelg. 

Fish populations appeared highly diverse and healthy. No symptomatic fish were 
observed. 

3.3 Diagnostic investigations 

3.3.1 Fish 

All samples collected and submitted to Gribbles Veterinary Pathology (State animal 
health laboratory). Many samples were too decomposed (post-mortem artefacts) for 
adequate analyses, which is a common issue during wild fish kills. However, at least 
seven fish were obtained as dying (moribund) or fresh dead, and were deemed 
adequate for analyses by pathologists (e.g. low or no post-mortem artefacts).  

Samples were analysed via histopathology and bacterial culture (Appendix 6). 

3.3.2 Abalone 
 
Abalone mortalities are not unusual during the summer months and are observed 
annually. (Appendix 6). Abalone are highly susceptible to increases in water 
temperature and diagnostic testing was undertake to investigate any possible 
connection to the fish kill.  

Mortality of wild abalone was being reported to PIRSA in the Southern Zone Abalone 
Fishery (SZAF), with mortalities subsequently observed in the Western Zone Abalone 
Fishery (WZAF) on 22 April, 2013. Samples were collected throughout the mortality 
event and submitted to Gribbles pathology (State animal health laboratory).  

Samples were analysed using histopathology, bacterial culture and polymerase chain 
reaction (PCR). Samples for PCR were sent to the Australian Animal Health Laboratory 
(AAHL), Geelong, to rule out abalone viral ganglioneuritis (AVG). 
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3.3.3 General summary  
 
3.3.3.1 Fish 
 
Prolonged stress (likely temperature related) and physical gill damage were observed in 
fish. This would have impeded respiratory physiology of fish, compromised the immune 
system ultimately exposing some weaker fish (e.g. age, parasite load) to the secondary 
(lethal) bacterial infection also observed. Indeed diver and underwater video 
observations found that only a small percent of fish populations were affected.  
 
The higher than normal temperatures (at the limit of some fish’s physiological tolerance) 
and harmful (abrasive) algae (e.g. Chaetoceros coarctatus) that were recorded during 
the fish kill can lead to the types of pathologies observed in fish samples. Infectious 
agents or pathogens were not detected in fish samples. 
 
4.  Dolphin Mortalities 

On 4 March 2013, there was a report of a dead juvenile dolphin at Middleton. Within the 
next ten days, two other deaths, including another juvenile, were reported; this time on 
Kangaroo Island. The Kangaroo Island reports were for Indo Pacific Bottlenose 
Dolphins also called Inshore Bottlenose Dolphins; the Middleton dolphin was recorded 
as a Common Dolphin). South Australian dolphins predominantly breed in the first 
quarter of the year and, like any species, neonatal deaths do occur.  

Over the next week, four more dolphin deaths were reported from Kangaroo Island, 
Middleton and suburban Adelaide beaches; predominantly Indo Pacific bottlenose 
dolphins and all were young animals. SA Museum records for the period 1st March to 19 
April 2011 show eleven dolphin death reports for the entire state in that period, and only 
two of those in Gulf St Vincent. 

. A number of hypotheses were considered, with the coincidence of the dolphin deaths 
and fish kills an obvious one to be explored.  

By the end of March, fifteen dead dolphins had been reported statewide. Two were 
Common Dolphins, the rest were Bottlenose Dolphins. Almost all were neonates or 
juveniles. Over the following weeks, to the end of April, thirty one dolphin deaths were 
reported from across the State (not all confirmed, not all collected) 2, with twenty seven 
of the reports from the Gulf St Vincent area. The Gulf St Vincent locations (confirmed 
and/or collected) are shown in the map below.  

                                                           
2
 At the time of writing this report, examination and testing of the animals from outside the Gulf St Vincent had not 

been undertaken. Results from these animals will be posted on the DEWNR website when completed.  
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In mid-March, DEWNR and the South Australian Museum began to collaborate more 
closely to collect information on dolphin deaths and, shortly after, this was formalised 
and involvement in the Inter-Agency Marine Life Deaths Working Group investigation 
commenced. 

The South Australian Museum routinely collects and post mortems all dolphins and 
whales washed up on the South Australian coastline (when they can be retrieved). One 
of the first three dolphins reported dead was able to be collected and transported frozen 
to the Museum for later routine necropsy (an autopsy on animals). At around the same 
time, Australian Marine Wildlife Rescue and Rehabilitation Organisation (AMWRRO) 
reported it had collected 2 dead Bottlenose Dolphins and, with the University of 
Adelaide School of Animal and Veterinary Sciences (University of Adelaide Veterinary 
School), undertook post-mortems on those animals. 
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4.1 Dolphin mortalities conclusions 

Stomach contents of dolphins were analysed by the Cawthron Institute in New Zealand, 
a world leader in algal toxicity and no algal toxins were detected (Appendix 7). 

It can be stated with confidence that six Indo-Pacific Bottlenose Dolphins died following 
an outbreak of dolphin Morbillivirus, with secondary infections (due to compromised 
immune systems, probably caused by the Morbillivirus) also implicated (Appendix 8). 
Similarities in post-mortem observations for a larger number of animals (where tests are 
still pending) indicate that further positive results for dolphin Morbillivirus can be 
expected.   Affected dolphins were almost entirely young animals. 

5 Port Stanvac Desalination Plant 

During March and April various inferences were made in the public arena that the fish 
kill events were directly caused by the Port Stanvac Desalination Plant, due to either a 
discharge of brine (or low salinity water) or due to reductions in dissolved oxygen either 
discharged directly from the plant or through chemical interactions on the seafloor.  

The desalination plant is required to undertake comprehensive salinity monitoring at the 
seafloor around the diffuser, in addition to frequent dissolved oxygen monitoring. 
The EPA has assessed all available data from the plant including the salinity and 
dissolved oxygen measurements. All data has shown that the plant's discharge was 
compliant with its license conditions at all times and SA Water have advised that there 
were no activities undertaken at the site that may have introduced any additional 
pollutants into the discharge outside of their license conditions. Compliance criteria and 
licence conditions were set based on the best available review of the best available data 
in order to provide a high level of environmental protection. 

Literature cited 

Albright L.J., Yang C.Z. and Johnson S. (1993) Sub-lethal concentrations of the harmful diatoms, 

Chaetoceros concavicornis and C. Convolutes, increase mortality rates of penned Pacific salmon. 

Aquaculture 117. 215-225. 

APHA-AWWA-WPCF 1998a. Method 4500-NH3-I. Standard methods for the examination of water and 

wastewater. L. S. Clesceri, A. E. Greenberg and A. D. Eaton. Washington, American Public Health 

Association: pp. 4-111. 

APHA-AWWA-WPCF 1998b. Method 4500-NO3-I. Standard methods for the examination of water and 

wastewater. L. S. Clesceri, A. E. Greenberg and A. D. Eaton. Washington, American Public Health 

Association: pp. 4-121. 

APHA-AWWA-WPCF 1998c. Method 4500-PG. Standard methods for the examination of water and 

wastewater. L. S. Clesceri, A. E. Greenberg and A. D. Eaton. Washington, American Public Health 

Association: pp. 4-149. 

APHA-AWWA-WPCF 1998d. Method 4500-SiO2-F. Standard methods for the examination of water and 

wastewater. L. S. Clesceri, A. E. Greenberg and A. D. Eaton. Washington, American Public Health 

Association: pp. 4-169. 



17 
 

Hallegraeff, G. M. (2002) Aquaculturalists' Guide to Harmful Australian Microalgae. School of Plant 
Science, University of Tasmania, Hobart. 

Hasle, G. R. and Syvertsen, E. E. (1997). Marine Diatoms. In Identifying Marine Phytoplankton. Academic 

Press, San Diego, USA. 

Stolte, W., T. McCollin, A.A.M. Noordeloos, and R. Riegman (1994). Effect of nitrogen source on the size 

distribution within phytoplankton populations. Journal of Experimental Marine Biology and Ecology 184: 

83-97. 

Stolte, W., and R. Riegman (1995). Effect of phytoplankton cell size on transient state nitrate and 

ammonium uptake kinetics. Microbiology 141: 1221-1229. 

Stolte, W., and R. Riegman (1996). A model approach for size-selective competition of marine 

phytoplankton for fluctuating nitrate and ammonium. Journal of Phycology 32: 732-740. 

