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Executive summary

The black-lip oyster (BLO) has been identified as a tropical edible oyster species that could
be cultivated on a commercial basis in Northern Australia (Queensland, Northern Territory,
and Western Australia). This industry could generate employment, production diversification
and economic growth for communities living in northern rural coastal regions of Australia.
However, to develop this industry a better understanding about the potential supply chain for
this shellfish product is required. Since Australia produces several other oyster species on a
commercial basis, information from the oyster supply chains of these industries can be useful
in guiding the development of a supply network BLOs.

This study has three main aims. The first is to explore the development status of the BLO
oyster supply chain. The second is to map and describe the supply and value chains of other
edible oyster species which are currently produced in temperate regions of Australia (e.g.,
Sydney rock oyster, flat oyster) and to identify potential issues and opportunities associated
with their supply chains. The third aim is to synthesize findings from the first two aims and to
derive recommendations for the development of a tropical oyster industry and supply chain in
Northern Australia.

To collect information about the oyster supply chains a mixed method approach was used
consisting of semi-structured interviews with supply chain stakeholders during October 2019
and February 2020 (prior to the COVID-19 crisis in Australia), a literature review and a web
search for retail price information.

The scope of this study did not include an assessment of Australia’s Pacific oyster (PO) supply
chain since this industry has been affected by the Pacific Oyster Mortality Syndrome (POMS),
a disease which significantly impacted the industry’s production volume and supply chain
network. Yet, in a different context, e.g., supply chain adaptation to supply shocks, an analysis
of the PO supply and value chain may provide stakeholders with useful insights.

The findings of the present study indicate that:

o the BLO supply chain is currently at a very early stage of its development with only
small commercial volumes being produced in Queensland and by two indigenous
communities in the Northern Territory;

o the market for this shellfish product is presently mainly local, with the product being
supplied by farmers either directly to consumers and restaurants or to
processors/wholesalers which distribute to restaurants and fishmongers;

e amajor limitation for any increase in the production volume of BLOs is the current lack
of hatchery spat supply for this species, as wild spat, although abundant in tropical
regions of Australia, appears to be difficult to catch;

o there are several other tropical oyster species present in northern Australia and a clear
genetical identification is needed to differentiate these species from each other;

e the current shellfish quality assurance program for temperate oyster species needs to
be amended to reflect seafood safety requirements for tropical oyster species; and

o there is limited information available about the potential domestic demand for this
oyster species.

The assessment of the flat oyster (FO) supply and value chain suggests that this supply
network is more mature than the distribution network of BLOs. The FO can be considered as
a niche product due to its distinct taste and low production volume. Although hatchery spat
seems to be readily available for this species, the specific environmental and spatial conditions
in which FOs thrive appear to limit any expansion of the production volume and subsequently
any further increase in the production of this oyster species. The analysis of the supply chains
for BLOs and FOs revealed similarities between both networks, such as the requirement for



hatcheries to provide spat as an production input, the current low production volume and the
need to further develop the market of these aquaculture products. The similarities suggest that
the domestic fine-dining niche market could be a potential target market for the BLO industry.

The findings for the Sydney rock oyster (SRO) supply chain showed that the distribution
network for this oyster species is relatively mature and that SROs are almost exclusively
supplied to the domestic market. The traditional processor/wholesaler supply chain model was
identified as still playing a dominant role, despite criticisms that it does not generate enough
value within the supply chain. Over the past five years a range of other supply chain models
have emerged with premium oyster wholesalers, a seafood agent and a horizontally and
vertically integrated corporation now taking stakes in the processing and distribution of this
oyster species. These relatively new entities within the supply chain have more focus on the
marketing and branding of the oyster product, on establishing links between farmers and the
retail entities and subsequently to oyster consumers. The structure of the SRO supply chain
also shows a high dependence on the distribution of oysters through the domestic foodservice
sector which carries high risks for the supply of the product in case of disruptions affecting this
retail entity.

The results suggest that oyster farmers choose a specific supply chain model based on the
net financial value and competitive advantage, as well as other considerations such as:
farmers’ ability, skills, interest in maximizing profits, knowledge about consumer demand,
freight costs, access to market information and capital, time/effort to develop network links,
interest in collaboration with other farmers and existing trust-based relationships.

The following recommendations for the development of a tropical oyster industry in Northern
Australia are provided:

1. Establish a stable spat supply by hatcheries, with at least one hatchery in each
state/territory to reduce dependence on a single input provider that could hamper input
supply in situations such as disease outbreaks;

2. Continue research directed at technological improvements, potential pest and
diseases and grow-out systems;

3. Improve access to capital by developing more reliable production and supply chain
models and reducing risks;

4. Improve production skills and business aspects of oyster farmers, perhaps through
mentoring by farmers in existing oyster industries;

5. Ensuring consumer safety of shellfish produced in Northern Australia, and improving
food safety infrastructure at which food safety tests can be conducted within short
periods of time;

6. Improve market development through consumer demand analysis for BLOs, marketing
initiatives, and authenticity/product traceability;

7. The development of export strategies for the BLO may be a longer-term priority, where
research into demand testing, branding and export protocols may be necessary;

8. An industry development plan should be established by all stakeholders of the BLO
industry and Oyster Australia and may initially be driven by a consortium of Northern
Australian Governments.

Overall, the development of a new oyster industry in Northern Australia appears to be
challenging with several issues that need to be addressed. Yet, if successfully established,
the oyster industry in the northern regions of Australia has the potential to contribute positively
to income generation in rural coastal regions where employment opportunities are limited,
hence, contributing to the economic growth and community development.



1 Introduction

The aquaculture industry in the northern regions of Queensland (QLD), the Northern Territory
(NT) and Western Australia (WA) has been growing gradually over time, particularly in QLD
(e.g., prawns, barramundi, red claw, oysters) and WA (e.g., pearl oysters, barramundi, marron,
blue mussels) (ABARES, 2018). The further expansion of the aquaculture industry in this
region has been identified as a potential source for future employment opportunities,
production diversification and economic growth for communities living in northern rural coastal
regions of Australia.

The governments of the northern states and territory have recognized the potential to develop
a tropical edible oyster industry in this region based on naturally occurring oyster species,
such as the black-lip oyster (Saccostrea echinate/Striostrea (Parastriostrea) mytiloides) (BLO)
and the milky oyster (Sacostrea cucullata) (MO). Of particular interest is the BLO due to its
distinct taste, attractive shell shape, and relatively short grow-out period (18 months - 2 years)
(Nowland, O’Connor, Osborne, et al., 2019). Yet, the commercial production of BLOs is
currently at a very early stage of development with only very small commercial volumes being
produced in QLD and in indegionous communities in the NT (Nowland, O’Connor, Osborne,
et al., 2019).

Oyster production in temperate regions of Australia has a long history involving three oyster
species: the Sydney rock oyster, the Pacific oyster and the flat oyster (Nell, 2001; Schrobback
et al., 2014a). The native Sydney rock oyster (Saccostrea glomerata) (SRO) is produced in
New South Wales (NSW) and southern QLD were it naturally occurs in estuaries. The non-
native and habitat invasive Pacific oyster (Crassostrea gigas) (PO) was introduced to
Tasmania (TAS) and South Australia (SA) in the 1950/60s to supplement native oyster
production in Australia (Nell, 2001; Schrobback et al., 2014b). The SRO and PO are the main
commercial oyster species in Australia which together contribute approxemately 95-98% of
the total edible oyster production volume (ABARES, 2018; Schrobback et al., 2014b). In
addition to the two key commercial temperate oyster species the flat oyster (FO), often called
Angasi oyster (Ostrea angasi) or mud oyster, which is a native species, is also grown on a
small commercial basis in NSW, TAS and SA (Nell, 2001; Schrobback et al., 2014b).

Information from the oyster supply chains of the established industries can be useful to guide
the development of a supply network for BLOs. Yet, there is currently only limited information
available about the existing supply chain of oysters in Australia. For example, Comiskey
(2009) provided a broad structure of the existing oyster supply chains without offering detailed
information about the processes within the chain (e.g., integration). Other authors have only
focused on the consumption stage within the supply chain by investigating consumer demand
for oysters in Australia (e.g., e.g., Kow et al., 2008; Liu et al., 2006; Mueller Loose et al., 2013).

Hence, the aims of this study are threefold. The first is to explore the development status of
the BLO supply chain. The second is to map and describe the supply and value chains of
edible oyster species which are currently produced in temperate regions of Australia (e.g.,
Sydney rock oyster, flat oyster) and to identify potential issues and opportunities associated
with these supply chains. The final aim of this study is to synthesize findings from the first two
aims and to derive recommendations for the development of a tropical oyster industry and
supply chain in Northern Australia.

To achieve these aims, a mixed-method approach was used which included a review of the
extant literature comprising scientific and socio-economic aspects of the oyster supply chain
(e.g., hatchery spat production, production methods). In addition, semi-structured interviews
of oyster supply chain stakeholders in QLD, NSW, NT and WA were conducted during October
2019 and February 2020 (prior to the COVID-19 crisis) to obtain information about the oyster
supply chain structure and processes and the value chain. As well, an extensive internet
search for retail price information was conducted to collect data about the oyster value chains.
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An assessment of the supply chain of Australia’s PO industry was not within the scope of this
study since this industry has been affected by the Pacific Oyster Mortality Syndrome (POMS),
a disease which significantly impacted the industry’s production volume and supply chain
network in recent years. Yet, in a different context, e.g., supply chain adaptation to supply
shocks, an analysis of the PO supply and value chain may offer oyster supply chain
stakeholders with useful insights.

The scope of this study was also limited to the fresh oyster supply chain (e.g., opened or
unopened) since most of the oysters produced and consumed in Australia are either sold as
unopened, fresh-opened (natural) or fresh-prepared (e.g., natural with lemon or Kilpatrick).

This study did not intend to analyse a seafood supply chain from a logistic perspective. Such
analysis would require commercially sensitive information from different independent entities
within supply chains which are typically difficult to access.

The assessment of the supply and value chains was conducted on an industry scale and from
a behavioural and economic perspective to analyse how the oyster farmers manage the
distribution of their product to their consumers, and drivers for the adoption of supply chain
approaches.

The study is restricted to an assessment of the following supply chain stages: production input,
production, processing, wholesale, and retail. An assessment of consumer perception of
oyster and their demand for this seafood product was not part of this study since a number of
studies have already focused in this supply chain segment (Intuitive Solutions, 2016, 2019;
Kow et al., 2008; Lawley, 2015; Lawley & Birch, 2016; Liu et al., 2006; Mueller Loose et al.,
2013).

