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Abstract: Context; Seafood is a nutritious source of protein. However, seafood production can have
perverse environmental impacts. Seafood sustainability differs depending on species, origin, and
production/fishing method. Australian consumers seeking sustainable seafood rely on independent
sustainability guides and detailed labels at point of sale. Aims; We aimed to determine consumer
accessibility to sustainable seafood products in Southeast Queensland, Australia. Methods; We
assessed the sustainability of 52,447 seafood products from 2,110 restaurants, supermarkets, and
takeaway shops. Key results; We determined the sustainability of 36% of products according to
Australia’s Good Fish Guide. Of these, 4.9% were classified as sustainable, 4.1% as ‘Eat Less’, and
27% as ‘Say No’. Australian farmed barramundi was the most common sustainable product and
farmed Australian Atlantic salmon the most common ‘Say No’ product. We could not assess 64% of
products because of a lack of information (16%) or the product was not included in the Good Fish
Guide (48%). Conclusions; Inadequate labelling of species, origin and/or production/fishing
method reduces the accessibility of sustainable seafood in Southeast Queensland, Australia.
Implications; Improving labelling, especially origin information at point of sale is critical for
changing consumer behaviour, which represents a significant hurdle to improving the sustainability
of the seafood industry.

Keywords: Seafood; Ecolabels; Labelling; Seafood Guides; Consumers; Traceability; Seafood Origin;
Australia

Introduction

One of the greatest sustainability challenges is feeding a further two billion people without
incurring an overwhelming environmental impact. Seafood will continue to play a key role in solving
this challenge as it is generally more environmentally efficient than other sources of animal-based
proteins (Hilborn et al. 2018, Poore and Nemecek 2018, Halpern et al. 2022). Globally, fish
consumption has increased, at a rate of 3.1% each year from 1961 to 2017 (FAO 2020). Increased
demand for fish has caused fisheries catch and wild-caught fish populations to stagnate or decline
across the globe (Pauly et al. 2002), which has serious consequences for marine biodiversity,
ecosystem function, and human nutrition and welfare (Worm et al. 2006; Myers et al. 2007; Marschke
and Vandergeest 2016). Improving the sustainability of seafood benefits the ocean, and associated
ecosystems, as well as the people it supports.

There are multiple ways of defining sustainable seafood, but environmental sustainability is
typically the focus of wild caught and aquaculture produced seafood (Bogard et al. 2019). For
example, fisheries are considered to be sustainable when the stocks of target species are well
managed, destructive fishing practices and bycatch levels are minimised, and the system is deemed
as viable into the future (Hilborn et al. 2015). Similarly, aquaculture systems are considered to be
sustainable when there is efficient production with minimal pollution and waste generated, a high
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production to feed ratio, and minimal impacts on the surrounding environment (Valenti et al. 2018;
Ahmed et al. 2019; Canovas-Molina and Garcia-Frapolli 2021).

The demand from consumers to have access to sustainable seafood products is growing as
sustainability awareness and education grows, and consumers are sometimes willing to pay more for
these sustainable products (Witkin et al. 2015; McClenachan et al. 2016; Lawley et al. 2019). This has
spurred an increase in prevalence of ecolabels and seafood certification schemes such as the Marine
Stewardship Council for wild capture fisheries, and the Aquaculture Stewardship Council for farmed
seafood products (Council 2018; Council 2020). In addition, sustainable seafood guides have been
developed to help consumers determine the sustainability of the seafood available within specific
countries; for example, The Good Fish Guide assesses the sustainability of common seafood products
found in Australia.

Sustainability guides and certification schemes, however, will only help people choose
sustainable seafood products if they are readily available to consumers. Further, sustainability guides
can be difficult to use as they require information that is not always available, such as the species and
where/how it was caught or produced. In Australia, for example, seafood labelling laws do not
mandate that this information is provided to consumers, especially in the case of cooked seafood.
Here, we aim to determine how accessible sustainable seafood is to consumers in Australia, with a
focus on South East Queensland. Given the environmental and socioeconomic importance of fishing
and seafood in this area, sustainability must be a key component of the seafood seascape now and
looking forward (Steven et al. 2020). By determining the accessibility of sustainable seafood in this
region, we show where key gaps and opportunities exist to make real improvements in seafood
consumption behaviours in developed markets such as coastal Australian cities.