Van Heukelem, L. and Thomas, C. S. (2001). Computer-assisted high-performance liquid 

chromatography method development with applications to the isolation and analysis of phytoplankton 

pigments. Journal of Chromatography A, 910: 31 – 49. 

van Ruth, P. D. (2010) Adelaide desalination project plankton characterisation study, prepared for 

Adelaide Aqua. SARDI Publication. South Australian Research and Development Institute (Aquatic 

Sciences), Adelaide. SARDI Publication No. F2010/000378-1. SARDI Research Report Series No. 487. 

39 pp. 

van Ruth, P.D. (2012) Adelaide Desalination Project Plankton Characterisation Study – Phase 2. 

Prepared for Adelaide Aqua. South Australian Research and Development Institute (Aquatic Sciences), 

Adelaide. SARDI Publication No. F2010/000378-2. SARDI Research Report Series No. 606. 40pp. 

Albright L.J., Yang C.Z. and Johnson S. (1993) Sub-lethal concentrations of the harmful diatoms, 

Chaetoceros concavicornis and C. Convolutes, increase mortality rates of penned Pacific salmon. 

Aquaculture 117. 215-225. 

Brusle J. (1995) The impact of harmful algal blooms on fish – mortality, pathology and toxicology. 

IFREMER, France. ISBN 2-905434-64-3 

Currie DR, Dixon CD, Roberts SD, Hooper GE, Sorokin SJ & Ward TM 2011. Relative importance of 

environmental gradients and historical trawling effort in determining the composition and distribution of 

benthic macro-biota in a large inverse estuary. Fisheries Research 107: 184-195. 

Mitchell S, Rodger H (2007) Pathology of wild and cultured fish affected by a Karenia mikimotoi bloom in 

Ireland, 2005. Bull Eur Assoc Fish Pathol 27:39–42 

Munday B.L and Jaisankar C. (1998). Post-mortem changes in the fills of rainbow trout (Oncorhynchus 

mykiss) in freshwater and seawater. Bull. Eur. Ass. Fish Pathol. 18(4) 127. 

Pearce, A., Lenanton, R., Jackson, G., Moore, J., Feng, M. and Gaughan, D. 2011. The “marine heat 

wave” off Western Australia during the summer of 2010/11. Fisheries Research Report No. 222. 

Department of Fisheries, Western Australia. 40pp. 

Powell M.D., Leef M.L., Roberts S.D. and Jones M.A. (2008) Review: Neoparamoebic Gill Infections: Host 

Response and Physiology in Salmonids. J. Fish Biol. 73(9): 2161-2183. 



18 
 

Roberts, S.D and Powell, M.D. (2003). Comparative ionic flux and gill mucous cell histochemistry: effects 

of salinity and disease status in Atlantic salmon (Salmo salar L.). Comp. Biochem. Physiol. 134(A): 525-

537. 

Rodger H.D., Henry L. And Mitchell S.O. (2010). Non-infectious gill disorders of marine salmonid fish. 

Rev. Fish Biol. Fisheries, Springer online journal: DOI 10.1007/s11160-010-9182-6  

Saber T.H. (2011) histological adaptation of thermal changes ion fills of common carp fishes Cyprinus 

carpio L. J. Raf. Sci. 22(1) 46-55. 

Speare D.J. and Ferguson H.W. (1989) fixation artifacts in rainbow trout (Salmo gairdneri) gills: a 

morphometric evaluation. Can. J. Fish. Aquat. Sci. 46, 780-785. 

Vilchis L.I., Tegner M.J., Moore J.D., Friedman C.S., Riser K.L., Robbins T.T. & Dayton P.K. (2005). 
Ocean warming effects on growth, reproduction and survivorship of southern California abalone. 
Ecological Applications 15(2). 469-480. 

Kildea, T. and L. Andreacchio, 2013, Adelaide Desalination Project: Salinity, pH and dissolved oxygen 

water quality data, marine exclusion zone. March 2012 Australian Water Quality Centre, Adelaide: 9 pp. 

Acknowledgements 

This report was developed by an interagency task force with contributions from PIRSA ( Biosecurity SA, 
South Australian Research and Development  Institute (SARDI) and Fisheries and Aquaculture) South 
Australian Museum, Department for Environment Water and Natural Resources and the Environment 
Protection Authority. 

Information for two dolphins sourced from Australian Marine Wildlife Rescue and Rehabilitation 
Organisation (AMWRRO) and University of Adelaide Veterinary School post mortem reports 

Funding and Coordination provided by Biosecurity SA 

Histopathology by Vetlab, SA Museum, DEWNR 

Contributing authors 

Stella Bastianello  Gribbles Laboratory Services 
Alex Chalupa   Biosecurity SA 
Adam Caldwell   PIRSA Spatial Information Services 
John Gilliland   Biosecurity SA 
Deb Kelly   DEWNR 
Vicki Linton   DEWNR  
John Middleton   SARDI Aquatic Sciences 
Vic Neverauskas  Biosecurity SA 
Shane Roberts   PIRSA Fisheries and Aquaculture 
Paul van Ruth   SARDI Aquatic Sciences 
Neill Sandercock  PIRSA Spatial Information Services 
Clinton Wilkinson  SASQAP 

 

  



19 
 

 

 

 

 

 

 

 

 

 

 

Appendix 1 

 
SARDI Aquatic Sciences report on Oceanography 



20 
 

Background: 

During 4-14 March 2013, the southern region of Australia was subject to a sustained 
heat wave.  This heat wave was the likely driver of the 3-5oC increase in sea surface 
temperature (SST) of South Australia’s gulfs (Figure 1; http://oceancurrent.imos.org.au/ ).  
SST in the gulfs was typically 24oC, and off Kangaroo Island about 22oC. These 
estimates (obtained from satellite data) were confirmed by comparison with in-situ 
measurements obtained from the SA Integrated Marine Observing System. 
 

The other relevant data available are estimates of the concentration of chlorophyll. 
These data provide an estimate of the concentration of phytoplankton (algae) that 
provide the base of the marine food chain. The average chlorophyll concentration 
calculated using remote sensed satellite data (http://disc.sci.gsfc.nasa.gov/giovanni/) for the 
period 6-14 March 2013 are shown in Figure 2. The average chlorophyll concentration 
during this period is similar to other summertime values, including the average 
calculated using remote sensed data for the period 26 February to 29 March 2012 
(Figure 3). Chlorophyll concentrations measured from phytoplankton samples collected 
in the waters off Port Stanvac in 2010 and 2011 indicate that March/April chlorophyll 
concentrations typically range between 0.2 and 0.6 mg m-3, in agreement with values in 
Figures 2 and 3.  Similar concentrations have been measured in samples collected in 
March/April in Spencer Gulf. 

 

Figure 1. SST anomaly for 3-13 March 2013. The red regions off SA indicate that water is 3-5 degrees warmer than 
the climatological average. 

http://oceancurrent.imos.org.au/
http://disc.sci.gsfc.nasa.gov/giovanni/
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Figure 2. Average chlorophyll concentration (units mg m
-3

) for 6-14 March 2013. 

 

 

 

Figure 3. Average chlorophyll concentration (units mg m
-3

) for 26 Feb - 14 March 2012. 
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Discussion: 

The anomalous increase in SST of South Australia’s gulfs coincided with the fish 
mortality events.  Sea water is able to hold less dissolved oxygen at higher 
temperatures and salinities. Thus, it is possible that the elevated ocean temperatures 
during March reduced oxygen concentrations in the gulfs. Chlorophyll concentrations 
during the early part of March seemed similar to those found in 2012.  

Currently, there are no continuous records of in situ oxygen or phytoplankton 
concentrations for the gulfs, and no oxygen records during the March 2013 period. 

The similarity in the remote sensed concentrations of chlorophyll for the March 2013 
and March 2012 periods, and their agreement with concentrations measured from 
phytoplankton samples collected off Port Stanvac and in Spencer Gulf suggests that the 
elevated SST was not associated with any significant enhanced phytoplankton growth 
at the surface. 