A small proportion of oysters consumed in Australia are imported either as fresh oysters from
New Zealand (about 3% of the total volume of oyster consumed) or as prepared oysters (e.g.,
canned) (ABARES, 2018), neither of which are not included in the scope of this study.

The findings of this study contribute detailed information about oyster supply chains in
Australia and summarise issues and opportunities which may need to be addressed within the
individual oyster industry segments (e.g., BLO, SRO, FO). As well, this study significantly
contributes to the broader literature about seafood supply chains in Australia since only a
limited number of studies have been conducted in this area thus far (e.g., e.g., Denham et al.,
2016; Farmery et al., 2015; Fleming et al., 2014; Howieson et al., 2013; Lim-Camacho et al.,
2015; Plagéanyi et al., 2014; van Putten et al., 2016).

The report is outlined as following. Section 2 offers a description of the methodology including
survey design and information about progression of the sample collection. The results are
presented in section 3 and a discussion of the findings are offered in section 4 before
concluding in the report in section 5.

2 Methodology

This study uses a mixed-method approach to derive information about the fresh oyster supply
and value chains in Australia. This approach consists of a literature review, an internet search
about oyster price data sold at retail level, and semi-structured interviews of primary supply
chain stakeholders (e.g., oyster farmers, processors/wholesalers, retailers) and secondary
supply chain stakeholders (e.g., fishery managers, NGO) in QLD, NSW, NT and WA.

A literature review about oyster supply chains and general seafood supply chains in Australia
was conducted to establish a basis for the investigation in this study. Of particular use were
the contributions by Comiskey (2009) who has previously conducted research in this area and



provided the baseline for the present study. Other authors have undertaken research about
specific components of the oyster supply chain, such as consumer demand in Australia
(Intuitive Solutions, 2016, 2019; Kow et al., 2008; Liu et al., 2006; Mueller Loose et al., 2013)
and issues in hatchery rearing (e.g., McDougall, 2018; Nowland et al., 2018; Nowland,
O'Connor, et al., 2019; Nowland, O’Connor, Penny, et al., 2019; Southgate & Lee, 1998).

A qualitative approach to the data collection for this study was chosen due to the type of
information needed (e.g., structural network, network components, processes within the
network) and the exploratory nature of the research. Le Bihan et al. (2018) provided a
summary of the oyster value chain in France which offered useful insights for selecting the
methodology used in the present study. Considering the supply chain assessment guidelines
suggested by Schrobback et al. (2019) and Bonney et al. (2009), a questionnaire focusing on
broad themes such as the structure of the supply chain (e.g., actors and links among the
actors within the chain, dominant elements) and processes within the chains (e.g., presence
of forms of vertical coordination, value creation, status of traceability and sustainability within
the supply chain) was developed. The questionnaire was supplemented by a draft supply and
value chain for fresh oysters which was derived based on the extant literature. The appendix
provides an overview of the questionnaire.

The use of semi-structed interviews, which was aligned with the questionnaire, allowed the
interviewer to deviated from research questions depending on the responses given by
participants which allowed the consideration of new ideas and perspective brought into the
discussion. This was considered as useful given the exploratory nature of this study. The
interview was targeted at input providers (e.qg., hatchery operators, scientists), oyster farmers,
processors, wholesalers, retailers, scientists, fishery managers and NGOs.

Random sampling was used to minimise any potential bias in participant selection. To
incentivise participation in this study the research team offered a $50 gift voucher for the
completion of each interview. The interviews were conducted during October 2019 and
February 2020 via telephone or online video conference. Participants were interviewed
individually and were not identifiable by other participants. The interviews took between 30-90
minutes. Ethical approval for the data collection involving humans was obtained from Central
Queensland University (approval number: 0000021959). Table 1 offers a summary of the
interviewees who participated in this study. All interviews were recorded and transcribed for
analysis.

An internet search about oyster price data at the retail level complemented the interviews to
develop information about the value chain. For example, oyster price data was collected from
menus available on restaurants’ websites. An average over 74 restaurants was taken to derive
a mean price per dozen oysters. For food chain retailers and fishmongers, the websites of
major supermarkets and seafood markets was inspected for price information. Local
supermarkets were visited to confirm product pricing and to gain additional information from
product labeling in seafood displays.



Table 1: Descriptive information about the sample

Years of

Identifier | Supply chain role State experience in Species

handling oysters
ID1 Scientist NSW >20 SES PO, FO,
ID2 Processor/wholesaler QLD 10 SRO, PO
ID3 Wholesaler NSW/QLD 5 SRO, PO, FO
ID4 Input provider/farmer NSW 20 SRO
ID5 Wholesaler NSW 4 SRO, PO, FO
ID6 Farmer QLD >20 SRO
ID7 Fishery manager NSW >20 SRO, PO, FO
ID8 Farmer NSW >20 SRO, PO, FO
ID9 Input provider/farmer QLD >20 SRO, BLO
ID10 Fishery manager QLD 15 SRO, BLO
ID11 Fishmonger QLD 15 SRO, PO
ID12 Fishmonger QLD 15 SRO, PO
ID13 Fishery manager NSW 10 SRO, PO, FO
ID14 Fishery manager NT 4 BLO
ID15 Fishery manager QLD 3 BLO
ID16 Scientist QLD 2.5 BLO
ID17 Farmer QLD 20 SRO
ID18 Input provider WA ~20 SRO, BLO, FO
ID19 Farmer NSW 12 SRO
ID20 Farmer QLD 4 SRO
ID21 Scientist NT 6 BLO
ID22 Processor/wholesaler QLD 20 SRO, PO
ID23 Farmer NSW 32 SRO
ID24 Farmer NSW 5 SRO
ID25 Farmer NSW ~20 SRO, FO
ID26 Input provider/farmer NSW ~20 SRO, FO
D27 Farmer NSW 10 SRO
ID28 Farmer NSW 5 SRO
ID29 Farmer NSW 30 SRO
ID30 Farmer NSW 40 SRO, FO
ID31 Farmer NSW 2 SRO
ID32 Farmer NSW 5 SRO, FO

Note: NSW for New South Wales, QLD for Queensland, SRO for Sydney rock oyster, PO for Pacific
oyster, BLO for Black-lip oyster, FO for flat oyster. “Fishery manager” includes government
representatives, NGO and industry body representatives. Two representatives of Oyster Australia were
interviewed, yet their identity is kept confidential in the table as per data collection agreement between
all participants and the research team.



3 Results

The analysis of the collected data provided information about the entities within oyster supply
chains, their role in the network and links between them as well as processes within the chain,
such as value creation, collaboration and integration. Interviewees were also asked about their
perspectives on supply chain traceability and sustainability.

Section 3.1 provides a description of supply chain entities and their role in the fresh oyster
supply chain. Section 3.2 offers findings about the development status of the BLO supply
chain. In section 3.3 and 3.4 the supply chain maps and a description of the processes with
the chains of the SROs and FOs are presented.

3.1 Oyster supply chain stages and entities

This section offers a brief overview about the stages of oyster supply chain which includes a)
production input, b) production, c) processing, d) wholesale, e) retail, and f) consumption
(Figure 1). Entities within these supply chain stages (e.g., restaurants, supermarkets,
fishmonger which belong to the retail stage) as well as their role within the supply chain are
described.

Figure 1: Supply chain stages

Production input Production Processing Wholesale Retail Consumption

It should also be highlighted that not every supply chain stage (e.g., processing/wholesale) or
entity (e.g., seafood wholesaler, agent) which will be described in this section may be included
in the material following on supply chain maps for each species, yet, for completeness and as
a reference a brief overview is provided in the following sub-sections.

Production input stage

The essential input to oyster production is brood stock that produces larvae and develops into
juvenile oysters, which is more commonly referred to as oyster spat. For native oyster species,
such as SRO, BLO, and FO oyster spat can be caught by farmers in the wild using specific
infrastructure (e.qg., plastic slats) on which juvenile oysters can settle. Once settled oyster spat
is transferred to grow-out furniture (e.g., baskets, bags, trays). Wild collection of oysters spat
depends on the environmental conditions (e.g., rainfall), the natural oyster abundance in a
location, farmer’s awareness of wild spat being available and their ability to collect spat using
appropriate infrastructure, and the settlement and settlement density of oyster spat on the
collection furniture.

Hatcheries are an additional source for native oyster leave and spat. Farmers of native oyster
species consider the use of hatchery spat as a form of production risk management due to the
difficulty of collecting spat for native species. The use of hatchery spat also provides the
opportunity to develop different seasonal growing schedules compared to being depending on
the relatively fixed timing of natural oyster spawning.
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Oyster hatcheries are particularly important to produce FOs in NSW due to the limited
abundance and difficulties to catch spat for this species.!

The general process within oyster hatcheries includes brood stock being supplied from wild
caught stock by farmers to hatcheries. Hatchery operators condition and spawn the bloodstock
to produce larvae. Hatcheries which offer selectively bred oyster family lines (e.g., disease
resistant, fast growth) also undertake a genetical assessment and selection of the brood stock.
Larvae are tended regularly until the end of the larval cycle when they can be placed into
settlement tanks (O'Connor et al., 2008). When settled the larvae transforms into spat. At this
stage they are either sold to farmers or are transferred into a nursery system at the hatchery
before sold to growers (O'Connor et al., 2008).

Production stage

The production stage within the oyster supply chain includes various activities to cultivate the
organism from a spat phase to a marketable size in grow-out furniture which is placed on
oyster leases in estuaries. The production stage also includes the harvest of the oysters and
the supply of oysters to the market.

The selection of grow-out infrastructure (e.g., baskets, trays, bags, long-lines) and production
systems (e.g., intertidal, sub-tidal) depends on the location of the oyster lease and the local
marine environment (e.g., tidal change, turbidity). Typically, there is a range of other farm
infrastructure needed on an oyster farm, such as a barge, grading equipment, a storage/work
sheds (and land), and a vehicle for the transportation of the product to the first up-stream entity
within the supply chain.

Oyster cultivation is a regulated activity in all Australian jurisdictions meaning that the
production of oysters is only permitted on approved oyster aquaculture leases. The respective
state and territory governments hold authority over lease approval and allocations. It is
common that oyster farmers hold several oyster leases which are suitable for cultivating
oysters at different life stages, e.g., spat collection, growing the spat to a mature or semi-
mature stage, maturing and fattening the oysters (QLD DAF, 2015). The respective state and
territory government also regulates translocation procedures, food safety aspects, enforces
compliance with environmental and marine park regulation (QLD), assists with the
management of diseases and helps with the review and development of industry management
strategies (QLD DAF, 2015).

The grow-out time to a marketable size differs significantly between the oyster species. For
example, the SRO requires about 2.5-3.5 years, for FO it is 18 month-2 years, and for BLO it
is about 2 years.?