Methods

Study region

Australians consume an average of 13.7kg of seafood per person in 2017-18 (Steven et al. 2020).
Although Australians still eat more beef, chicken, and pork than seafood, there is cultural significance
around fishing and seafood especially near the coasts (Steven et al. 2020). Australia has numerous
policies managing fishery operations, such as the Fisheries Management Act 1991, which support
sustainability and conservation (Government 2020). The seafood Australia produces is not
necessarily consumed in Australia given that, globally, seafood is one of the most traded
commodities. Australia exports approximately 19% of the seafood it produces and imports around
70% of its seafood from overseas (Steven et al. 2020). Thus, the seafood that is consumed in Australia
may not be sustainable, despite Australia’s relatively rigorous marine conservation and sustainability
policies (Hilborn et al. 2020). We focus on environmental sustainability, in line with available
information. We conducted this study in South East Queensland, Australia, a region with a
population of 3,366,880 (ABS 2017) across 12 local government areas (“areas”) (Figure 1). We chose
this region as it was accessible to us during extensive COVID lockdowns that prohibited interstate
travel and because of the socio-economic importance of fishing and seafood. South East Queensland
has a large and active recreational fishing sector, which has grown since the COVID-19 pandemic
(Major 2021) and even exceeds commercial catch volumes and value for some species and areas
(Brown 2016).

Data collection

We designed a survey to assess the sustainability of fresh, frozen, cooked and processed seafood
products based on the Australian Marine Conservation Society (AMCS) guide, Good Fish (AMCS
2019a). The guide was chosen as it is freely available to the public via an online website and phone
application and is specifically designed for use by consumers to assess the sustainability of seafood
products they are likely to encounter in Australia. The guide categorises the sustainability of common
seafood products into three categories based on its species, origin and catch method (AMCS 2019a):
“Better Choice” (most sustainable categorisation), “Eat Less” (some sustainability concerns), and
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“Say No” (least sustainable categorisation). The survey (Appendix 1) included questions targeting
the information required for consumers to determine the sustainability of a seafood product (fresh,
cooked, frozen or canned) within the Good Fish guide, focusing on species, origin and catch method
information.
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Figure 1. Seafood products (n= 52,447) from 2,110 establishments were surveyed across South East
Queensland, Australia and assessed for their sustainability using Australia’s Good Fish Guide (AMCS
2019a).

Surveys were conducted across 12 areas at any establishment that sells seafood to the general
population, including restaurants, supermarkets, and takeaway venues. We determined a sample
size for each area (95% confidence, 5% margin of error) of 62-348 establishments, depending on
population size and how many potential establishments in each area sell seafood products (Appendix
2). To determine the initial sample size, we used publicly available food licence data provided for
four areas (Brisbane City, Gold Coast City, Ipswich City and Logan City) (Coucil 2021a; Coucil 2021b;
Council 2021a; Council 2021b), with the potential number of seafood establishments excluding
schools, hospitals, nursing homes and childcare centres, as well as establishments that definitely do
not sell seafood products such as ice cream parlours and some fast food chains (Morland et al. 2002).
We extrapolated the number of potential establishments for the eight areas that did not provide this
data by calculating the number of establishments per 1000 people in a known area with a similar
population size and multiplying by the population of the unknown area.

When surveying, we further refined the number by counting the number of establishments that
sold seafood products versus did not (not counting establishments already removed), which we used
to estimate the proportion of seafood establishments in each area that was surveyed in-person. This
was completed for 191 establishments across South East Queensland areas. We multiplied these
proportions by the potential number of seafood establishments for each area, to determine a more
accurate sample size (Appendix 2). The data collected was then extrapolated for chain establishments
based in multiple locations that confirmed they had the same products and supplier for each chain
(e.g., McDonalds) (Table 1). For major supermarkets that had limited variation across their stores
(e.g., Coles and Woolworths), a typical store for each chain was created based on the surveyed stores
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and then extrapolated for the number of stores across the survey area (Table 1). The most variation
for the supermarkets was found in the fresh/raw seafood section of the stores, with all other packaged
seafood products having a very similar range across all surveyed stores. Results were analysed with
and without extrapolation to include restaurant and grocery store chains.

Table 1. Sample size and surveys completed for establishments and seafood products in each of the
12 local government regions in South East Queensland. Data was extrapolated for regions that had
multiple chain stores, such as major supermarkets, by creating a typical store based on surveys at each
establishment and adding them the number of times they appear in a region (excluding those
surveyed in person as they were already included as part of the surveys collected in-person).