There are many limitations to remote sensed biological data, and caution is needed in 
their interpretation. Remote sensed data can only tell us what is happening at the 
surface of the water column. It is important to ground-truth remote-sensed data with 
measured data.  
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Appendix 2 
 

Wind rose for Cape Willoughby 14 February to 31 March 2013 
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Appendix 3 
 

Chlorophyll imagery courtesy National Aeronautics and Space Administration 
(NASA) 

  



26 
 

 

 



27 
 



28 
 

 



29 
 

 

 

  



30 
 

 
 
 
 
 

  



31 
 

 
 
 
 
 

Appendix 4 
 

Water sample analysis by South Australian Shellfish Quality Assurance Program 
(SASQAP) 

 
  



32 
 

 

 Samples collected from the Noarlunga Jetty by Biosecurity SA on the 
03/04/2013. 

 

Three samples were collected at different locations along the jetty. A Karenia species K. 
mikimoti was detected in low numbers, in general there were very low concentrations of 
total phytoplankton. Diatoms dominated the phytoplankton,  samples were very clean. 

 Samples collected from West Beach, Port Noarlunga and Point Stanvac by 
SARDI on the 03/04/2013. 

 

Samples were collected using a net tow which concentrates phytoplankton cells 
enabling more cells to be detected (what is in the water will be in the net tow sample). 

Diatoms dominated the phytoplankton in quite high numbers, Pseudo-nitzschia sp. (AST 
producing species) was detected in low numbers. A diatom species that contains spines 
on the setae, Chaetoceros coarctatus was detected in low numbers (25 cells/L) at all 
three sampling locations. Spines have the ability to irritate fish gills in certain conditions, 
mainly recorded in finfish aquaculture. Samples contained high amounts of particulate 
matter. 

 Samples collected from the Troubridge shoal on the 16/04/2013 by 
Biosecurity SA. 

 

Three samples were collected where there was discolouration of the water column. All 
three samples were dominated by benthic diatoms in low concentrations. No fish killing 
algae were detected. Samples were very clean. 

 Samples collected from Port Stanvac, Port Noarlunga, Maslins Beach, 
Sellicks Beach, Myponga Beach and Carrickalinga by SARDI on the 
19/04/2013. 

 

All the samples collected contained the same species, some were higher than others. 
Diatoms dominated the phytoplankton; however there were quite a few dinoflagellates 
detected. Prorocentrum sp. dominated and several other species, Sinophysis, and 
Ceratium were also detected. The diatom Chaetoceros coarctatus with spines was 
detected at Maslins and Sellicks beach.  

A new dinoflagellate, Noctiluca sp. was detected in the Myponga and Point Stanvac 
samples. This species was first discovered in SA waters (Port Lincoln) in 2006, since 
this time it has established itself around the state. 
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SARDI Aquatic Sciences report on water quality and phytoplankton ecology 
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Methods 

Sampling took place on two occasions, at the 10 m depth contour at each station (see 
Table 1 for sampling dates and station co-ordinates).  Triplicate water samples were 
collected from 1-2 m depth with a Niskin bottle.  From each replicate, 100 ml was 
filtered through a 0.45 µm filter for macro-nutrient analysis, 1 L was retained for pigment 
analysis, and 1 L was fixed with acidified Lugol’s iodine solution for enumeration and 
identification of phytoplankton taxa.  Samples were kept cool, in the dark, and returned 
to the laboratory within 3 hours.   

Macro-nutrient analysis took place in the environmental chemistry laboratory at SARDI 
Aquatic Sciences.  Dissolved ammonium (NH3, APHA-AWWA-WPCF 1998a, detection 
limit 0.071 µM), oxides of nitrogen (NOx, APHA-AWWA-WPCF 1998b, detection limit 
0.071 µM), phosphate (APHA-AWWA-WPCF 1998c, detection limit 0.032 µM) and 
silicate (SiO2, APHA-AWWA-WPCF 1998d, detection limit 0.333 µM), were determined 
by flow injection analysis with a QuickChem 8500 Automated Ion Analyser.  Pigment 
samples were filtered through stacked mesh (to retain cells >5 µm) and Whatman GF/F 
filters (nominal pore size 0.4 μm, to retain cells <5 µm), allowing the examination of size 
fractionated phytoplankton biomass.  Filters were frozen and stored at -80°C prior to 
analysis via the gradient elution procedure of (Van Heukelem and Thomas 2001) on an 
Algilent 1200 series High Pressure Liquid Chromatography (HPLC) system in the 
environmental chemistry laboratory at SARDI Aquatic Sciences.  Enumeration and 
identification of phytoplankton to genus or species level was carried out using traditional 
taxonomic methods by Microalgal Services, Victoria, Australia. 

Where possible, data from samples collected during this study were compared to 
relevant long-term monitoring data.  This included data collected from waters off Port 
Stanvac in April 2008 (provided by Tim Kildea, SA Water, hereafter termed the SA 
Water monthly mean), and monthly data for April from the SA EPA monitoring station off 
Port Noarlunga covering the period from 1997 – 2007 
(http://www.epa.sa.gov.au/environmental_info/water_quality/water_quality_monitoring_d
ata, hereafter termed the EPA long-term mean).  In all cases in this document, means 
are reported ± standard error. 

Table 1:  Station locations and sampling dates. 

 

 

  Location Sampling date 

Station Latitude (S) Longitude (E) 3/04/2013 19/04/2013 

West Beach 34° 57.734' 138° 28.862' √   

Port Stanvac 35° 05.331' 138° 28.789' √ √ 

Port Noarlunga 35° 08.724' 138° 27.551' √ √ 

Maslin Beach 35° 13.911' 138° 27.750'   √ 

Sellicks Beach 35° 18.596' 138° 26.236'   √ 

Myponga Beach 35° 22.085' 138° 23.104'   √ 

Carrickalinga 35° 24.757' 138° 19.327'   √ 
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Results 

Nutrient concentrations 

Macro-nutrient concentrations were generally low (Fig. 1).  Concentrations of NOx and 
PO4 were predominately below detection limits.  These levels are much lower than the 
SA Water monthly mean (NOx 0.36 (± 0.0) µM, n = 8; PO4 0.16 (± 0.0) µM, n = 8), and 
well below the EPA long-term mean (NOx = 0.74 (± 0.13) µM, n = 11).  NH3 
concentration decreased markedly from 0.5 – 0.6 µM on 3 April to <0.2 µM on 19 April, 
with concentrations in some samples below detection limits.  NH3 levels on 3 April were 
higher than the SA Water monthly mean (0.36 (± 0.0) µM, n = 8), but were 
approximately half the EPA long-term mean (1.24 (± 0.38) µM, n = 10).  Silica 
concentrations were ~0.6 – 0.8 µM on both sampling dates, although levels at Port 
Noarlunga decreased from ~0.8 µM to ~0.4 µM from 33 April to 19 April.  These levels 
are approximately 1/3 the SA Water monthly mean (2.42 (± 0.14) µM, n = 12). 

Phytoplankton biomass, abundance and community composition 

Patterns in phytoplankton biomass (as chlorophyll a (chl a)) varied between sampling 
dates (Fig. 2).  On both sampling dates, however, the majority of phytoplankton biomass 
was in the small size fraction (i.e. cells <5 µm in diameter).  Total chl a concentrations 
ranged between 0.4 and 0.9 µg L-1, but were generally ~0.6 µg L-1.  These values are 
similar to the SA Water monthly mean (0.65 (± 0.03) µg L-1, n = 8), the EPA long-term 
mean (0.81 (± 0.10) µg L-1, n = 10), and concentrations measured off Port Stanvac in 
April 2010 and April 2011 (~0.4 µg L-1, van Ruth 2010, 2012).  .  There was a distinct 
north – south pattern in chl a concentrations on 3 April which had reversed by 19 April.  
Chl a concentrations increased at Port Stanvac from ~0.7 µg L-1 on 3 April to ~0.9 µg L-1 
on 19 April, while concentrations at Port Noarlunga decreased from ~0.9 µg L-1 on 3 
April to ~ 0.6 µg L-1 on 19 April.  Biomass in the small size fraction remained relatively 
steady at ~0.6 µg L-1 on both sampling dates, though there was an increase at Port 
Stanvac to ~0.8 µg L-1 on 19 April.  From 3 April to 19 April biomass in the large size 
fraction had decreased by about half to <0.1 µg L-1. 