There are several risks which can affect the cultivation of oysters including diseases, such as
mudworm, winter mortality and QX (Queensland Unknown) for SROs and Bonamia ostreae
for FOs, high volume rainfall events which can lead to temporary closures of production areas,
and oyster theft and lease vandalism.

Once oysters are grown out to a marketable size, they are harvested by removing them from
the grow-out furniture and graded and cleaned (primary processing) before they are distributed
to up-stream entities within the supply chain which could include several different channels

1 The PO industry is entirely reliant on hatchery production spat since this species is not native to
Australia, hence, the brood stock does not naturally occur in TAS, SA and NSW. Prior to POMS,
hatchery production for PO spat took mainly place in TAS which supplied producers in TAS, SA and
NSW. Due to POMS and restrictions on the translocation of live POs including spat, production of POs
in SA and NSW reduced significantly as farmers were unable to restock their leases. In response to this
issue, the industry in SA is now in the process of setting up two hatcheries to minimise its dependence
of oyster farmers in SA on TAS hatchery spat in future.

2 The grow-out time for POs is 18 month-2 years.
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(see more detail in sections 3.2-3.3). Transportation costs to the first point of product sale
within the supply chain is typically paid for by farmers unless other arrangements are made
between farmers and first point of sale within the supply chain. Freight costs can vary
significantly depending on distance between farm and receiving location (e.g., local market
vs. interstate) and the volume of shipment (e.g., one dozen in box vs. one pallet).

As a perishable good with a short shelf-life (approximately 5-14 days depending on the
species) the essential features of the oyster supply chain from the point of harvest are cooling
and the requirement of short lead-times. The perishable nature of oysters and the health risk
associated with unsafe seafood consumption for humans requires compliance with national
food safety standards at every stage of the oyster supply chain from harvest (production) to
presentation (retail) of the product to consumers (Food Standards Australia New Zealand,
2005). The standards which specifically apply to the oyster industry is the Australian Shellfish
Quality Assurance Program (Australian Shellfish Quality Assurance Advisory Committee,
2019).

Processing/wholesale stage

Oyster growers are typically not opening the harvested oysters themselves due to the labour
requirements involved. Hence, oysters are transferred from the farms to processors which
clean, grade, open (or not), and package oysters before selling them on to up-stream entities
within the supply chain. The opening process is referred to as “shucking oysters”. Processors
are businesses that are either specialised in oyster processing (which are typically relatively
small businesses, also called specialty wholesaler) or are general seafood processors which
handle large amounts of fish and seafood species. There are also processors/wholesalers
which specialise in the export of seafood, including oysters.

Commonly, processors consolidate oyster supply and therefore take on wholesale functions
within the chain by distributing the product on to the retail stage within the chain (e.g.,
restaurants, food chain retailers and fishmongers). Transportation from the
processors/wholesalers to up-stream supply chain is typically organized by the up-stream
entities or handled by processors/wholesalers at a cost charged to the up-stream entities.
There may be other types of wholesalers present within the oyster supply chain such as
seafood agents and premium oyster wholesalers (more detail about these entities is offered
in section 3.2.2).

Retail stage

The retail stage within the oyster supply chain includes entities such as foodservices, food
chain retailers/independent food retailers and fishmongers.

Foodservices

In Australia, oysters are most commonly consumed in restaurants, clubs, cafes and other food
vendors as an entrée dish (Comiskey, 2009; Liu et al., 2006). Restaurants source oysters
through different channels (e.g., processors/wholesalers, specialty wholesalers, fishmongers
or directly from farmers) (see sections 3.2-3.3). Foodservices offer oysters opened in half-
shell as natural or with different dressings and toppings (e.g., lemon, mignonette, Kilpatrick)
which can be considered as an added value. Foodservices in Australia are exempt from
mandatory country of origin labeling or any other seafood labeling requirements. This means
that information about the oyster species offered at restaurants is not required to be made
available to consumers on menus.

Food chain retailers

Food retailers are distributors for retail food, including seafood (Spencer & Kneebone, 2012).
The food retail channel consists of full-service supermarket chains (e.g. Coles, Woolworths,
IGA) and independent grocery stores (Spencer & Kneebone, 2012). Food retailers offer fresh
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seafood typically only SROs and/or POs since these industries provide sufficient product
volume. Food retailers commonly procure their oyster supply through processors/wholesalers
on either a contract basis or spot market basis.

The sourcing of product through the processing/wholesale sectors offer food chain retailers
security in supply volume. Supermarkets typically add value to the oyster product through
transportation from supplier or customers (for online orders), seafood marketing in form of
physical display at the store, preparation advice (e.g., monthly retail magazine, seafood
pamphlets) or online marketing. In contrast to seafood sold through foodservices, packed
seafood, including oysters, at the retail level in Australia must be labelled with the amount of
seafood content, type of seafood, directions to use and nutritional information (IBISWorld,
2019). Yet, fresh seafood does not require the same level of detail as other packaged
manufactured food products. Only origin, species and age of seafood needs to be recorded
and made available for inspection for retail sales (IBISWorld, 2019).

Fishmongers (seafood markets)

Fishmongers are specialty fish and seafood retailers (IBISWorld, 2019). They offer greater
expertise regarding the fish and seafood selection and offer customer advice, such as seafood
preparation compared to food retailers (IBISWorld, 2019). Fishmongers rely on the
processing/wholesale sector for their supply of opened and unopened oysters to source
reliable product volumes.

Fishmongers typically offer a range of retail services, such as, physical display and direct sale
of opened and/or unopened oysters, online order opportunity for customers (individual private
customers and restaurants), take-away and eat-in services (IBISWorld, 2019). The labeling of
seafood, including oysters, is compulsory for fishmongers/seafood markets in Australia (as
above for food retailers).

Consumption stage

Detailed information about oyster demand and consumer characteristics are provided by Liu
et al. (2006), Kow et al. (2008), Mueller Loose et al. (2013), Intuitive Solutions (2016), Intuitive
Solutions (2019) and Lawley (2015). A more detailed analysis of oyster consumption in
Australia was not within the scope of this study.

3.2 Development status of the black-lip oyster supply chain

Based on the interviews with stakeholders of the BLO industry a map of its supply chain
structure was developed which is presented in Figure 2. The interviews revealed that the BLO
industry is at a very early development stage, which is supported by Nowland, O’Connor,
Osborne, et al. (2019). There is currently only a very small volume of BLOs produced on a
commercial basis in QLD (about 1,000 dozen/per annum (Nowland, O’Connor, Osborne, et
al., 2019)) and the NT.

The findings revealed that oyster spat as a production input in QLD is currently collected in
the wild, while the small scale commercial BLOs production in the NT is using spat produced
in experimental trials. Participants mentioned that wild BLO spat supply is relatively unreliable
as this oyster species does not recruit consistently in large quantities. The interviewees
highlighted the need to develop protocols to produce BLO spat in hatcheries as the
fundamental basis for the development of a commercial BLO industry. At this stage, hatchery
spat production of BLOs is at an experimental stage with elementary research about larvae
development and settlement having been conducted only recently (Nowland et al., 2018;
Nowland, O'Connor, et al., 2019; Nowland, O’Connor, Penny, et al., 2019). Trials about
different grow-out systems have been undertaken which revealed that an intertidal production
system may be favorable for commercial production, however, these require further
optimisation. Further research about hatchery spat production and grow-out techniques is
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currently conducted in a fishery research facility operated by the NT Government and a
shellfish hatchery in WA. Consequently, no hatchery spat for BLOs is currently being produced
for commercial grow-out. Despite research into the development of hatchery protocols for this
oyster species currently being funded, participants emphasised the need for future funding in
this field of research and the need for incentives and support for commercial hatcheries to
take up tropical oyster spat production. It was also mentioned that there may be an opportunity
for private investment in the development of hatchery spat production for BLOs but that a long-
run commitment by investors would be required since no short term or medium term return
can be guaranteed.

Previous research has also shown that there is a lack in the understanding about the genetic
taxonomy of tropical oysters (McDougall, 2018). More recent research has found that there
are several tropical oyster species present in NA, including QLD, and that these species need
to be genetically identified to avoid that several distinct oyster species are categorised as one
species. A clear identification of oyster species is believed to also assist with the grading,
marketing and with translocation of brood stock.

Additional investment is needed to enable the development of the BLO production and its
potential supply chain. This will include, for example, licensing and the development of
shellfish quality assurance policies. Although the Australian Shellfish Quality Assurance
Program (Australian Shellfish Quality Assurance Advisory Committee, 2019) is in place it was
noted that this program is directed at temperate shellfish species and would need to be
adapted to reflect tropical shellfish quality and safety requirements. For example, tropical
oysters may have different cold chain requirements, as they are grown and handled in warmer
environmental conditions compared to temperate oyster species.

The respondents mentioned that the infrastructure needed to conduct compulsory food safety
tests in laboratories is not currently given in NA which requires producers to send their
samples either interstate (for NT) or to capital cities (QLD, WA). Moreover, the lack of access
to capital for remote communities to set up a marine aquaculture farms could be a factor which
may limit the development of BLO production.

With respect to the production of BLOs in QLD, respondents mentioned that the allocation of
oyster leases in tropical regions may be an issue. Potential aquaculture areas that are located
within the Great Barrier Marine Park (GBMP) are limited due to the spatial zoning that define
which activities can occur in different locations within the GBMP. This may restrict the spatial
expansion of BLO cultivation in QLD but may not be an issue for the industry development in
WA and the NT. However, it was also mentioned that off-bottom oyster production
infrastructure may have very limited impact on the reef and that the net effect of oyster
production in the reef environment is likely positive for the reef (e.g., filter feeding organism
which removes nutrients from the water). However, there are other potential production risks
for the cultivation of tropical oysters which temperate oyster cultivation is not exposed to, for
example, crocodiles and cyclones/frequently high winds. Interviewees argued that these risks
could be mitigated by using an intertidal grow-out system to avoid issues with crocodiles (e.g.,
stock monitoring and grading could be done during low tide), and temporal removal of stock
from exposed area during extreme storm risks.

The findings revealed that the small volume of BLOs that is produced in QLD and the NT is
currently supplied to the market by farmers selling the product directly to consumers or to local
restaurants (see Figure 2). A small volume is supplied to local processor/wholesalers which
also offers BLO retail services (e.g., integrated foodservice). Yet, the processor/wholesaler
component of this entity also distributes BLOs to fishmongers and other local restaurants.
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Figure 2: Black-lip oyster supply network map
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Hence, the market for BLOs is currently local in spatial scale, yet interviewees expected that
this oyster species could in future also be supplied to the domestic market with more reliable
production volume being available. The stakeholders of the BLO industry raised the potential
for BLOs to develop into a niche market product targeting fine-dining restaurants in the
Australian capital cities. However, it was also mentioned that for the supply chain to develop
into an efficient distribution network, the consumer demand for BLOs will need to be
investigated further.