. Sample Size, 5% No. Surveyed No. Surveys No. No.
. Population . . Extrapolated
Region Margin of Error, Establishments Collected Extrapolated
(2016 Census) . Surveyed
95% Confidence In-Person  In-Person . Surveys
Establishments
Brisbane City 1,131,155 348 276 1,831 654 17,812
Gold Coast City 555,721 341 249 2,497 458 10,708
Ipswich City 193,733 205 152 932 216 3,896
Lockyer Valley 38,609 89 0 0 13 383
Logan City 303,386 233 72 1,165 165 4,242
Moreton Bay 15 309 260 148 740 263 4,982
Region
Noosa Shire 52,149 102 10 26 19 720
Redland City 147,010 169 105 1,098 140 2,414
Scenic Rim Region 40,072 49 18 45 24 258
Somerset Region 24,597 62 0 0 3 163
Sunshine Coast g, 367 208 20 163 106 4,750
Region
Toowoomba City 160,779 214 0 0 50 2119
Total 3,366,880 2,289 1,050 8,497 2,110 52,447

Based on numerous studies that have successfully incorporated citizen scientist data, we
engaged volunteers to help conduct surveys (Sullivan et al. 2014; McKinley et al. 2017). To do this, we
designed a simple survey that was easy to access by volunteers in Google Forms. We also created a
website (https://sustainableseafoodsurvey.wordpress.com/) that provided detailed instructions on
how to fill in the survey to ensure consistency among entries. We focused on the recruitment of citizen
scientists connected to local universities. Recruitment included presenting to over 80 students and
staff at the University of Queensland, emailing local environmental or marine science university
groups (e.g., University of Queensland’s Centre for Biodiversity and Conservation Science), posting
on social media, and hanging posters around the University of Queensland. We conducted all
surveys in-person, using a door-to-door method, to every open establishment at the time in an area.
At each establishment, the surveyor first observed the available information (e.g., reading the menu
or food product label), then asked an employee one or two follow-up questions if the information
was not observable. If more enquiries were required, the answer was marked as “unknown,” since
the information was not easily available. Enquiries were not made for pre-packaged products (e.g.,
canned and frozen products) as employees were unlikely to be able to provide any additional
information.

Analysis

We assessed each survey entry using the AMCS Good Fish Guide, to determine the sustainability
category of the seafood product: Better Choice, Eat Less and Say No (AMCS 2019a). The seafood
products not listed in the guide were given the category “NA”. Some seafood products did not have
enough information to categorise. However, in some cases, we were able to determine the missing
information so that we could assess their sustainability. For example, farmed Australian products for
a particular species have the same sustainability categorisation for all locations around Australia;
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thus if we knew that a barramundi product was farmed in Australia, we could assume it was a Better
Choice, without specific origin information being provided. When species-level information (e.g.,
only the species group was provided) was not provided and there were multiple different species
options to choose from in the Good Fish Guide, we deemed the product to not have specific enough
information to determine its sustainability and categorised it as unknown. For example, 14 prawn
listings are included in the guide covering all three sustainability categorisations, but products
containing prawns are often sold without all the information to determine the exact listing product.
Similarly, origin information was considered unknown if it was not given or if it was not specific
enough to use the guide to determine the sustainability categorisation. For example, the Good Fish
Guide categorises barramundi caught in Queensland fisheries as Say No, however, barramundi
caught in the Northern Territory or Western Australian fisheries are categorised as Eat Less (AMCS
2019a).Therefore barramundi labelled only as Australian barramundi would not be able to be
classified.

In addition, we assessed the entries for wild caught Australian species using the stock status
sustainability categories of the Fisheries Research and Development Corporation (FRDC). Only
Australian wild caught entries were assessed in this analysis because the FRDC does not include any
sustainability information on farmed or imported species. The FRDC works in partnership (including
receiving funding) with the Australian government to ensure sustainability of fisheries and marine
ecosystems (FRDC 2021). Although the FRDC is aimed at a broader audience (including industry,
researchers and policy makers), not just consumers, we included this analysis to compare
sustainability information for seafood species, as it is another source of data available to Australian
consumers which may provide conflicting information for some species (FRDC 2021). Additionally,
the FRDC focuses on Australian stocks, whereas other sustainability guides such as the Monterey
Bay Aquarium Seafood Watch, are specific to America and are missing a lot of local Australian
information and therefore are not as useful to Australian consumers.