36 
 

Macro-nutrient

NH3 NOx PO4 SiO2
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

West Beach

Port Stanvac 

Port Noarlunga

Macro-nutrient

NH3 NOx PO4 SiO2

C
o

n
c
e

n
tr

a
ti
o

n
 (

M
)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Port Stanvac 

Port Noarlunga

Maslin Beach

Sellicks Beach

Myponga Beach

Carrickalinga Beach

03/04/13

19/04/13

 

Figure 1.  Variation in mean macro-nutrient concentrations in samples collected in Gulf St Vincent on 3 and 19 April 
2013.  Error bars indicate standard error.  See Table 1 for station locations. 
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Figure 2.  Variation in mean total chlorophyll a concentrations, and concentrations in the small (<5 µm) and large 
(>5 µm) size fractions of phytoplankton biomass in samples collected in Gulf St Vincent on 3 and 19 April 2013.  
Error bars indicate standard error.  See Table 1 for station locations. 
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Figure 3.  Variation in mean phytoplankton abundance in samples collected in Gulf St Vincent on 3 and 19 April 
2013.  Error bars indicate standard error.  See Table 1 for station locations. 
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Patterns in phytoplankton abundance between sampling dates mirrored patterns in 
phytoplankton biomass (Fig. 3).  This is also consistent with previous findings for the 
waters off Port Stanvac (van Ruth 2010, 2012).  However, there was variation between 
sampling dates in both total abundances and dominant taxa in the community.  Total 
phytoplankton abundances ranged between 250,000 and 550,000 cells L-1 on 3 April, 
but had decreased to 100,000 to 200,000 cells L-1 by 19 April, largely due to a decrease 
in diatom abundance.  Larger diatoms dominated the community on 3 April, while the 
community was dominated by “other” phytoplankton (small flagellates) on 19 April. 

Examination of selected marker pigments as a fraction of Chl a revealed the large size 
fraction (> 5 µm in diameter) of phytoplankton biomass was dominated by larger 
diatoms (indicated by a high fraction of Fucoxanthin) and dinoflagellates (indicated by a 
high fraction of Peridinin) (Fig. 4).  However, while peridinin was more prominent on 3 
April, it was only detected at Port Stanvac on 19 April.  Fucoxanthin was detected at all 
stations on both sampling dates, but in slightly lower concentrations on 19 April.  The 
small size fraction (< 5 µm in diameter) was dominated by crysophytes and 
raphidophytes (Fucoxanthin), cryptophytes (alloxanthin), haptophytes (19 –
hexanoyloxyfucoxanthin), cyanobacteria (Zeaxanthin) and prasinophytes (Chl b) (Fig. 
5).  Prasinophytes were most dominant on both sampling dates, with haptophytes 
increasing in the community on 19 April.  Dominant marker pigments and pigment ratios 
are consistent with previous findings for waters off Port Stanvac (van Ruth 2010, 2012). 

Phytoplankton community composition from abundance counts varied greatly between 
sampling dates.  On 3 April, the diatom community was dominated by Pseudonitzschia 
cf. galaxiae which was present at concentrations of between approximately 50,000 and 
250,000 cells L-1.  Other dominant diatoms on this date included Dactyliosolen 
antarcticus, Leptocylindrus danicus, Nitzschia spp., and Chaetoceros spp., all of which 
were present in concentrations of 7,000 to 20,000 cells L-1.  Dominant dinoflagellates 
included Azadium obesum (~6,000 – 30,000 cells L-1), Gymnodinium spp. (~30,000 
cells L-1), Gyrodinium spp. (~5,000 – 10,000 cells L-1) and Heterocapsa rotundata 
(~5,000 to 15,000 cells L-1).  Other phytoplankton to dominate the community included 
the haptophyte Chrysochromulina spp., the cryptophyte Plagioselmis prolonga, and the 
prasinophyte Pyramimonas spp., all of which were present at between 5,000 and 
30,000 cells L-1.  On 19 April, when diatom abundances had decreased (Fig. 3), 
Chaetoceros spp. dominated the diatom community (~5,000 to 20,000 cells L-1) with 
Pseudonitzschia cf. galaxiae present in reduced numbers (~5,000 to 15,000 cells L-1).  
The dinoflagellates were dominated by Gymnodinium spp. and Heterocapsa rotundata 
(both ~5,000 to 20,000 cells L-1).  Other dominant phytoplankton on Aril 19th included 
the haptophyte Chrysochromulina spp. (~15,000 to 55,000 cells L-1), the cryptophytes 
Plagioselmis prolonga (~5,000 to 15,000 cells L-1) and Hemiselmis spp. (~10,000 to 
25,000 cells L-1), and the prasinophyte Pyramimonas spp. (~5,000 to 20,000 cells L-1). 

Several phytoplankton species which may be potentially harmful/toxic to fish were 
identified in the samples collected for this study, including Chaetoceros spp.  Other 
species identified that have been previously linked to fish-kills include Karenia 
mikimotoi, Heterosigma sp., Dictyocha octonaria, and Takayama sp., although these 
phytoplankton were only rarely present, and in low concentrations (<500 cells L-1) 
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Figure 4.  Variation in mean concentrations of selected marker pigments normalised to total chlorophyll a 
(weight:weight) in the large size fraction of phytoplankton biomass (>5 µm) in samples collected in Gulf St Vincent 
on 3 and 19 April 2013.  Error bars indicate standard error.  See Table 1 for station locations.  Peri = Peridinin, an 
indicator of dinoflagellates, Fucox = Fucoxanthin, an indicator of diatoms. 
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Figure 5.  Variation in mean concentrations of selected marker pigments normalised to total chlorophyll a 
(weight:weight) in the small size fraction of phytoplankton biomass (<5 µm) in samples collected in Gulf St Vincent 
on 3 and 19 April 2013.  Error bars indicate standard error.  See Table 1 for station locations.  Fucox = Fucoxanthin, 
an indicator of chrysophytes and raphidophytes, Allox = alloxanthin, an indicator of cryptophytes, 19-hex = 19-
hexanoyloxyfucoxanthin, an indicator of haptophytes, Zeax = Zeaxanthin, an indicator of cyanobacteria, and Chl b = 
chlorophyll b, an indicator of prasinophytes. 
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Discussion 

Results from this study indicate that levels of phytoplankton biomass and abundance 
measured in samples collected on 3 and 19 April 2013 were generally at levels that 
would be expected to be found in lower Gulf St Vincent in April.  This has been 
corroborated by all available data, including a decade of monitoring data from the SA 
EPA and previous studies of Port Stanvac (van Ruth 2010, 2012).  However, nutrient 
concentrations were much lower than would be expected for April (as indicated by 
monthly and long-term means), particularly NOx and PO4 concentrations which were 
mostly below detection limits.  This suggests that these nutrients have been used up in 
recent phytoplankton production, and abundance data for 3 April indicates that this is 
most likely due to diatoms. Silica concentrations were also much lower than the 
expected monthly mean.  Diatoms require silica to grow and divide, and typically utilise 
new nitrogen (i.e. NOx).  Oxides of nitrogen (NOx) are negatively charged molecules, 
and are more easily stored by phytoplankton, since they are unable to diffuse across 
membranes. Excess NOx can be stored in the cell’s vacuole, thereby reducing inhibition 
of uptake by NOx that has already accumulated in the cytoplasm.  When NOx is the 
nitrogen source, the ability to take up and store excess nitrate constitutes a competitive 
advantage, allowing larger algal species to more efficiently compete for nutrients (Stolte 
et al. 1994; Stolte and Riegman 1995; Stolte and Riegman 1996).  Thus, larger 
phytoplankton species, such as diatoms, tend to dominate when NOx is the nitrogen 
source.  NH3 on the other hand is a positively charged or neutral molecule, and can 
therefore easily diffuse over biological membranes, making it difficult to store. 
Additionally, assimilation of NH3 is a faster process than uptake, as it is more rapidly 
incorporated into amino acids than it is taken up at the cell surface (Stolte et al. 1994; 
Stolte and Riegman 1995).  Uptake rates are thus the more important factor when 
competing for NH3 (Stolte et al. 1994; Stolte and Riegman 1995; Stolte and Riegman 
1996), and species with high uptake rates (typically smaller species with low surface 
area to volume ratios) tend to dominate when competing for NH3 as the source of 
nitrogen.  It appears that an increase in diatom production sometime before 3 April has 
significantly depleted levels of NOx, PO4, and SiO2.  However, by 19 April production 
had shifted to be driven by smaller, “other” phytoplankton using NH3, as diatom 
abundances decreased due to a lack of NOx.  Reduced/absent diatom production is 
indicated by the fact that silica levels remained relatively constant between 3 and 19 
April. 