Unfortunately, information about the value chain of BLOs were not made available by
participants on the bases of the small scale of production and the commercial interests of
supply chain stakeholders.

In summary, the findings show that the development of the BLO industry is in a very early
phase. There are a range of critical factors (e.g., lack of commercial hatchery supply of spat,
food safety policies to be developed, potential limitation to lease area expansion in QLD,
production risks, access to capital for potential farmers, need for research funding) which need
to be considered for the development of the supply chain for tropical oysters. Respondents
mentioned that it might take about 5-10 years to attend to these challenges and to develop
the BLO industry from this early stage into a more commercial oyster industry.

3.3 The Sydney rock oyster supply and value chain

The SRO industry has a long history in Australia (Schrobback et al., 2014a), hence, its supply
chain structure is relatively mature, specifically in comparison to the supply network of the
BLO. The annual production volume and production value at 6.2 million dozen and $53.6
million in 2018/19 (NSW DPI, 2020) make this sector significantly larger than for BLOs and
FOs.

The findings from stakeholder interviews about the structure of the distribution network for
SROs at an industry level will be presented in section 3.3.1. In section 3.3.2 supply chain
models which were identified within the broader supply chain structure as well as the
associated value chains will be presented. Section 3.3.3 offers a summary of issues and
opportunities that affect the SRO supply network which were raised by stakeholders.

3.3.1 SRO industry supply network map

Figure 3 presents a map of the SRO supply chain at an industry level which was developed
based on the conducted interviews.

The structure of the distribution network shows that about 70-80% of spat used for SRO
cultivation is sourced by farmers from the wild. Only about 20-30% of spat used by the industry
is from hatchery production. After cultivation, the spat is typically transferred to a nursery within
the hatchery for maturing. Yet, there have also been reports that small spat (~1 millimeter in
size) has been supplied directly from hatcheries to farmers who developed their own nursery
system.

A form of vertical supply chain integration between input provision stage and production stage
was evident for growers who collect their spat from the wild. The grow-out time for SROs to
reach a market size is about 2.5 years, which is considerably longer than for POs that can
reach market size within 12-18 months (Schrobback et al., 2014b).

After harvesting oysters, the farmers (depurate the oysters depending on lease location),
clean, grade and pack/bag the oysters (primary processing) before transferring them to the
product’s first point of sale. Figure 3 shows that the industry has adopted different approaches
(indicated by the red lines) to distribute their product from the farm to consumers, for example,
direct sales to restaurants or consumers or supply through processors/wholesalers.
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Figure 3: Sydney rock oyster supply network map (industry level)
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Most of these supply chain models rely on different types of entities in the wholesale segment
of the supply chain and are associated with differing value chains. These models will be
described in detail in section 3.3.2.

About 50-60% of SROs are sold through foodservices. This includes high-end fine dining
restaurants but also less upmarket foodservice providers (e.g., pubs, clubs). The high
dependence on foodservices in the retail segment of the supply chain can be considered as a
risk within the distribution network of oysters.

The price per dozen oysters sold within the foodservice sectors varies significantly by type of
foodservice as well as by location, ranging from $32.00-$72.00 (see Figure 4). It should be
noted that the data presented in Figure 4 offers limited information about price differentiation
between the SROs and POs on menus of foodservice providers. This is due to foodservice
providers not being legally required to offer clear seafood labeling or to inform consumers
about the species and origin of the seafood they purchase.

Food chain retailers (e.g., Woolworths and Coles) currently only play a minor role within the
retail stage of the SRO supply chain, which confirms previous findings by Comiskey (2009).
These retailers procure oyster supply from processors/wholesalers which are accredited
according to the chain retailers’ standards, e.g. Coles Supermarkets Supplies Approval
Program, Woolworths Supplier Excellence Program. The advantage for food chain retailers to
source oysters through processors/wholesalers includes a consolidated supply of cleaned,
opened and packed oysters and economies of scale through procurement of multiple seafood
types from accredited suppliers. The price per dozen of SROs sold through food chain retailers
ranges from about $16.00-19.00/dozen (Coles, 2019; Woolworths, 2019). The value that chain
retailers add to the oyster product includes product transportation, marketing, display, and
cooling. The relationship of food chain retailers with processors/wholesalers is spot market
based.

Figure 4: Pricing of oysters at restaurants across Australia
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Source: Data collected from menus on restaurant websites in August 2019. 20 samples per city were
collected to derive the average price value except for Cairns where only 14 restaurants offered oysters
on their online menu (total sample size was 74 restaurants). The selected major cities were chosen as
these are considered as the main markets for SRO within Australia.

Fishmongers account for about 30-40% of oyster volume sold at the retail stage within the
supply chain. The price for SROs sold through fishmongers ranges between $17.00-
24.50/dozen. Fishmongers sell their product directly to consumers either at the shop or online
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and supply oysters to restaurants. The value that fishmongers add to the oyster product
includes product transportation, marketing, display, food preparation suggestions, and
cooling. The relationship of fishmongers to processors/wholesalers is commonly spot market-
based, although in some cases a minimum volume order requirement from side of
processors/wholesalers is required.

Only about 1% of SROs are exported. For export, oyster farmers typically transfer their product
to certified seafood exporters which are commonly integrated in large processors/wholesaler
entities. These certified seafood exporters condition the oyster product according to Australian
seafood export regulations, and forward them to overseas seafood importers or directly to
foodservice.

It is important to note that the distribution of the product within the SRO supply chain network,
such as the physical movement of oysters from one entity within the chain to another, is
handled by logistics providers (e.qg., freight companies, couriers) or depending on consignment
size and distance to the first point of sale within the chain by farmers directly. The logistics
providers are not involved in the selling of the product within the chain, only in the
transportation of the product.

3.3.2 SRO supply chain models and associated value chains

In this section, a detailed description of the observed supply chain models within the broader
structure of the SRO supply chain (see Figure 3) will be provided as well as information about
the value generated within these models. It should be noted that farmers tend to adopt one or
multiple supply chain models simultaneously for different proportions and qualities of their total
production volume.

Traditional processor/wholesaler model

The processor/wholesaler model is a supply chain model (see P/W model in Figure 3) which
the SRO industry traditionally adopted to supply oysters to the market (Comiskey, 2009). The
structure of this supply chain model illustrates that it relies on a relatively high number of
entities which handle the oysters from its production input stage to the consumption stage.

In this model, processing and wholesale functions are integrated, meaning these entities
clean, grade, open and package the oysters, consolidated supply and sell them either to
foodservices, retailers, fishmongers or directly to consumers. About 45-65% of the total SRO
production volume is currently sold by farmers through this supply chain model, which is
evidence of its ongoing dominance. Interviewees mentioned that this proportion was
previously much higher and has only changed in recent years with new entities becoming
involved in the wholesale segment of the SRO supply network.

Within the processor/wholesaler sector the oysters are mostly treated as a bulk commodity
due to the range of different product sizes (e.g., small, medium, large), qualities and quantities
supplied by producers. Most of the processors/wholesalers are handling other seafood
products. However, there are also processors/wholesalers within the chain which exclusively
distribute oysters on a bulk commodity basis. Processors/wholesalers can also be accredited
for export of seafood, including oysters. Hence, there is a degree of horizontal and vertical
supply chain integration observable within the processing and wholesale stages of the SRO
supply chain (see black box and black dashed box in Figure 3).

The contractual relationship between farmers and processors/wholesalers is typically spot
market based. Farmers pointed out that they would not contemplate a more formal contractual
relationship with a processor/wholesaler (e.g., forward selling volume based contract) as they
consider this as business risk since production can be variable, e.g., closures of oyster areas
due to high rainfall events or water quality issues occur on a regular basis which affects
harvesting time.
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The value chain of the processor/wholesaler model is presented in Figure 5, illustrating the
change in the monetary value of the product within the supply chain. For SROs, the cost for
production input varies depending on the type and size of spat is used. The farmgate price for
oysters sold through this model during the 2019/20 production season was about $6.60/dozen
(small), $9.00/dozen (medium), and $10.40/dozen (large). Processors and wholesalers add a
margin of approximately 20-30% and 40-50%, respectively, to the product price. The retall
price of SROs sold through the traditional processor/wholesale mode varies according to the
retail outlet, ranging from $16.00-$17.00 for chain retailers, $17.00-24.50 for fish mongers and
$32.00-$72.00 per dozen for restaurants.

A reason for the large market share of the processor/wholesaler model in the broader supply
network of oysters is the need for oysters to be opened before they can be consumed and the
relative difficulty of this process for an unskilled person. Furthermore, most oyster producers
are small to medium sized businesses and do not have the economies of scale to undertake
the processing and distribution of their product to up-stream supply chain entities themselves.
Another reason for farmers to choose the processor/wholesaler model is that some growers
deliberately opt not to be involved in the marketing of their product as transaction costs of such
activities are considered as very high (e.g., time, effort) or they consider themselves as not
being skilled in the marketing of their product, hence they prefer to focus on the production of
oysters. Farmers who sell their product through this model also mentioned that although they
would be interested in exploring alternative supply chain models, they are concerned about
how this would affect their trust-based long run relationship with their processor/wholesaler.
Furthermore, stakeholders mentioned that the channeling of bulk oyster volumes through
processors/wholesalers ensures a constant cash flow which is important for small and
medium-sized farming businesses. This suggests that longstanding relationships and
associated risk considerations (e.g., trust in timely cash flow) affect farmers’ decisions about
the continued use of this traditional supply chain model.

Transparency in regard to product flow and value creation within the processor/wholesaler
supply chain model was perceived by farmers as very limited, confirming previous findings by
Comiskey (2009). Farmers also mentioned the low level of product traceability in this model
offers the potential for seafood fraught (e.g., mixing batches of oysters from different farmers
and selling them under incorrect labels). It was also mentioned that processors/wholesalers
tend not to sell the product in a promotional way and that the act as gatekeepers. Due to the
lack of incentives to promote the oyster product processor/wholesaler appear to contribute a
limited value in increasing the market for SROs, e.g., increasing consumer experience,
farmgate prices, or increasing transparency.