Results

We surveyed 1,049 different establishments covering 8,498 products across South East
Queensland (Table 1) (analyses of in-person survey results are in Appendix 4). The lead author
conducted the vast majority (estimated 96%) of the surveys, with anonymous citizens contributing
the remaining 4%. The extrapolated data used in our analyses, including chain restaurants and
supermarkets, covered 2,110 different establishments and 52,447 products (Table 1). We found that
18,709 (36%) products contained enough information to assess sustainability using the AMCS Good
Fish Guide. A limited number of products were categorised as a Better Choice (4.9%, n=2,587), with
the majority of products being categorised as NA (seafood products not listed in the guide) (48%, n=
25,315), followed by Say No (27%, n=13,991), not enough information (could not be categorised) (16%,
n= 8,421) and Eat Less (4.1%, n=2,129). There were 187 species (n= 25,317 products) which were not
listed in the guide (or the guide did not have a listing for the information, such as a specific origin),
and were therefore categorised as NA. Skipjack tuna (n=2,826) and Atlantic salmon (n=2,559) from
imported origins were the most common species categorised as NA.

The greatest number of seafood product surveys were conducted in supermarkets (92%, n=
48,508), where 5% (n=2,447) of seafood products were categorised as a Better Choice option (Figure
2a). Farmers markets had the highest proportion of Better Choice options (32%, n=7), followed by
specialty seafood stores (13%, n=27), supermarkets (5%, n=2,447) and restaurants (4%, n=72) (Figure
2a). Frozen packaged seafood items were the most common product type for seafood products (33%,
n=17,541), however, only 0.9% (n=162) were categorised as a Better Choice (Figure 2b). The most
common sustainable, Better Choice seafood products were in their fresh/raw form (3.8%, n=1,983)
(Figure 2b). The majority of products were imported (69%, n=36,425), with only 20% (n=10,444) of
seafood products from Australia (0.4%, n=222 products were a mix of origins and 10%, n=5,356 were
of unknown origin).
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Figure 2. The sustainability of seafood products (n=52,447) were assessed using Australia’s Good Fish
Guide (AMCS 2019a) across a range of establishments (a) and for a variety of products (b). The guide
categorises seafood products into three categories: ‘Better Choice’, ‘Eat Less” and ‘Say No’. Some of
the seafood products could not be categorised due to a lack of information or were not in the guide
(NA).

We found that across the surveyed products listed in the Good Fish Guide, only 40% (n=10,843)
had all three types of information required to determine their sustainability category. Adequate
origin information was the most commonly lacking element (44%, n= 12,040) (Figure 3a). Of the
8,421 products that did not have enough information to be categorised for their Good Fish Guide
sustainability category, 93% (n=7,832) were completely missing origin information or did not have
detailed enough information to allow the sustainability category of the product to be determined
(Figure 3b and c). We found that 26% (n="7,309) of surveyed seafood products listed in the Good Fish
Guide did not have clear species names (Figure 3a). Cooked products were most commonly lacking
information (n=2,120), whereas canned (n= 761) products usually provided enough information to
categorise them (Figure 3b). Restaurants/cafes and takeaway shops were more likely to lack the
required information to assess sustainability than supermarkets and had a much higher proportion
of products unable to be categorised (53%, n=1908) compared to supermarkets (13%, n=6430) (Figure
3c). Often staff when queried about missing information, they were unable to provide the information
(54%, n= 3324, Appendix 5). With the inclusion of this information to consumers, an additional 2,338
surveyed seafood products may have been considered to be a Better Choice, sustainable option,
increasing the potential availability of sustainable seafood products to 9.4%. However, without this
additional information, consumers looking to use the Good Fish Guide to purchase sustainable
seafood products are, often unnecessarily, further limited in their choices.


https://doi.org/10.20944/preprints202112.0164.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 May 2023

doi:10.20944/preprints202112.0164.v2

a. Type of Information b.Type of Product

Frozen (Packaged) _
Production Method
Dried

Species 0 10 20 30
Information Available Unknown information
ﬁnzwn . Origin
menown c. Type of Establishment I species
Origin Production Method
Takeaway Shop I.
supermarket{ | NN
Specialty Seafood Store |
Service Station
All Information Restaurant/ Café -

Food Truck
Farmers Market

0 25 50 75 100 0 20 40 60
Seafood Products Listed in the Good Fish Guide (%) Seafood Products with Not Enough Information (%)

Figure 3. Seafood products listed in the Good Fish Guide (n=27,130) (AMCS 2019a) were assessed to
see what type of information was available to consumers (a). ‘All information’ represents the products
which had species, origin, and catch method known (a). The seafood products which did not have
enough information (n=8,421) to be assessed for their sustainability category by the Good Fish Guide
(AMCS 2019a), were analyzed to determine which types of information were unknown or not specific
enough, for different types of (b) products and (c) establishments.

