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Abstract 
Oyster aquaculture represents a significant portion of both the Australian, 

and the global economy, with Crassostrea gigas (the Pacific oyster) 

representing the most heavily cultivated commercial species. However, 

infectious diseases have emerged as a major obstacle for the successful 

growth and sustainability of the oyster aquaculture industry. Oyster diseases 

are often complex, occurring as a result of disturbance in the synergistic 

relationship between the host, environment, and pathogen/s. Perturbations of 

environmental factors (e.g. temperature, salinity, nutrients, pH) can have 

direct influences on the oyster’s immune system, and can allow for the 

proliferation and transmission of oyster pathogens. In particular, two major 

pathogens of C. gigas, ostreid herpesvirus 1 (OsHV-1) and Vibrio species, 

are both strongly driven by temperature. One such understudied factor that 

may influence oyster disease dynamics is the oyster microbiome. Studies in 

other model systems have shown the involvement of the microbiome in 

animal health, disease, and behavior. Because of this, it is likely the oyster 

microbiome also plays a role in oyster disease dynamics. The work presented 

in this thesis aimed to use a microbiome approach to provide further 

understanding of oyster diseases. 

 

 

 

 

 

 

 

 

 



Thesis prelude – rationale, significance and aims 
The Australian aquaculture industry is valued at $1.31 billion AUD, 

representing 97,000 tonnes of production (ABARES, 2017). Of this, the 

oyster aquaculture industry contributes $97 million AUD, and 11, 300 tonnes 

of production (ABARES, 2017), making it a valuable contributor to the 

Australian economy. However, a major hurdle to the continued growth and 

sustainability of the oyster industry are infectious diseases (Lafferty et al., 

2015).  

 

Of the commercially cultivated oyster species, Crassostrea gigas (the Pacific 

oyster) is the most heavily cultivated globally (FAO, 2016a). Despite this, 

commercial cultivation of C. gigas has been continually challenged with 

disease outbreaks facilitated by viral, bacterial and unknown aetiological 

agents (Lipovsky, 1972; Paillard et al., 2004; Jenkins et al., 2013; King et 

al., 2019a). Current efforts to mitigate the impact of C. gigas diseases are 

focused on breeding for disease resistance (Dégremont, 2011; Dégremont et 

al., 2016b). This usually involves exposing oysters to disease in the field and 

breeding the surviving oysters (Dégremont, 2011). While breeding for 

disease resistance has been successful in reducing the impact of these 

diseases, the mechanism/s behind this protection are poorly understood. 

 

Due to the economic importance of C. gigas cultivation, studies have sought 

to examine the causative factors driving these oyster disease outbreaks, with 

shifts in the environment (perturbations) often implicated as ‘triggers’ for 

disease (Burge et al., 2006; Malham et al., 2009; Jenkins et al., 2013; 

Mortensen et al., 2016; Go et al., 2017).  These oyster diseases are complex, 

often preceding from a disturbance in the synergistic relationship between 

the host, environment, and pathogen. For example, shifts in environmental 



conditions (such as increasing temperature) can drive oyster pathogen 

transmission and abundance (Petton et al., 2013), while also acting as an 

immune suppressant to the oyster, as they near their thermal limits (Bougrier 

et al., 1995). One such host associated factor that may be contributing to 

oyster disease dynamics is the oyster microbiome. 

 

In recent years, the oyster microbiome has drawn an increasing amount of 

attention to determine its role in oyster disease dynamics (Lokmer and 

Wegner, 2015; Petton et al., 2015; Green et al., 2019; King et al., 2019a; 

King et al., 2019b; King et al., 2019c). However, at the onset of this PhD 

project, most disease-focused microbiome studies had been culture 

dependent (Garnier et al., 2007; Petton et al., 2013; Wendling et al., 2014; 

Lemire et al., 2015; Petton et al., 2015), with only one study employing 

culture-independent sequencing techniques (Lokmer and Wegner, 2015). 

Because of this and because of considerable C. gigas disease outbreaks in 

Australia in previous years (Jenkins et al., 2013; Go et al., 2017), this PhD 

project set out to gain further insight into the oyster microbiome. 

 

This thesis has set out to address five aims, with the overarching goal to 

provide an improved understanding of oyster diseases using a microbiome 

approach. Ultimately, the information provided in this thesis will set the 

framework for future studies by identifying potential probiotic targets in the 

oyster microbiome and providing new microbiome approaches to oyster 

diseases for future disease-focused observational studies. 

 

The below aims correspond to chapters one to five accordingly: 

 

Aim one: To provide a critical review of oyster diseases, with an emphasis 

on the environmental drivers and the potential role of the microbiome. 



 

Aim two: To use a microbiome approach to investigate a C. gigas disease 

outbreak in Port Stephens. 

 

Aim three: To elucidate how breeding C. gigas for disease resistance 

influences microbiome composition and to identify bacteria associated with 

disease resistance. 

 

Aim four: To determine microbiome patterns across geographic locations 

and tissue-types and identify core taxa innately tied to the C. gigas 

microbiome. 

 

Aim five: To develop an amplicon sequencing assay for improved 

taxonomic resolution of the Vibrio community and to apply it to a laboratory 

C. gigas disease event.
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