Export supply chain model

A very minor volume of SROs is currently exported (about 1% of total production), mainly to
Singapore and Hong Kong. The export supply chain of SROs (see Figure 1) includes farmers
who transfer their product to certified seafood exporters (processor/wholesaler). The export
supply chain model can be integrated within the traditional processor/wholesaler model
depending on whether a processor/wholesaler holds seafood export certification or not. In
Australia fish and fish products for export as food must be prepared at an establishment that
is registered in respect of the operations for the preparation of the fish and fish products
undertaken (Australian Government, 2005). These certified exporters pack the product
according to Australian seafood export regulations and from there the product is sent overseas
(typically via air). Overseas seafood importers receive the product, obtain local import
clearance and from there the product is transferred to the restaurants. Unfortunately,
participants were unable to provide information about export prices and current value created
within the export supply chain model. The respondents mostly agreed that there is potential
in expanding the export volume of SRO. More details about their perceived barriers and
opportunities for the export of oysters are outlined in section 3.3.3.
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catching spat in the wild was not estimated. Price data for foodservice was collected from menus on restaurant websites in August 2019. Average

Figure 5: Value chain within the traditional processor/wholesaler supply chain model
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Seafood agent supply chain model

The seafood agent supply chain model (see Figure 3) is a relatively new model established in
2014 within the broader SRO supply chain structure. Participants mentioned that this
distribution model has significantly gained market share since 2017. Although the seafood
agent supply chain model had been adopted historically in other seafood industries seafood
agents were previously not interested in representing SRO farmers. This situation changed in
2014 when a group of SRO farmers collaboratively approached a leading aquaculture seafood
agent with the request to market their oysters within the domestic market.

Within this distribution model, the agent acts as a marketing institution or broker (illustrated by
the dotted box in Figure 3), by linking up all entities within this supply chain models including
fright companies. The the agent sources the product from farmers on a spot-market basis and
based on product grading standards. Processors/wholesalers are a part of this supply chain
model since the seafood agent model handles bulk volumes of oysters which need to be
opened before being distributed to upstream entities within the chain. From the
processor/wholesaler stage the oysters are distributed using similar market channels as in the
processor/wholesaler supply chain model, hence the seafood agent model exemplifies a
relatively long supply chain (see Figure 3). Within the agent model, there is currently no export
of SROs. The seafood agent model currently has an estimated market share of 12-18% of the
total SRO production volume.

Seafood agents are typically specialised in market research to ensure demand and supply of
the seafood product can be matched at the highest margin for the seller. The agent has a self-
interest in brokering deals that favor producers, e.g., high farmgate prices, since this supply
chain entity is commonly acting on a commission basis of about 5%, which farmers pay the
agent per consignment volume. The farmgate price of oysters sold through this model was
around $11.00/dozen for medium sized oysters during the 2019/20 production season.
Unfortunately, information about farm gate prices for small and large oysters was not made
available. The processor and wholesaler margins as well as retail margins of the seafood
agent value chain can be assumed to be similar to the processor/wholesaler value chain (see
Figure 5) considering the structure of the agent supply chain model.

The level of communication among entities within this model is considered to be relatively high
compared to the processor/wholesaler model. This also leads to an increase in supply chain
transparency from the perspective of farmers as they gain access to information about where
their product is sold to, and conversely the retail sector receives information about the origin
of the product. This is seen as an important advantage over the processor/wholesaler supply
chain model. Within this supply chain model, the agent has more price negotiation power than
individual farmers due to the consolidated supply that this entity represents and due to the
access to seafood market information and professional marketing skills.

Premium oyster wholesale supply chain model

The premium oyster wholesale model can be differentiated from the traditional
processor/wholesale model since it exclusively focusses on the sourcing, brokering and
distributing oysters of premium quality (see dotted box in Figure 3). The model was introduced
to the broader oyster supply chain network in 2015 in response to low farmgate prices for
oysters and farmer’s limited negotiation power within the dominant processor/wholesale
model. The model’s current market share of the volume traded with within the wholesale stage
of the oyster supply chain is estimated at about 1-2%.

In this model, the role of the premium oyster wholesaler is to establish links between fine-
dining restaurants and farmers and to broker supply and demand for premium quality oysters
between these entities. A very small volume of oysters is exported through this model.
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The premium oyster wholesaler established a brand under which oysters from selected
independent farmers are sold. This requires a continuous assessment of product quality by
the wholesaler to ensure brand continuity. Different to the agent model, the premium oyster
wholesaler purchases the oysters from farmers and either requests farmers to send the
product directly to restaurants or alternatively consolidates supply from different farmers at a
hub, processes and packages the product and distributes it to customers. Hence, this supply
chain model is slightly shorter due to fewer entities being involved in handling the product. The
relationship between farmers and the premium oyster wholesalers is spot market and trust
based. The same applies to the relationship between the premium oyster wholesaler and its
customers.

The value chain of the premium oyster wholesale model is presented in Figure 6. Farmers
who adopted this supply chain model for their premium product receive a relatively high price
for their product of about $11.00-12.00/dozen. Yet, within this model farmers also receive the
added value of marketing for their product (e.g., individual farmer profile on the website of the
wholesaler, individual farmer profile cards) which helps to improve product traceability within
the chain and contributes to consumer awareness/education. Given that the premium oyster
wholesale model focusses on the supply of high quality oysters to fine-dining foodservices it
is likely that the actual average value of oysters sold through this supply chain model can be
found within the higher price scale of the provided range in Figure 6 (e.g., $54.00-
72.00/dozen).

Direct sale supply chain model

The direct sale of oysters is a supply chain model that has been adopted by the industry
traditionally. This model involves the sale of oysters directly from the farm to either consumers,
food service providers (e.g., local restaurants, urban fine dining establishments) or
fishmongers (see Figure 1). The direct distribution of SROs to consumers includes sale at
seafood festivals, on-farm sales at oyster bars or farm tours, as well as oyster shucking events.
There is typically a spot-market based relationship established between farmers and their
customers. Approximately 6-11% of the total SRO production volume is currently distributed
through this model. This model represents the shortest supply chain within the broader oyster
distribution network and has the potential to offer consumers the freshest products.

Figure 7 illustrates the value chain of this distribution model. The farmgate price for direct
oyster sales depends on the market outlet and the size and quality of oysters. For example,
the average price of oysters sold to local restaurants ranged from $7.00/dozen (medium) to
$15.00 (large), while premium oysters may be sold for $15.00 to $30.00/dozen to fine dining
restaurants in metropolitan areas. Shucking events attract prices of up to $4.50-$5.00/oyster.
Direct sale of oysters is considered as an added value to improve supply chain transparency,
product traceability, consumer awareness and promotion of the individual oyster business as
well as the oyster region.

Yet, the direct sale of oysters is associated with high transaction costs such as time and effort
to build and maintain relationships with restaurants and consumers, as well as the continuous
search for market information. Within this model farmers are required to balance time required
to produce oysters and the marketing/branding and distribution of their product. This also
requires the ability to engage with existing and potential customers as well as to provide
marketing skills. The high transaction costs linked to the direct supply chain model may explain
the relatively low market share of this distribution model.

Integrated corporate supply chain model

A further variant of the SRO distribution network is the integrated corporate supply chain model
which was established in 2015 (Figure 8). This model differs significantly from the supply chain
models described above (Figure 3) as it holds features of a both horizontally and vertically
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integrated distribution network. The model is currently only adopted by one corporate entity
within the SRO industry.

The integrated corporate supply chain model builds on a corporate structure in which shares
in the corporation are held by private equity investors, corporate management, and a number
of individual farmers located across several oyster-growing estuaries in NSW. While the
corporation focusses on the production and distribution of three oyster species, which are the
SRO, PO and the FO, the SRO remains the major commercial species produced and supplied
to the market.

Within this model some of the incorporated oyster farmers produce oyster spat on farm-based
hatcheries, yet, spat is also caught wild and bought in from commercial hatcheries. The
integration of several oyster farms into one corporate model ensures a consolidated supply of
oysters which helps to manage the supply volatility within the market. The supply of oysters
through this model is also supplemented by a buy-in of oysters from independent oyster
farmers on a spot-market basis which the corporation then sell under their brand and under
the condition that the product complies with the corporation’s quality standards.

This distribution model also includes processing (e.g., grading, cleaning, packaging) and
wholesale functions which together with its production input and production segments form a
vertically and horizontally integrated supply network. The supply chain model focusses on
branding and marketing of the oyster product to different retail outlets.

The corporation has developed a “hub and spoke” distribution model in which the product is
consolidated in different collection points, the “hubs”, from where it is then distributed to the
retail entities. Like for the supply chain models presented above, distributers (e.g., freight
companies) are typically not involved in the selling of the product and only handle the logistics
of the market supply. The relationship between the corporation and their customers is mostly
trust and spot-market based, although larger foodservice customers, such as hotel chains
prefer contract-based agreements with fixed prices and product volumes. Unfortunately,
information about farmgate prices within the integrated corporate supply chain model was not
made available due to commercial confidentiality.

It is estimated that approximately 12-18% of the total SRO production volume is currently
traded though this model. The development of this type of supply chain requires significant
capital investment (e.g., farm infrastructure, processing infrastructure), skilled labour,
marketing/branding and technology.

Summary

The findings from the stakeholder interviews confirm that the SRO industry has experienced
a significant change in the way it distributes its product from the farm to consumers. Reasons
for increasing competition within the wholesale stage of the supply chain were farmer’s
dissatisfaction with the dominant traditional processor/wholesale model, increasing availability
of information about the adoption of alternative distribution models in other countries, and
increasing consumer demand for the product. The findings also show that the shift away from
the traditional processor/wholesale model required the initiative by the industry to either
develop or support the adoption of alternative supply chain approaches. The diversification of
adopted supply chain models also suggests that farmers are increasingly seeking a
competitive advantage through supply chain differentiation.

The decision about which supply chain model to adopt is made by the individual oyster farmer
and is typically guided by the costs (e.g., transaction costs such as search cost, access to
market information; marketing skills, product size and quality, freight costs) and benefits (e.g.,
higher farmgate price, marketing/promotion) which farmers perceive for different market
approaches (e.g., direct sale vs. sale to processors/wholesalers).
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Supply chain

Value added

Price / dozen:

Sources: ID4, ID5, ID26.