We found some discrepancies between the Good Fish Guide sustainability categories and the
FRDC stock status reports (Table 2). There were inconsistent categorisations for 31 of the species (n=
874 products). For example, 11 stocks were considered to be sustainable by the FRDC and
unsustainable (Say No) by the Good Fish Guide (AMCS 2019a). If consumers use the FRDC statuses
as their guide when purchasing sustainable seafood products, 4.4% (n= 2,288) of seafood products
surveyed would be considered sustainable (compared to 4.9% with Good Fish Guide alone), or 7.9%
(n=4,115) of products were sustainable if considering the best listing from either guide.

Table 2. Comparison of sustainability categories for wild caught Australian seafood products (n=
1,644) with enough information to determine both the Fisheries Stock Status and the Good Fish Guide
(AMCS 2019a) sustainability category.

Fish Gui
Fisheries Stock Status Good Fish Guide Category

Better Choice Eat Less Say No

No. Products Sustainable 760 741 122

No. Species 20 16 11
No. Products Depletin - 6 -

No. Species P & - 1 -
No. Products - - 4

Depl

No. Species epleted - - 2
No. Prodl%cts Undefined - 8 3

No. Species - 3 1

We summarised the most common products in each sustainability category and found that the
most common Better Choice options surveyed were farmed Australian seafood (Table 3). The
exception is farmed Australian Atlantic salmon, which was the most common farmed species and is
categorised as Say No. Blue grenadier was one of the most common species available to consumers
(n=1,554), however, the sustainability categorisation is determined by the origin of the fish, with the
less sustainable option from New Zealand being more prevalent than the more sustainable option
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from Australia (Table 3). There were eight species listed in the Good Fish Guide which we did not
encounter during the survey (e.g., Australian salmon and luderick), however, as there were
numerous unknown species (categorised as not enough information), the species may still be present
in the surveyed products.

Table 3. The five most common seafood species surveyed for each category in the Good Fish Guide:
“Better Choice”, “Eat Less” and “Say No” (AMCS 2019a).

Good Fish Guide Sustainability Categorisation

Better Choice Eat Less Say No
. . No. . .. . . .. .
Species Conditions Products Species Conditions Products Species Conditions Products
Barramundi Australian 588 Ocean/Rainbow  Australian 569 Atlantic Australian 333
Farmed Trout Farmed Salmon Farmed
Imported
All Oy'ster Australian 450 Blue Gren‘adler/Austrahan Wild 436 Prawns Wild 1473
Species Farmed Hoki Caught Caught or
Farmed
Imported
All Pr?wn Australian 444 Saddletail  Australian Wild 267 Basa Wild 1406
Species Farmed Snapper Caught Caught or
Farmed
All .
Rocklobster Wild Caugh Wild Caught New
Speci from WA, QLD, ¢ WA Blue Zealand
pecies NSW or 258  Banana Prawn rom ’ 240 Grenadier/ ea'an 1118
(except Commonwealth . Wild
Commonwealth Hoki
Southern Waters Waters Caught
Rocklobster)
Wild Caught . Imported
All I I
Soecct;z“s from TAS, WA, 206  Nile Perch mpg:edh‘:h 4 164 Hake wild 346
p VIC 8 Caught
Discussion