The phytoplankton community composition in samples collected for this study appeared 
typical.  Most of the potentially harmful/toxic phytoplankton species identified in samples 
were found rarely and at very low concentrations (i.e. not at levels likely to cause a 
major fish mortality event).  The exception is Chaetoceros spp.  Certain species of this 
diatom have been reported to cause significant fish-kills at concentrations of ~5,000 
cells L-1 (Hallegraeff, 2002), and have been known to cause sub-lethal effects (gill 
damage and stress) in fish at abundances as low as 400 cells L-1 that can facilitate 
secondary bacterial infections (Albright et al., 1993).  Not all species of Chaetoceros are 
problematic.  Issues are restricted to species with barbed setae (siliceous spines on the 
protective armour of the cell).  These barbs cause the cells to become lodged in the gills 
of fish, driving the issues outlined above.  In this study, while Chaetoceros was 
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identified in abundances of up to 20,000 cells L-1, the vast majority of these cells did not 
possess barbed setae, and therefore would not be problematic.  However, one species 
with barbed setae was identified, firstly in net samples by Clinton Wilkinson of SASQAP, 
confirmed by Gustaaf Hallegraeff (UTAS), and subsequently identified and enumerated 
by Micro-algal Services as part of full species counts.  Chaetoceros cf. coarctatus was 
found in abundances of between 200 and 2,000 cells L-1, high enough to cause irritation 
for fish, leaving them potentially susceptible to secondary infections.  This diatom 
species has been identified previously in Gulf St Vincent 
(http://www.anbg.gov.au/abrs/Marine_Diatoms/species/Chaetoceros_coarctatus.pdf) 
but typically prefers warmer waters (Hasle and Syvertsen, 1997).  Given the “marine 
heat wave” that occurred in the Gulf St Vincent in late March, and the increased 
production suggested to have occurred prior to 3 April sampling was likely due to 
diatoms, it is highly probable that Chaetoceros cf. coarctatus was present in higher 
abundances in the lead-up to the major mortality event. 

 

  

http://www.anbg.gov.au/abrs/Marine_Diatoms/species/Chaetoceros_coarctatus.pdf
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Appendix 6 
 

Fish and Abalone pathology 
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Sampling procedures 
 
Fish: 
All samples collected and submitted to Gribbles Veterinary Pathology (State animal 
health laboratory) are outlined in the below table. Many samples were too decomposed 
(post-mortem artefacts) for adequate analyses, which is a common issue during wild 
fish kills. However, at least seven fish were obtained as dying (moribund) or fresh dead, 
and were deemed adequate for analyses by pathologists (e.g. low or no post-mortem 
artefacts).  

Samples were analysed via histopathology and bacterial culture. 

Abalone: 
Mortality of wild abalone was being reported to PIRSA in the Southern Zone Abalone 
Fishery (SZAF), with mortalities subsequently observed in the Western Zone Abalone 
Fishery (WZAF) on 22 April, 2013. Samples were collected throughout the mortality 
event and submitted to Gribbles pathology (State animal health laboratory).  

Samples were analysed using histopathology, bacterial culture and polymerase chain 
reaction (PCR). Samples for PCR were sent to the Australian Animal Health Laboratory 
(AAHL), Geelong, to rule out abalone viral ganglioneuritis (AVG). 

 

Date 
collected 

species location Alive/dead Lab reference 

4-3-2013 Degens LJ 
(Thamnaconus degeni) 

Pt Neill 17 dead 13-6272256 #1 

4-3-2013 Cardinal fish 
(Family: Apogonidae) 

Pt Neill 2 dead 13-6272256 #2 

4-3-2013 Silverbelly (Parequula 
melbournensis) 

Pt Neill 2 dead 13-6272256 #3 

4-3-2013 Pygmy LJ 
(Brachaluteres 
jacksonianus) 

Pt Neill 1 dead 13-6272256 #4 

19-3-2013 Degens LJ 
(Thamnaconus degeni) 

Moonlight Bay 59 dead 13-6275169 #1 

1-4-2013 Pygmy LJ 
(Brachaluteres 
jacksonianus) 

Pt Noarlunga 5 dead 13-6274883 #1 

1-4-2013 Angel fish 
 

Pt Noarlunga 1 dead 13-6274883 #2 

3-4-2013 Ringed Toad fish  
(Omegophora armilla) 

O’Sullivans beach 1 dead 13-6277545 #1 

3-4-2013* Ornate cowfish (Aracana 
ornate) 

O’Sullivans beach 1 dead 13-6277545 #2 

3-4-2013* Hulafish (Trachinops spp) Pt Noarlunga 1 alive 13-6277525 

4-4-2013* Sweep  
(Scorpis georgiana) 

Pt Noarlunga 1 alive 13-6277609 #1 

4-4-2013*  Mullet  
(Mugil cephalus) 

Pt Noarlunga 1 alive 13-6277609 #2 

5-4-2013* Degans L.J O’Sullivans beach 1 alive 13-6277705 #1 
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(Thamnaconus degeni) 

5-4-2013* Toothbrush LJ 
(Acanthaluteres vittiger) 

O’Sullivans beach 2 dead 13-6277705 #2 

24-4-2013 unidentified Sellicks beach 7 dead 13-6277078 

 

Table 1: fish samples collected and submitted to the laboratory. Asterisks indicate samples that were fresh enough 

for meaningful histopathological assessment. LJ = leatherjacket. Shaded row indicates results still pending. 

 

Date 
collected 

species location Alive/dead Lab reference 

27-3-2013 Greenlip abalone 
(Haliotis laevigata) 

Thorny passage, 
Pt Lincoln (WZAF) 

1 dead 13-6274697 

23-4-2013 Greenlip abalone Mclaren Pt (WZAF) 10 dead 13-6277068 #1 

23-4-2013 Blacklip abalone  
(Haliotis rubra) 

Mclaren Pt (WZAF) 1 dead 13-6277068 #2 

23-4-2013 Greenlip abalone Taylor is. (WZAF) 5 dead 13-6277068 #3 

 

Table 2: Abalone samples collected in March and April for testing. Most samples were fresh dead when dissected 

and able to be analysed. SZAF = southern zone abalone fishery, WZAF = western zone abalone fishery. Shaded row 

indicates results still pending. 

Results  

Fish 

Field observations 
The majority of fish affected were small-bodied benthic species. Degens leatherjackets 
(Thamnaconus degeni) were noticeably the most numerous fish reported in the fish kill. 
Underwater video footage (care of Mary-Ann Stacey, Pt Noarlunga Aquatic Centre) and 
observations from PIRSA divers noted behaviors of dying fish to include: listing, 
spinning and poor swimming. Fish kill reports (through PIRSA’s FISHWATCH hotline) 
showed that fish mortalities occurred in both Spencer Gulf and Gulf St Vincent.  
 
Gill pathology  
Debris was observed in wet preparations of gills. Histology showed moderate branchitis 
in all fish samples. Branchitis presented as focal gill lesions (necrosis, epithelial 
hyperplasia and fusion of lamellae), increased mucous and chloride cells, and 
associated bacteria (Figure 1). There was also haemorrhagic inflammation suggestive 
of prolonged stress (infiltration of lymphocytes and pigmented macrophages). 
Approximately less than 10% of the gill structure was affected with lesions. 
 
While focal gill lesions and increased mucus production were evident, the large area of 
intact gill lamellae (non-lesion areas being ~90% of the gill structure) suggested 
respiratory failure was an unlikely cause of death. Opportunistic bacterial (secondary) 
infection (culture yielded Vibrio spp.), which was observed to be systemic, was the likely 
cause of death. 
 



48 
 

Other organs 
Bacterial infection was observed in most organs (including liver, spleen, intestinal 
submucosa, brain, gills and kidney), suggesting systemic bacteraemia / septicaemia. 
Necrogranulomatous enteritis was noted in some fish associated with parasitic worms 
or other chronic infection. 

Bacterial culture of gills and kidneys yielded Vibrio spp. in some fish. This type of 
bacteria is a well known opportunistic pathogen of fish. Melanomacrophage centres in 
various tissues were prominent in many samples, which suggests prolonged stress. 