Figure 6: Value chain of within the premium oyster wholesale supply chain model

Premium oyster

Input provider Producer Retalil Domestic
wholesaler consumer
Oyster Spat Oyster grow out (25'3 MarKEtingJ brandlng; Fl’eigh‘tJ Purchase price
collection/production years), monitoring, network/relationship preparation,
harvest, grading, building, coordination/ overheads,

cleaning, marketing,
freight, packing, margin
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supply, freight,
overheads, margin

marketing, margin

Wild: $0.00
Hatch.: $0.40-$0.50 (4mil)
Hatch.: $1.30-$1.50 (20mil)

Medium: $10.00-$12.00

Medium: $16.00-$19.00

Foodservices: $32.00-$72.00

Note: Cost of labour associated with catching spat in the wild was not estimated.
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Figure 7: Value chain of the direct sale supply chain model

Supply chain Input provider Producer Retail Domestic
consumer
Oyster spat Oystergrow.oufc(z.5-3 Preparation Purchase price
collection/production years), monitoring, (overheads),
harvest, grading, cleaning}] marketing, margin
Value added marketing, freight,
packing, marketing,
(opening), margin
) Wild: $0.00 Small: $7.00-$16.00 Foodservices: $32.00-$72.00
Price / dozen:  |Hatch.: $0.40-$0.50 (4mil) Medium: $ 13.00-$25.00 || Fishmongers: $17.00-$24.50
Hatch.: $1.30-1.50(20mil) || Large: $15.00-$30.00

Source: ID19, ID23, ID26 and online sources. Notes: Cost of labour associated with catching spat in the wild was not estimated. Excludes values
for direct sale shucking events at which oysters are sold for up to $4.00-$5.00 per oyster.
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Figure 8: Integrated corporate supply chain model
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Although a value chain could not be derived for all presented models, the results suggest that
farm gate prices may only differ slightly across the identified models, except for the direct sale
model which revealed a higher farmgate sale price for oysters that are supplied directly from
producers to fine-dining restaurants. However, it appears evident that the models which were
introduced more recently (e.g., agent model, premium wholesale model and integrated
corporate model) focus on value-adding such as branding, marketing, the developments of
linkages, and communication within the chain which increases transparency and information
flow among all entities. Producers likely consider these value-adding activities as benefits
supporting their decision to adopt these new supply chain approaches.

3.3.3 Issues and opportunities associated with the SRO supply chain

As part of the interviews, stakeholders of the SRO industry were asked about the issues and
opportunities that they perceive in relation to the distribution network. The major themes which
were identified based on the responses are summarised in this section.

Hatchery spat supply

An issue which was raised repeatedly by the stakeholders of the SRO industry was the lack
of reliable supply of hatchery spat as an input to oyster production. Farmers appear to be
interested in using selectively bred oyster spat as a production input for a number of
advantages (e.g., improved quality over wild collected spat, disease resistance, flexibility in
the timing of commencing oyster grow-out) of using this type of spat. Hatcheries seem to
grapple with the scientific challenges of reliably producing selected lines for SRO. It was
mentioned that more research is heeded to improve the existing hatchery protocols for SROs
to ensure more consistent supply of selectively bred hatchery spat supply. Furthermore,
participants mentioned that communication and coordination between farmers and hatchery
operators about demand and supply of spat requires improvement. Given the relatively large
interest in hatchery spat production, its potential economic advantages and the current issues
in this segment of the supply chain there appears to be a commercial opportunity for investors
to become involved in producing reliable supply of oyster spat.

Production risks

Participants mentioned that risks, such as disease, water quality, high volume rainfall events,
are ongoing concerns that can potentially impact production and subsequently lead to supply
chain disruption.

Product marketing/branding

SRO supply chain stakeholders mentioned that the marketing of SROs has improved over
recent years, particularly with new supply chain models being established within the industry.
However, interviewees agreed that marketing and branding of SROs within the domestic and
export market can be further. Better marketing of the product needs to include consumer and
chef education (e.g., master classes, promotional material that can help with forward selling
the protect within the food service sector). For example, farmers mentioned that consumers
should be better informed about how oysters are eaten best, how to identify a good oyster,
and how and where oysters are grown. Interviewees suggested that this could be achieved
through a national marketing initiative like the “Love Prawns” marketing campaign which was
developed collaboratively by the Australian prawn industry. It was also mentioned that
consumers and chefs need to be educated about the unique characteristics of the SRO as a
species that only occurs in Australia compared to the PO which is cultivated in many other
countries. Marketing slogans such as “Sydney rock oysters: Australia’s great secret”, “Bigger
isn’t better in the oyster world” or “Favor the flavor: Always insist on Sydney rock oysters” were
suggested. Yet, to implement a national marketing initiative for SROs a collaborative approach
of farmers would be required. The participants also raised concerns about options for funding
such an industry-wide marketing initiative and noted that farmers may not support such an
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initiative if funds would be raised through an additional industry levy. Hence, alternative
funding options, leadership and collaborative participation would be needed to develop an
industry-wide marketing campaign with the aim of raising consumer awareness.

Sustainability

Farmers emphasised that they consider the production of SROs as sustainable since oysters
are filter feeding organisms (e.g., filtering of nutrients) which contribute to improved water
quality in estuaries. Furthermore, farmers highlighted the industry’s efforts over the past
decade in removing old, wooden grow-out furniture from the leases and to replace these by
non-degradable plastic and off-bottom infrastructure which contribute to minimising the
negative impacts of oyster cultivation on the estuarine ecosystem. Although some farmers
have optioned organic certification for their product, most of the producers currently do not
consider sustainability certification as offering a net benefit for their business. This is mostly
due to the relatively high costs involved in obtaining and maintaining the certification. However,
farmers agreed that the sustainable production process of oysters should be promoted to
consumers.

Product traceability

Product traceability was another issue which was raised by the interviewees. SRO supply
chain stakeholders agreed that traceability within most supply chain models is limited at the
present, particularly within the processor/wholesaler model. Stakeholders agreed that
improved product traceability, for example through quick response (QR) coding or blockchain
technology, would be beneficial from their perspective to ensure supply chain integrity and as
a source of information about product handling at different stages within the chain, particularly
in case a food safety issue occurs. Improved traceability would also enhance consumer’s
ability to obtain information about where the oysters were produced and when the product was
harvested. Stakeholders were concerned about the potential high costs involved in
establishing such a system for small and medium sized farming businesses which they
considered as a disincentive for the adoption of a traceable technology in the absence of any
regulatory retirements. It was also argued that a first step towards enhanced seafood
traceability would be to improve seafood labeling requirements within the foodservice sector
in Australia which are currently exempt from providing information about the origin and species
to consumers. Participants mentioned that in the absence of food labeling requirements for
foodservice providers, shorter supply chains are beneficial, as producers can build direct trust-
based relationships with their retail customers which can incentivise chefs to promote
provenance information to consumers.

Export

The interviewed farmer stated that the main reasons for the very low export volume of SROs
are the strong and favorable domestic market and the high transaction costs (e.g., search
costs, getting access to market information) associated with developing an export supply
chain. Yet, participants also mentioned that there is potential for increasing the export volume
of SROs to Asia, particularly in a situation in which the market supply of POs increases which
may lead to falling domestic prices for SROs. A concern of producers with respect to
expanding the export of SROs was that consistent product supply cannot be guaranteed
without considerable supply consolidation for oyster export.

A further concern in relation to the export of oysters is the need to improve the branding and
marketing of the SROs compared to the POs which is sold in relatively large quantities in
export markets (e.g., Singapore, Hong Kong, Japan). Since the SRO is typically smaller than
the PO the demand for smaller oysters needs to be created in the Asian seafood market
through targeted marketing to justify similar pricing to POs. Highlighting the uniqueness of the
SRO, which is only grown in Australia, could be one aspect to be considered in the
development of an export branding/marketing strategy. A demand analysis of Asian
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consumers’ perceptions of the SRO compared to POs or similar seafood could provide useful
insights that can inform such a strategy.

Furthermore, trustworthy relationships with seafood wholesalers overseas which can manage
the import of oysters (e.g., safe handling, biosecurity clearance) need to be developed. These
are tasks that are associated with high transaction costs to individual farmers and potentially
require the assistance from oyster and seafood industry bodies or Australian trade
organisations. It was also mentioned that is it difficult for farmers to access information about
the seafood markets in Asia which may be another barrier for exploring export opportunities
of SROs. This highlights the need to engage with Australian trade organizations should the
industry intend to expand its export to Asia in future.

Access to financial capital

The interviews also revealed that access to capital remains an issue, particularly for small and
medium sized oyster farmers. The lack of access to capital is seen as entry and exit barriers
to the oyster industry. Potential new farmers struggle to get a loan from banks since oyster
leases and existing lease assists are not considered as security against which financial
institutions will lend capital. The issue of capital access as an entry barrier to the industry also
affects the exit of farmers from the industry, as in some cases there is a lack of demand for
taking over existing oyster farms from growers who wish to retire. However, participants also
mentioned that there are oyster farming businesses in the industry which successfully raised
financial capital based on the business model (e.g., shareholder model) that they adopted.
Hence, innovative business model ideas may be an option for farmers to attract investors. It
was also mentioned that with better marketing of the industry, private investors may be
attracted in future.

Relationship with processors/wholesalers

SRO industry stakeholders considered the dominant role of the processor/wholesale supply
chain model as an issue regarding the creation of an added value within the chain as well as
having price negotiation power over farmers (see section 3.3.2). For this model to improve,
the current lack of transparency should be addressed by transformation into win-win
relationship for all entities within the network. This may require improved collaboration
throughout the processor/wholesaler supply chain. Participants mentioned that one approach
for encouraging processors/wholesalers to contribute more to value creation within the chain
would be to create consumer demand for improved product traceability through the
foodservice sector. This may pressure on processors/wholesalers to better engage in value
creation for the product. However, to identify further solutions that address this issue, more
focused consultations with stakeholders are required.

3.4 The flat oyster supply and value chain

The native FO occurred in relative abundance during the 19" and 20" century in south-east
coasts of Australia, yet, severe exploitation of FO reefs, including dredging from the seabed,
resulted in a significant reduction in the natural occurrence of this oyster species (Nell, 2001;
South Australian Chronicle and Weekly Mail, 1868). In recent years, a small number of oyster
farmers in SA, TAS and NSW have started growing FOs on an experimental or small
commercial basis to diversify their aguaculture business.

For this study, interviews were only conducted with FO farmers in NSW where the total
production volume of FOs was relatively small with production of 3,715 dozen at a total value
of $46,510 in 2018/19 (NSW DPI, 2020). None of the interviewees was producing FOs
exclusively. The interviews revealed that FO farmers in this state almost entirely rely on
hatchery spat supply as a production input (see Figure 9) The NSW Government has invested
into hatchery production of seed oysters for this species in recent years to support farmer’s
diversification of oyster production (NSW Department of Primary Industries, 2020). The
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interviewees confirmed that the spat for this oyster species appears to be more easily
produced in a hatchery environment compared to SROs which explains the readily available
supply of FO spat. Participants also mentioned that FO producers in TAS and SA
predominantly use wild FO spat due to a higher abundance of oyster reefs in these regions
(Mitchell et al., 2000). There were also reports indicating that farmers have established small
scale on-farm hatcheries for FOs in NSW (NSW Department of Primary Industries, 2020).

Like other oyster species, the juvenile FOs are transferred into grow-out furniture (e.g., floating
baskets), following its nursery development stage. FOs thrive best in estuaries that offer high
salinity conditions and limited freshwater inflow, which limits the number of suitable growing
areas.