Numerous types of parasites were observed including acanthocephalans (sweep and 
mullet), flukes (cow fish), Kudoa and Trichodina (toothbrush leatherjacket). However 
since parasites varied among fish samples, parasites are an unlikely cause of the fish 
kill. Parasite fauna are not un-common in wild caught fish. 

Abalone 

Field observations 
Low level abalone mortalities, generally over a short time frame, are often observed in 
South Australia (and in other States), particularly during warm summers. Observations 
are generally made by commercial abalone divers and, occasionally, SARDI 
researchers.  

Mortality reports to PIRSA were generally between 5-70 dying (moribund) abalone out 
of several hundred kg being harvested during one time point (incidental mortality).  

Environmental observations from divers suggested higher than normal temperatures 
with turbid water, suggestive of high algae densities. SARDI water temperature data (A. 
Linnane) from the South East (~60m depth) suggested extreme temperature 
fluctuations of 3-5°C over days (Figure 2). In addition, sea surface temperatures during 
the March 2013 period showed 3-5°C higher than average. 

Laboratory  
Two abalone (Beachport; laboratory number 13-6276235) were observed with some 
small cysts within the foot of one, with some surface nodules on the foot in the other. No 
abalone showed signs of AVG. 

Histology did not show signs of AVG or Perkinsus (both notifiable disease).  However, 
some abalone showed signs of abscesses in pedal tissue consistent with bacterial 
infection (3 of 4 from Beachport and 2 of 11 from Port Macdonnell). 
 
All samples sent to AAHL (collected on 22-3-2013 and 27-4-2013) for PCR analyses 
were negative for AVG. 
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a) 

 

b) 

 
c) 

 

d) 

 
e) 

 

f) 

 
 
Figure 1. Fish gills (a-e) and kidney (f) at 4 – 40 times magnification (mag.)  

a) slide 13-6277609 #1 (sweep), necrotic gill lesion (with four gill filaments severely affected) and associated 

haemorrhage (arrow), 4x mag. 

b) slide 13-6277545 #2 (cowfish), focal lesions (arrows), 10x mag. 

c) slide 13-6277609 #1 (sweep), focal lesions with associated bacteria (arrow), 10x mag. 

d) slide 13-6277609 #1 (sweep), gill congestion, 10x mag. 

e) slide 13-6277545 #2 (cowfish), focal lesion with associated mucous cell (arrow) hyperplasia observed on adjacent 

gill filament, 40x mag. 

f) slide 13-6277525 #2 (Hulafish), kidney with associated bacteria (arrow), 40x mag. 
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Discussion 
 

The majority of fish affected were small-bodied benthic species, with degens 
leatherjackets (Thamnaconus degeni) the most numerous fish reported during the kill, 
likely due to their substantial population abundance (627/ha) in South Australian gulf 
waters (Currie et al, 2010). 
 
Pathology observations in fish suggest high extreme water temperature and harmful 
algae (e.g. Chaetoceros coarctatus) as the primary cause, which lead to some weaker 
fish becoming susceptible to lethal bacterial infection. Similarly, affected abalone were 
likely compromised due to higher than normal temperatures (no evidence of algae 
damage to date), with secondary lethal stressors (e.g. bacterial infection) the likely 
cause of death. Indeed, only a small proportion of affected fish and abalone populations 
resulted in mortality. 
 
The observations of small-bodied fish being affected, abnormal behavior and bleeding 
gills during the South Australian fish kill is consistent with the effects of harmful algae 
blooms (Brusle 1995; Rodger et al, 2010). Fish pathology was also consistent with high 
extreme water temperatures (temperatures were observed to fluctuate 3-5°C over days) 
and algae blooms (with the harmful diatom Chaetoceros coarctatus identified in water 
samples. 
  
Extreme water temperatures and harmful algae blooms are a cause of fish kills 
worldwide (Brusle 1995; Rodger et al, 2010; Pearce et al, 2011). A marine ‘heat wave’ 
was observed off the coast of Western Australia during 2010/11, resulting in significant 
seagrass die off and fish kills (Pearce et al, 2011). Saber (2011) demonstrated the 
effects of high extreme water temperatures on the gills of fish. High water temperatures 
are also a common factor in abalone kills (Vilchis et al, 2005), which increases their 
susceptibility to secondary infections (commonly bacterial) and other stressors. 
Similarly, a low level abalone kill in Victoria was attributed to a warm water event 
(Victoria DPI communication, 5 April 2013).   
 
Chaetoceros coarctatus is a spiny diatom that causes abrasive damage to fish gills. 
Furthermore, marine fish drink large amounts of water (unlike freshwater fish) to 
maintain their body fluid balance (osmoregulation). As such, harmful marine algae can 
also cause gastrointestinal and kidney damage in fish (Mitchell & Rodger, 2007). 
Species of Chaetoceros can cause sub-lethal effects (gill damage and stress) in fish at 
concentrations as low as 400 cells/L (Albright et al, 1993). The result of the sub-lethal 
effects is increased mortalities due to secondary bacterial infection (commonly vibriosis) 
leading to bacterial kidney disease (BKD) and/or bacterial gill disease (BGD). 
 

How fish died 
 

While the abalone investigation is ongoing, fish pathology results along with the 
substantial information in the literature provided evidence as to the cause of fish deaths. 
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Prolonged stress (likely temperature related) and physical gill damage were observed in 
the majority of fish submitted. This would have impeded respiratory physiology of fish, 
compromised the immune system ultimately exposing some (weaker) fish to the 
secondary (lethal) bacterial infection also observed.   

Higher than normal temperatures (at the limit of a fish’s physiological tolerance), 
experienced as large temperature fluctuations, can lead to gill epithelial cell hyperplasia 
and hypertrophy, bloody congestion with haemorrhage and increased mucus production 
(Saber, 2011: Figure 3). Harmful (abrasive) algae can elicit a similar pathology in 
addition to focal lesions (Brusle, 1995; Rodger et al 2010: Figure 7). These changes 
were observed in fish during the South Australian 2013 fish kill. These changes are not 
post-mortem artefacts (Munday & Jaisankar, 1998) or sample processing artefacts 
(Speare & Ferguson 1989). 

Gill pathology (lesions) can lead to impacts on respiration, blood electrolyte regulation, 
cardiovascular disturbance and burden on the immune system (Roberts & Powell 2003; 
Powell et al, 2008). While these impacts were likely sub-lethal due to approximately 
<10% of the gill structure affected by lesions, gill disease exerts a substantial metabolic 
cost that can compromise the immune system of fish. In these cases, fish with an 
already weakened immune system (e.g. age, parasite load) may succumb to lethal 
bacterial infection. 

 
Figure 2 Bottom water temperature profiles (60 m depth) off Southend (Livingston Bay), South-eastern 

South Australia. Note: extreme warm temperatures (up to 19°C) as well as large fluctuations in 
temperatures (up to 5°C) (SARDI Aquatic Sciences, A. Linnane). 
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Figure 3 Effects of high temperatures on carp gills. 

Epithelial cell hyperplasia (a), hypertrophy of pillar cells 
(b) and blood congestion (c) can be seen. 400x 
magnification (Saber, 2011). 

 
Figure 4 Atlantic salmon gills exposed to harmful algae 

(phytoplankton). This is a 100x magnification of a focal 
lesion, with necrotic cells and epithelial lifting (Rodger et 
al, 2010). 
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Appendix 7 
 

Algal toxicity testing of dolphin stomach contents 
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Appendix 8 
 

Dolphin mortalities investigations and pathology 
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Summary of Dolphin mortalities in South Australia March to April 2013 

Date First 
Reported 

Carcass 
recovered  

Carcass 
Number 

Species Location Sex Relative Age Findings to date 

08/03/2013 Yes 13.026 Bottlenose 
Dolphin 

Brownlow Beach, KI female juvenile Pending 

14/03/2013 Yes 13.009 Bottlenose 
Dolphin 

Seacliff Beach female juvenile Pending 

15/03/2013   13.024 Indo Pacific 
Bottlenose 
Dolphin 

Kingscote, KI male neonate (probably still born) very decomposed. 

16/03/2013 Yes 13.025 Indo Pacific 
Bottlenose 
Dolphin Island Beach, Eastern Cove, KI 

female neonate (probably still born) Pending 

24/03/2013 Yes 13.011 Indo Pacific 
Bottlenose 
Dolphin 

Sellicks Beach female juvenile severe pneumonia,  
positive for Morbillivirus 

24/03/2013 Yes AMWRRO 
No. 1280, 
Roseworthy 
13-0171 

Indo Pacific 
Bottlenose 
Dolphin 

Grange Beach male neonate/calf positive for Morbillivirus 

24/03/2013 Yes AMWRRO 
No. 1281, 
Roseworthy 
13-0172 

Indo Pacific 
Bottlenose 
Dolphin 

Seacliff female calf Pneumonia and encephalitis.  
Positive for Morbillivirus 

28/03/2013 Yes 13.018 Short-
beaked 
Common 
Dolphin  

Maslin Beach male neonate Pneumonia.  

31/03/2013 Yes 13.019 Indo Pacific 
Bottlenose 
Dolphin 

Outer Harbor male calf Pneumonia 

01/04/2013 Yes 13.020 Indo Pacific 
Bottlenose 
Dolphin 

North Haven female juvenile Pneumonia and encephalitis. 
 Positive for Morbillivirus 

07/04/2013 Yes 13.022 Indo Pacific 
Bottlenose 
Dolphin 

Port Julia male juvenile Pending 
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08/04/2013 Yes 13.016 Indo Pacific 
Bottlenose 
Dolphin 

Stansbury female juvenile Pneumonia and encephalitis.  
Positive for Morbillivirus 

08/04/2013 Yes 13.021 Indo Pacific 
Bottlenose 
Dolphin 

Outer Harbor female subadult Pending 

11/04/2013 Yes 13.023 Indo Pacific 
Bottlenose 
Dolphin 

West Beach male juvenile Pneumonia. Positive for Morbillivirus 

13/04/2013 Yes 13.027 Indo Pacific 
Bottlenose 
Dolphin 

Hallett Cove Conservation Park male neonate Pending 

13/04/2013 Yes 13.028 Indo Pacific 
Bottlenose 
Dolphin 

Port Adelaide male neonate Bronchopneumonia 

15/04/2013 Yes 13.029 Indo Pacific 
Bottlenose 
Dolphin 

Southport Beach female calf Pneumonia 

16/04/2013 Yes 13.030 Indo Pacific 
Bottlenose 
Dolphin 

Victor Harbor female juvenile Pending 

16/04/2013 Yes 13.031 Indo Pacific 
Bottlenose 
Dolphin 

Port Noarlunga male neonate Pneumonia, encephalitis 

20/04/2013 Yes 13.032 Indo Pacific 
Bottlenose 
Dolphin 

Tiddy Widdy Beach male calf Pending 

                

21/03/2013 Unknown - unidentified 
dolphin 

Maslin Beach Unknown possible neonate/juvenile   

22/03/2013 Unknown - unidentified 
dolphin 

Sellicks Beach Unknown unknown   

05/05/2013 not 
collected 
attempts 
made but 
floated out 

- Bottlenose 
Dolphin 

Port Clinton unknown juvenile?   
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29/04/2013 not 
collected 
(may be 
same as 28 
April at 
O'Sullivan 
Beach 

- unidentified 
dolphin 

Surf Beach, Moana North unknown small/young   

28/04/2013 no, not 
found 

- unidentified 
dolphin 

O'Sullivan Beach 
unknown small/young 

  

04/03/2013 no - Short-
beaked 
Common 
Dolphin  

Middleton Unknown juvenile   

13/03/2013 no - Bottlenose 
Dolphin 

Brownlow Beach, KI Unknown adult   

17/03/2013 No - unidentified 
dolphin 

Middleton Unknown     
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Environmental and other considerations  

The onset of the deaths coincided with high water temperatures and an algal bloom. 

Some algal blooms are known to release toxins which can kill dolphins, so initially this 
was considered to be a possible cause of the unusual number of mortalities. Water 
samples taken by PIRSA demonstrated that the algae involved was not the type which 
releases such toxins. 

Stomach contents of dolphins were also analysed by the Cawthron Institute in New 
Zealand, a world leader in algal toxicity no algal toxins were detected (Appendix 7). 

Sea water is able to hold less dissolved oxygen at higher temperatures and salinities, 
and some algae extract oxygen from the water column. There was speculation that a 
lack of oxygen killed the dolphins. However, dolphins are mammals that breathe air 
through their blowhole. The do not breathe through gills like fish so the oxygen content 
in water should not affect them. This did not appear a likely scenario. 

It was also suggested that the fish die-off (linked to the algal bloom) had resulted in not 
enough food being available for the dolphins. Dolphins feed on many fish species, large 
and small; and on cuttlefish and other marine creatures. The fish die-off affected small 
fish and this may have reduced the food supply for young dolphins (who are still 
learning to feed themselves).   

However, stomach contents and body condition observations from post-mortem 
examinations assisted with validating that starvation was not the primary cause of the 
dolphin deaths. Most of the dolphins that were of an age to be weaned, had some food 
in their stomachs; and at least some of the unweaned animals had milk in the stomach 
so had suckled shortly before they died.  

There was also speculation that the desalination plant discharge had altered the 
temperature or the salinity of the sea and this was the cause. The dolphin deaths had 
predominantly occurred throughout the Gulf St Vincent and they were not concentrated 
in the Port Stanvac area. As bottlenose dolphins move over large distances, possibly up 
to 50 or 100 kilometres around the coastline, this did not rule out the possibility. 
However, any salinity or temperature change significant enough to impact dolphins 
should also have had an impact on other marine mammals. There was no evidence that 
any other mammals had been impacted. The deaths appeared to be widely distributed 
on the eastern side of Yorke Peninsula and the western side of Fleurieu Peninsula. 
Whatever was causing the deaths appeared to be evenly spread through the Gulf.  

So the deaths did not appear to be caused by algae producing toxins, oxygen depletion 
of the water; nor were they the result of starvation or related to the desalination plant – 
but they were continuing.  
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Investigations and Results 

The University of Adelaide Veterinary School in partnership with AMWRRO undertook 
two dolphin post mortems; and a team comprising SA Museum, DEWNR and PIRSA 
commenced post mortems on all the other bodies recovered. Similar techniques were 
used by both groups but involved entirely different personnel – which, through 
opportunity rather than by design, acted as an independent verification system for the 
findings discovered. 

The first post-mortem examinations, by both the SA Museum and AMWRRO and 
University of Adelaide Veterinary School were undertaken in the week last week of 
March and the first week of April.  Laboratory test results would take additional time.  

Prior to undertaking a necropsy, the dolphin is photographed from standard positions, a 
set or standardised measurements are taken and the animal is weighed. In addition, the 
age group of the animal is noted. The animal’s orifices (e.g. blowhole, anus, genital 
areas etc) and eyes are checked for parasites. Any features or injuries of the exterior 
and of the blubber/muscle interface are documented and often photographed. Skin 
lesions are examined to determine if they occurred before or after death. Blubber 
thickness is measured and body condition assessed on external appearance of the 
body. The body decomposition score is also recorded.  

The samples taken from the animal depend on the state of decomposition of the body; 
the presence of lesions of interest and observations during the necropsy etc. In general, 
samples are taken from a variety of areas of the body for X-ray, heavy metal and 
genetic analysis, histology (cell and tissue tests), virology and bacterial culture.  For the 
dolphins necropsied in early March, samples were also taken for toxicology (to test for 
algal toxins). Gastrointestinal content is also collected for dietary analysis and to 
determine what the dolphins were eating prior to death. 

The algal toxins tests returned a negative result, and the fish death investigation had 
demonstrated that algal toxins were not the cause; so this test was not repeated for 
later necropsies. 

By the 30th April, 18 dolphin necropsies had been undertaken by the Museum and two 
by AMWRRO and the University of Adelaide Veterinary School. There were common 
factors seen at necropsy 

 All except one of the dolphins were of pre-breeding age and half were probably 
still suckling from their mothers  

 Many had nematode worm infections of the lungs  

 Those dolphins that were of an age to be weaned had some food in their 
stomachs and at least some of the unweaned had milk in the stomach. About half 
were in robust body condition and half were thin or emaciated. 

 All but two that had been examined were confirmed to be Indo-Pacific bottlenose 
dolphins. 