FOs are grown on existing intertidal leases developed for SROs or POs cultivation but were
found to grow faster in suspended culture on deeper sub-tidal leases (NSW Department of
Primary Industries, 2020).

Yet, the cultivation of FOs also appears to be difficult (“They are a tingly thing to grow. [...]
They are not as hardy as the SROs. [...] They don't like to be out of the water.”) which may
explain why most oyster farmers whose leases are located in suitable estuaries for FO
cultivation prefer to keep their focus on producing either SROs or POs.

In the past FO production was affected by Bonamia sp., a parasitic protozoan, which also
affected flat oyster populations in other parts of the world (Mitchell et al., 2000; Nell, 2001).
The FO can grow into a marketable size within 18-24 months, yet, its shelf-life is relatively
short with only 5-7 days compared to the shelf-life of SROs (10-14 days).

The taste profile of FOs is considered as significantly different (“They got a rich, beefy, meat
pie taste”) compared to the taste profile of SROs and POs. A reason why the consumer
demand for this oyster species in Australia is relatively low may be attributed to Australian
consumer’s palate preference for SROs and POs. Yet, interviewees also mentioned that there
is the potential to develop the domestic market for FOs further as consumers become more
aware of this native oyster species. On the hand, participants stated that Asian consumers
appear to be interested in the taste profile of FOs which suggests that there may be room to
create demand within the Asian consumer segment in Australian for this seafood product and
to further develop an export market in Asia.

Value chains for FOs are presented in Figure 10 and Figure 11. The values show that farmgate
prices per dozen are significantly higher for FOs compared to SROs (see Figure 5, Figure 6,
Figure 7). This is most likely a reflection of the limited supply and the niche market for this
seafood product. Although FOs generally attract higher farmgate prices than the SRO, within
the fine dining restaurant sector it is sold for a similar price as SROs (e.g., $4.50-5.50 per
oyster) (Fred's, 2020; Saint Peters, 2020; The Boathouse, 2020).

In summary, FOs can be considered as a boutique oyster product which is currently targeting
a niche market in Australia due to its distinct taste and its low production volume. While the
consumer demand for this oyster species in Australia could be boosted through increased
marketing, it is likely that an future increase in the supply of this oyster species will be
hampered by limited areas that offer suitable production conditions in which this species
thrives. Hence, it is possible that with potential increasing demand for FOs and a small but
stable supply volume the farmgate price for this species may increase in future. However, it
appears unlikely that FO cultivation will reach the scale of SRO production in NSW so it will
remain an option for small scale business diversification.
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Figure 9: Flat oyster supply network map
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Figure 10: Value for flat oysters — Premium oyster wholesale model
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Figure 11: Value for flat oysters — Direct sale model
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Sources: ID25, ID30, The Boathouse (2020), Saint Peters (2020), Fred's (2020). Nots: Cost of labour associated with catching spat in the wild was not estimated.
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4 Discussion
Summary and discussion of results

The aims of this study were to explore the development status of the BLO oyster supply chain,
to map and describe supply and value chains of oyster species which are currently produced
in temperate regions of Australia, and to identify potential issues and opportunities associated
with these supply chains.

The findings suggest that the development of the BLO industry is at an early stage. The
commercial production of this oyster species is currently very small. A range of critical factors
were identified which need to be addressed to progress the development of this tropical oyster
industry, including:

e the current lack of hatchery protocols for this oyster species which would allow a
commercial production of BLO spat as a fundamental input to production;

e a need for further research into oyster species categorization, potential pest and
diseases as well as methods to optimize production systems;

¢ the need to amend food safety policies/standards to reflect requirements for tropical
shellfish;

¢ demand analysis for BLOs to determine potential domestic markets for this oyster
species.

The assessment of the FO supply and value chain in NSW suggests that this supply network
is more mature than the distribution network of BLOs. The FO can be considered as a niche
product due to its distinct taste and low production volume. Although hatchery spat seems to
be readily available for this species, the specific environmental and spatial production
conditions needed for FOs to thrive appear to be limited, hampering potential expansion of
supply for this species. The limited consumer awareness about FOs and subsequently
constrained demand for this species was raised as an area for improvement. Considering the
current production volume of this oyster species, the supply network for FOs appears to be
relatively well developed. This is not surprising as this species is grown by farmers in NSW
who typically produce SROs; hence, producers may be aware about supply chain options for
FO from their experience with the other oyster species.

The assessment of the supply chains for BLOs and FOs revealed similarities between both
networks, such as the requirement for hatcheries to provide spat as an production input, the
current low production volume and the need to further develop the market for these
aquaculture products. Since the FO is currently supplying a fine-dining niche market, this could
also be a potential target market for the BLO industry.

Given the commercial scale of the SRO industry, its long history and the relatively complex
and mature supply chain, the existing literature and conducted interviews offered substantially
more information about this oyster distribution network compared to BLOs and FOs. The
assessment of the SRO supply network identified a range of distribution models which farmers
have adopted to transfer their product from the farm to consumers. The traditional
processor/wholesaler supply chain model appears to remain the dominant distribution
approach, but which seems to offer farmers the lowest average farm gate price and the
creation of limited added value such as marketing or product traceability. Yet, more
competition within the wholesale stage of the SRO supply chain in recent years has
contributed to increasing the value being created within the network, mainly through improved
marketing of the oyster product to raise consumer awareness. The analysis of the retail
segment of the SRO supply chain revealed a high dependence on the distribution of oysters
through the domestic foodservice sector which carries high risks for the supply of the product
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in case of disruptions that affect this retail entity. The market for SROs is almost exclusively
domestic due to is issues surrounding supply consolidation and export market access.
Interestingly, farmers appear to have adopted more innovative supply chain models in recent
times in response to issues which they associated with the dominant traditional
processor/wholesale model (e.g., limited price negotiation power, lack of transparency).
Hence, the motives for change within the broader supply structure were likely driven by
farmer’s aims to increase their business profits, ensure consumer satisfaction and to expand
the market for SROs.

These findings about the structure of the SRO supply chain differ from previous studies for
this seafood species (e.g., Comiskey, 2009; Plaganyi et al., 2014). The main reasons for this
are that the changes to the supply network of SROs since new distribution channels were
adopted by farmers only occurred after (around 2015) the earlier studies were conducted.

A range of issues and opportunities were identified from the collected data about the SRO
supply chain; for example, there appears to be a need to improve the commercial hatchery
spat supply as an input to oyster production. Furthermore, better marketing to improve
consumer awareness about SROs as well as the need for more collaboration within the chain
to add value to satisfy consumer expectations will remain important in future. Raising the
profile of the SRO industry collectively may also assist in increasing its attractiveness from the
perspective of potential capital investors.

Product traceability and product assurance is an area which the interviewed supply chain
stakeholders considered as becoming increasingly important. This is supported by the broader
literature which suggests that seafood producers, consumers and regulators worldwide are
recognizing the benefits of traceability along seafood supply chains (e.g., e.g., He, 2018; Leal
et al., 2015; Sterling et al., 2015). Yet, for oysters sold in Australia it appears improvement is
needed to enhance the product traceability. It was suggested that mandatory seafood labeling
for the foodservice sector would be an option to offer consumers improved information about
the oysters they purchase. Yet, to achieve a change in seafood labeling regulation in Australia
which would benefit producers and consumers, the oyster industry collectively with other
seafood industries will need to continue raising this issue with policy makers. Other options to
improve seafood traceability (e.g., QR code) should be investigated by aquaculture and
fisheries industries on a sectoral level to share potentially high associated research and
implementation costs.

Shorter and/or more integrated supply chain models appear to be beneficial for farmers and
consumers with respect to value creation. Yet, shorter supply chains typically mean higher
transaction costs for farmers or other entities within the chain which coordinate the supply of
oysters to the retail sector or directly to consumers. Moreover, while higher supply chain
integration implies improved supply chain efficiency it also requires significant capital
investment to develop an integrated supply chain business model (Asche et al., 2018).

Overall, the identified segments of the three supply chains described in this study (e.g.,
production input, production, processing) aligned with studies that have assessed seafood
supply chains in other countries (e.g., e.g., Al-Busaidi et al., 2016; Asiedu et al., 2016; Douet,
2016; Howieson et al., 2013; Kaminski et al., 2018; Little et al., 2018; Love et al., 2020; Nguyen
et al., 2020; Prompatanapak & Lopetcharat, 2020; Raftowicz & Le Gallic, 2020; Saguin, 2018).
Yet, none of these studies offered a detailed analysis of supply chain model as undertaken in
the present work which highlights its contribution to the literature.

The findings of the present study also show that the role of the retail sector is relatively small
in the farmers’ decisions to adopt specific supply chain models as compared to seafood traded
in a global supply chains, e.g., shrimp/prawn (Jespersen et al., 2014). This is because oysters
are almost exclusively supplied to a domestic market and some entities have dominant roles
within the wholesale stage of the oyster supply chain in Australia, despite the increasing
competition within that segment of the network.
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Recommendations

Given these findings it can be concluded that development of the tropical oyster industry and
its supply chain is facing a range of challenges. The following recommendations for the
development of a tropical oyster industry in Northern Australia were derived.

1.

A priority for the development of the BLO industry should be a focus on establishing a
stable spat supply by hatcheries. This need was previously raised by (Nowland,
O’Connor, Osborne, et al., 2019). Ideally, at least one hatchery in each state/territory
should produce oyster spat to reduce producer's dependence on a single input
provider that could hamper input supply in situations such like disease outbreaks and
associated biosecurity regulations that limit the translocation of spat. Yet, economies
of scale appear to be an issue which may prevent the establishment of several
hatcheries to supply only a limited number of oyster farmers, at least initially.

Continued research directed at potential pest and diseases and grow-out systems and
technologies will also be needed to support the cultivation of this oyster species. Other
studies have also highlighted the importance of research and technological drivers
(e.g., hatcheries for production input supply) for aquaculture industry development
(e.g., e.g., Bostock, 2011; Karim et al., 2020).

It will also be critical to attract private investors to the industry for expanding the
production scale of BLOs (e.g., investment in farm equipment, skills, technology). Yet,
given the current early stages of development in the BLO industry and uncertainties
about reliable production input, financiers may consider investment currently as too
risky. Recent corporate investments into the SRO industry exemplifies that funding for
the development of aquaculture industries is potentially available with Australian and
internationally. Developing more reliable production and supply chain models is key to
increasing access to capital.

The development of production skills and business aspects of oyster farming (e.qg.,
marketing, business development) is a further area which will need to be considered.
Mentoring of BLO farmers by farmers in existing oyster industries could be a cost-
effective way to increase skills and capacity of tropical oyster farmers in future. The
availability of more traditional avenues for skill development (e.g., TAFE or university
courses) will also be important.

Ensuring consumer safety of shellfish produced in Northern Australia is another
priority. There are already actions being considered to amend the existing Australian
Shellfish Quality Assurance Program (ASQAP) to assure that the food safety
of tropical oysters is managed in accordance with operational guidelines that reflect
the conditions in tropical regions of Australia. Improved food safety infrastructure is
also required, which includes laboratories at which food safety tests can be conducted
within short periods of time.

Market development will require a consumer demand analysis for BLOs, marketing
which ideally focusses on provenance promotion of aquaculture production in Northern
Australia and authenticity/product traceability. The development of links between
oyster farmers and the local and domestic retail sector, such as restaurants which
would be willing to sell and promote the product, will also be vital. The findings of this
study showed that there exist several models to distribute oysters from producers to
consumers in Australia and that the choice of channel is determined by producer’s
cost-benefit assessment for available approaches.

The development of export strategies for the BLO may not an immediate priority.
Findings from the SRO supply chain show that to establish an oyster export market a
consolidated and consistent supply of oysters is needed to establish export channels.
Furthermore, oyster branding appears to be important for importers of oysters in Asia,
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hence, brands for BLOs may need to be developed prior to exploring export
opportunities. In addition, the demand for BLOs in Asian markets should be
investigated for example through a palate test with potential Asian consumers.
Information about the processes involved in establishing access to export markets and
the domestic requirements for seafood export may be obtained from seafood industries
or businesses in Australia who successfully supply the Asian market.

8. An industry development plan may support the strategic and gradual growth of the
BLO industry, including the development of its supply chain. This plan should outline
medium-term and longer-term goals as well as actions to achieve these goals. A
strategic plan could be developed by all stakeholders of the BLO industry and may
initially be driven by a consortium of Northern Australian Governments such as
suggested by Cobcroft et al. (2020). Advice about the industry development plan
should also be sought from Oyster Australia, the oyster industry peak body in Australia.
To grow the BLO industry into a commercial aquaculture industry in Northern Australia
it is important that oyster farmers develop innovative business ideas which ensure
continued product supply and promotion of their individual product as well as the BLO
industry.

COVID-19 and future work

It should be noted that the findings presented in this study reflect information about the oyster
supply chains before the onset of the COVID-19 crisis in Australia. Initial reports from the
industry suggest that the crisis has caused a significant decrease in the demand for oysters
mainly due to the mandated closure of restaurants, clubs, bars and other foodservices to
support social distancing within the society. This has caused a partial break-down of the oyster
supply chain. Consumer confidence in spending for luxury seafood outside the foodservice
sector may also be impacted by the health crisis and a subsequent economic crisis. This
situation requires producers to adapt their supply chain, including adjustments to production
(e.g., delay in harvest) and business operations (e.g., minimise labour costs). As an extension
of this study, the process of how oyster producers (and aquaculture producers more generally)
have adapted their supply chain management in response to the demand shock caused by
the COVID-19 crisis would be interesting to investigate. Findings would offer useful insights
into how aquaculture industries could prepare strategies that enable them to deal with future
supply and demand shocks.

Given the limited knowledge about seafood supply and value chains in Australia, future
research should address this gap. This would allow supply and value chains to be compared
across seafood industries and to derive information about best practices that could be useful
for the industries to develop strategies that increase their economic performance.

Limitations

A limitation of this study is the relatively small sample of interviews that were undertaken to
derive the structure of the three supply chains. While it is not expected that the “true” structure
of the distribution network may differ significantly from the findings presented in this report,
the estimates for the market shares of supply chain models could be biased.

37



5 Conclusion

This study offers an assessment of three oyster supply chains in Australia with the objective
to derive recommendations that assist the emerging BLO industry in developing their supply
chain. The complexity of the described distribution networks significantly. The findings of this
study suggest that the supply chain of the BLO is at a very early stage of development with
only three commercial producers in QLD and the NT who together product a small volume of
this oyster species. Commercial production of FOs has commenced in NSW in during the past
decade as a way to diversify SRO or PO production. Production volumes for this oyster
species remain low due to difficulties in cultivating FOs. Producer’s choice of the distribution
channels for FOs builds on their experience with other oyster species but also reflects its
limited shelf-life. The findings suggest that the SRO industry has developed the most mature
distribution network that has recently experienced significant change with increasing
competition developing within the wholesale segment of its supply network. Those changes
offer producers more options to choose among supply channels for their product and create
different added value.

From the synthesis of the findings about the three oyster supply chains recommendations for
the development of the BLO supply chain were derived. These include the development of
commercial hatcheries spat production, and continued research about production systems,
pests and diseases, and oyster species classification. Producers may need support in
developing oyster farming and general farming business skills. Existing food policies will need
to be amended to assure seafood safety of tropical oysters and demand for this oyster species
within Australia will need to be analysed to underpin better marketing. Establishing a BLO
industry development plan would support the further expansion of this aquaculture industry
which can generate employment opportunities, production diversification and economic
growth for communities living in northern rural coastal regions of Northern Australia.
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Appendix 1: Interview questions

GENERAL QUESTIONS: ALL PARTICIPANTS

Q1: Are you over the age of 18?

D Yes
D No

Q2: Which element within the oyster supply chain do you represent?

I:l Production input provider

Q3: In which state is your business located?

|:| Queensland
|:| New South Wales

|:| Tasmania

South Australia

Q4: How many years have you produced/ handled oysters?

I:l Years

Q5: Which of the following oyster species do you produce/ handle?

D Sydney rock oyster
|:| Pacific oyster

I:l Flat oyster

Black-lip oyster

Milky oyster
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INTERVIEW QUESTIONS FOR PRODUCTION INPUT PROVIDERS

Q6: Could you please provide a brief overview about how the oyster spat is produced?

Q7: Are there any issue with the supply of oyster spat to oyster farmers? If so, could you
please outline these in more detail?

Q8: A map of the supply chain structure and processes of oysters has been developed by
the research team based on previous work, could you please have a look at this draft and
provide comments on it? (Provide supply chain)

Q9: Could you please have a look at this value chain of oysters and provide any comments?
(Provide value chain)

Q10: Is there any form of collaboration and coordination taking place between hatcheries
and farmers?

Q11: What do you perceive as issues and opportunities of the future or oyster production
and oyster supply in [add state nhame]?

INTERVIEW QUESTIONS FOR OYSTER FARMERS

Q6: What are currently the most commonly used production systems which the [name of the
state] oyster industry uses?

Q7: Are there any issue with the supply of oyster spat? If so, could you please outline these
in more detail?

Q8: A map of the supply chain structure and processes of oysters has been developed by
the research team based on previous work, could you please have a look at this draft and
provide comments on it? (Provide supply chain)

Q9: What do you perceive as the issues and opportunities of the oyster supply chain in [add
name of the state]?

Q10: Could you please have a look at this value chain of oysters and provide any
comments? (Provide value chain)

Q11: What type of consumer are you targeting? Could you please describe these consumers
in more detail?

Q12: What is the current role of tractability and sustainability certification and of oysters is
[add state name]?

Q13: What kind of proportion/branding of oysters is currently undertaken [add state name] to
raise consumers awareness?

Q14: What could the industry management do to promote the industry and support the
creation of value for oyster farmers?

Q15: What type of collaboration and coordination is there currently existing among oyster
farmers and other supply chains stakeholder (e.g., wholesalers)?

Q16: What are the reasons for the limited export of oysters?
Q17: Are there any regulatory challenges which affect the shape of the supply chain?
Q18: Is capital investment (e.g., institutional investors) needed to improve the oyster supply

chain?
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INTERVIEW QUESTIONS FOR PROCESSORS

Q6: How frequently do you handle oysters and in what volume?

Q7: A map of the supply chain structure and processes of oysters has been developed by
the research team based on previous work, could you please have a look at this draft and
provide comments on it? (Provide supply chain)

Q8: Could you please have a look at this value chain of oysters and provide me your
comments? (Provide value chain)

Q9: Where do you buy the oyster typically from?
Q10: Do you perceive the trade of oyster differently to other seafood? If so, in what way?

Q11: Approximately how much time does pass from when you receive the oysters to when
you sell them on?

Q12: Who do you typically sell the oyster to? Could you please provide proportions?
Q13: What are the characteristics of oysters that your customers demand?

Q14: How much oyster loss is there?

Q15: What kind of collaboration and coordination is there within the oyster supply chain?

Q16: What are the issues and opportunities of the oyster supply chain in [add name of the
state]?

INTERVIEW QUESTIONS FOR WHOLESALERS

Q6: How frequently do you handle oysters and in what volume?

Q7: A map of the supply chain structure and processes of oysters has been developed by
the research team based on previous work, could you please have a look at this draft and
provide comments on it? (Provide supply chain)

Q8: Could you please have a look at this value chain of oysters and provide me your
comments? (Provide value chain)

Q9: Where do you buy the oyster typically from?

Q10: Do you perceive the trade of oyster differently to other seafood? If so, in what why?
Q11: Who do you typically sell the oyster to? Could you please provide proportions?
Q12: What are the characteristics that your customers typically look for in oysters?

Q13: How much oyster loss is there?

Q14: What kind of collaboration and coordination is there within the oyster supply chain?

Q15: What are the issues and opportunities of the oyster supply chain in [add name of the
state]?
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INTERVIEW QUESTIONS FOR RETAILERS

Q6: How frequently do you handle oysters and in what volume?

Q7: A map of the supply chain structure and processes of oysters has been developed by
the research team based on previous work, could you please have a look at this draft and
provide comments on it? (Provide supply chain)

Q8: Could you please have a look at this value chain of oysters and provide me your
comments? (Provide value chain)

Q9: Where do you buy the oyster typically from?

Q10: Do you perceive the trade of oyster differently to other seafood? If so, in what why?
Q11: What are the characteristics that your customers typically look for in oysters?

Q12: How much oyster loss is there?

Q13: What kind of collaboration and coordination is there within the oyster supply chain?

Q14: What are the issues and opportunities of the oyster supply chain in [add name of the
state]?

Appendix 2: Project communication and engagement

e The preliminary project findings were peresented in a seminar at the Queensland
Branch of the Australasian Agricultural and Resource Economics Society (AARES)
on 3 December 2019 in Brisbane.

e Presentation about the “Challenges of developing aquaculture supply chains” at the
workshop about the aquaculture industry situational analysis organised by researcher
of James Cook Univeristy in Rockhampton on 5"/6" February 2020.

e Presenation about the “Agquaculture supply chains: The case of oysters in
Queensland and New South Wales” at the Australasian Agriculture and Resource
Economics Conference in Perth, 12th-14th February 2020.
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