 Many were found floating dead and did not strand alive 
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 All had been found in or adjacent the Gulf St Vincent bioregion3. 
 

Although quite obvious, the bruising on the animals was not the primary cause of death, 
however it was unclear how and why the bruising occurred.  

The first tests back were inconclusive but a recurring finding in many of the dolphins 
necropsied in March and early April was presence of an Aspergillosis (fungus) infection 
of the lung or brain.    

Aspergillus is a common species of fungus. It is part of the natural environment and 
doesn’t normally cause disease in healthy animals. If animals (or people) are immune-
suppressed for any reason, this fungus can take hold and cause illness or death. 
Similarly, nematodes are parasites that usually thrive when an animal is not well and its 
immune system is compromised. So, whilst Aspergillosis and parasites were implicated 
in the dolphin deaths, it seemed that something else was suppressing the immune 
system of these animals, predisposing them to these secondary conditions. 

Studying the histological samples under the microscope suggested that a virus infection 
was a real possibility in a number of the dolphins so samples were sent to the Australian 
Animal Health Laboratory in Geelong to find out more. By late April, the first of the 
virology results were received.  Of the first six samples examined, six were positive for 
dolphin Morbillivirus infection.  All were neonates or juvenile animals and five of the six 
had been collected from metropolitan beaches (Sellicks Beach, West Beach, Grange, 
Seacliff and North Haven). The sixth had come from Stansbury on the Yorke Peninsula. 

At this stage, it is considered most likely that the morbillivirus caused the immune 
suppression which allowed the fungal and parasite infections to thrive. In some cases, 
the morbillivirus itself was the primary cause of death.  The prevalence of young 
animals in the reports is not surprising, as the very young (and the very old) are 
generally more susceptible to infection by a wide variety of pathogens. 

Dolphin Morbillivirus 

Dolphin Morbillivirus is in a group of viruses which includes the virus that causes 
measles in humans, distemper in dogs and rinderpest in ruminants. There are several 
that have been recorded in marine mammals – but never in South Australia. 
Morbillivirus has been recorded in Bottlenose Dolphins from Queensland, northern New 
South Wales, Tasmania and Western Australia but this is the first time in Australia that 
such a large number of animals has died in the space of two months.  

There are several Morbillivirus species which lead to disease in dolphins and whales 
and have caused numerous deaths in other parts of the world. At this stage of the 
investigation information and evidence are still being collected and further test results 
are being processed. These will help build the picture of what is going on with the 

                                                           
3
 Necropsies for dolphins from Spencer Gulf and South-East to be undertaken in May. Findings will be placed on 

DEWNR website. 
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dolphins and the disease, and our understanding of this event will improve over time. 
However it is likely that many questions will remain unanswered.  

Typically, a Morbillivirus will cause illness only in members of one type or group of 
animals under natural conditions; and the host for dolphin Morbillivirus is cetaceans 
(dolphins and whales).     

Major epidemics can occur when cetaceans not previously exposed to the disease 
come into contact with it.  Not much is known about dolphin Morbillivirus in cetaceans 
but the literature suggests it causes lethargy, respiratory distress, sometimes abnormal 
behaviour patterns (such as striking their heads against rocks) or skin lesions; and can 
predispose the animals to secondary infections through compromised immune systems. 
Lethargy or certain abnormal behaviours may explain the bruising found on necropsied 
animals.  

The virus spreads through close contact between animals, including between mothers 
and newborns.  There is no known risk to humans from the virus. Humans have their 
own morbillivirus, measles.  

Current situation 

Testing for the disease in dolphins from outside the Gulf St Vincent region and any 
dolphins of other age groups and other species, is now the priority.  This will tell us how 
widespread the disease is in South Australia. Examinations of animals from Spencer 
Gulf and the South-East are still pending and findings will be posted on the DEWNR 
website once results are known. Virology results for other necropsied Gulf St Vincent 
animals are still pending.  

The majority of the post mortem examinations (18) are still to be fully analysed and 
reports finalised. Finalising these reports will confirm the role of dolphin Morbillivirus in 
the death of affected animals i.e. was dolphin Morbillivirus (where detected) the primary 
cause of death or was a secondary condition (such as an Aspergillosis infection) the 
primary cause of death? 

The deaths have become less frequent since the end of April so this outbreak may be 
coming to an end and hopefully our local dolphin populations have developed a level of 
immunity against this disease. We don’t know how the virus came to be in the Gulf St 
Vincent; why it was so prevalent in this species of dolphin; how long the disease may 
have been here, why the disease outbreak happened when it did and whether the 
environmental conditions contributed to the severity of the outbreak.  

One area of further study is to look back at the historical records (including dolphin 
samples) collected by the SA Museum over the last twenty years to test for the 
presence of the disease (or antigens) to see if dolphins have previously been carrying 
this disease – both in the Gulf St Vincent and in other parts of South Australia.  

As for the seeming concentration in Gulf St Vincent region, this may be related to the 
extent of the disease outbreak, the ecology or behaviour of the dolphin population in the 
region or the higher level of surveillance by people (more highly populated coastline).  
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The tests on animals from Spencer Gulf and South-East will help provide further 
insights. 

Human management of a wildlife disease in the marine environment is likely to be 
logistically impossible and certainly expensive.  For example, the affected animals 
cannot be quarantined and unaffected animals cannot be easily identified or captured 
for vaccinations. It is likely that many dolphins came into contact with the disease over 
the last few months, and survived. These animals have probably developed antibodies 
to the disease that will provide them and future off-spring a level of resistance against 
future outbreaks.  

There may be several thousand dolphins living in Gulf St Vincent. It would appear that a 
number of young animals have been removed from this population as a result of this 
disease outbreak. However breeding animals (adults) do not appear to have been 
significantly affected; so the conservation status of the species is not considered to be 
under threat. 

Dolphin Mortality Conclusions 

It can be stated with confidence that six Indo-Pacific Bottlenose Dolphins died following 
an outbreak of dolphin Morbillivirus, with secondary infections (due to compromised 
immune systems, probably caused by the Morbillivirus) also implicated. Similarities in 
post-mortem observations for a larger number of animals (where tests are still pending) 
indicate that further positive results for dolphin Morbillivirus can be expected.   Affected 
dolphins to date have been almost entirely young animals. As dolphins must develop 
their own immunity to Morbillivirus there remains a risk that some mortalities may yet 
occur in the near future. 
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Appendix 9 
 

EPA report on Port Stanvac Desalination Plant 
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Potential for events to be linked to point source pollution sources (including the 
Adelaide Desalination Plant) 

The wide geographical and time spread of reported mortalities (from Port Lincoln to Mt 
Gambier and over several weeks) strongly indicates that the event was not related to a 
single point source pollution source or incident. Any pollution event associated with 
these activities would likely dilute to the point they have no impact before travelling any 
significant distance, let alone the hundreds of kilometres over which these kills took 
place.   

Due to limited rainfall there were no stormwater discharges of significance during the 
period, nor were there any apparent changes to the normal discharge patterns from 
sewage treatment plants, power stations or other land based discharges. 

There have been various inferences that the fish kill events were directly caused by the 
Port Stanvac Desalination Plant, primarily due to either a discharge of brine (or low 
salinity water) or due to reductions in dissolved oxygen either discharged directly from 
the plant or through chemical interactions on the seafloor.  

The desalination plant is required to undertake comprehensive salinity monitoring at the 
seafloor around the diffuser, in addition to frequent dissolved oxygen monitoring. 
The EPA assessed available data including the salinity and dissolved 
oxygen measurements as well as other available data from the plant. All data has 
shown that the plant's discharge was compliant with its license conditions at all times 
and SA Water have advised that there were no activities undertaken at the site that may 
have introduced any additional pollutants into the discharge outside of their license 
conditions.  

  

Figure 1 Changes in salinity (ppt) with tide (m)over 5 days, from the 15
th

 of March to the 20
th

 of 

March 2013. 
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Figure 2 Changes in dissolved oxygen (mg/L) with tide (m) over nine days from 15
th

 March to 24
th

 

March 2013 (taken from (Kildea and Andreacchio 2013) 

 

This information was added to the weight of data on the desalination plant plume extent 
and the chronology of events for the fish kills around the State to conclude that all of the 
data pointed towards a regional scale effect not a localised point source pollutant. 

 