We found that it is difficult for consumers to access sustainable seafood products in South East
Queensland. There are many detrimental impacts from producing unsustainable seafood products
for both fisheries and aquaculture systems, including overfishing and bycatch, habitat destruction,
and pollution. Overfishing of target and non-target (bycatch) species is a fundamental challenge for
fisheries in Australia and globally, and combatting overfishing is a core tenet of sustainable seafood
initiatives (Roberson et al. 2020). Habitat destruction from fisheries occurs primarily through damage
to the benthic structure from certain fishing methods (e.g. trawling), but fishing can also create
disturbances that negatively impact non-target organisms (e.g. resuspending sediments), or reduce
overall benthic diversity (Collie et al. 2000; O'Neill and Ivanovic 2016). Unsustainable aquaculture
systems can also cause habitat destruction of marine, coastal, and terrestrial ecosystems through
habitat clearing, depending where the farm is based (Ahmed et al. 2019; Canovas-Molina and Garcia-
Frapolli 2021). Pollution is a serious issue for aquaculture, especially eutrophication and
sedimentation of the surrounding environment from effluent which can lead to anoxic conditions
and harmful algal blooms (Tovar et al. 2000; Ahmed et al. 2019). The major source of fisheries-based
pollution is discarded (“ghost”) fishing gear, which is a direct threat to marine biodiversity and
results in measurable economic losses for fisheries (Hardesty et al. 2015; Eric Gilman 2016).  If better
options are accessible, consumers have the power to shift demand towards seafood products with
fewer deleterious environmental impacts, which can drive industry to produce more sustainable
products.

There are some limitations and potential biases to our results. For example, when asking a server
at a particular establishment questions about the product, the answer may differ depending who
answered the question. Thus, the results may differ if the survey was conducted at the same places
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at different times, which mimics the problem consumers’ face when purchasing seafood products.
Some severs were more willing to search for the information, or were able to get a manger, owner or
chef who was able to answer the questions. Others had no idea and were unwilling to investigate, or
no one with the information was available at the time. There may have been some social desirability
bias with some of the answers as some servers may have given a dishonest answer (mostly in regards
to origin information) depending on what they thought the person surveying wanted to hear, in order
to give them a higher likelihood of a sale. For example, claiming the seafood was of Australian origin
as opposed to imported as it may sound higher quality. Another limitation was that not all areas were
surveyed in-person and relied only on extrapolated data, meaning that some of the variation in
establishments such as restaurants and cafes was not represented in this study for those areas.
However, the majority of in-person surveys were completed in the most populated areas with the
highest number of seafood vendors. Additionally, the accuracy of the labels was not tested, and
numerous recent studies have shown through genetic testing that many products are mislabelled
(Kroetz et al. 2020). Further, the availability of seafood may vary depending on the season, especially
for fresh seafood products, which influences our results.

The main legislation in Australia governing labelling laws is the Australia New Zealand Food
Standards Code (ANZFSC). Currently, the ANZFSC only requires country of origin labelling for
packaged seafood products, such as canned and frozen seafood (Transport 2014; Government 2016).
This explains why there are a high number of products with inadequate information for cooked
products and restaurant/cafes and takeaway shops in comparison to supermarkets. Removing the
labelling exemption for cooked food in places including restaurants and cafes would greatly improve
the transparency of seafood labels and allow the sustainability of more seafood products to be
determined. This would make Australia a world leader in this regard, as cooked seafood products in
most countries, including the European Union, Canada and America, do not mandate country of
origin labelling for cooked seafood products served in the hospitality industry (Service 2009;
Parliament 2013; Canada 2019). An Australian senate inquiry into this issue was conducted in 2014,
which determined that the exemption for cooked seafood in the food service industry should be
removed (Transport 2014). This further-supports changing the country of origin requirements for
seafood products in hospitality establishments across Australia. However, when the federal labelling
laws were updated in 2016, the origin exemption for the hospitality industry was not removed
(Government 2016). The Northern Territory already requires hospitality establishments to label if
seafood is imported and demonstrates that concerns about high additional costs to implement
country of origin laws for seafood are unfounded (Transport 2014). Queensland has recently passed
a Bill (Food (Labelling of Seafood) Amendment Act 2021), due to come into effect in July 2023, which
requires the hospitality industry in Queensland to label seafood items as Australian or imported on
their menus, in line with the Northern Territory.(Government 2021). This will help improve the
transparency of where seafood products are from and thus, make it easier for consumers to determine
the sustainability of seafood. Transparency in seafood productions chains could help improve the
responsibility and accountability of producers to use more sustainable practices (Bailey et al. 2016;
Lewis and Boyle 2017), and therefore reduce their overall environmental impact on the ocean.

The number of canned and frozen products missing information, which are typically packaged
and are predominately found in supermarkets, is still quite large considering the Australian labelling
laws. This is likely due to a generic name such as “fish” being an acceptable species label (Transport
2014; Government 2016), with 4,249 products being labelled as “fish” and 490 of those products
provided fish as the most detailed species information, after examining the label or asking a server.
In addition, there were 41 products labelled as flake (shark), another common generic name, with 28
products not providing any extra details even after enquiry. Furthermore, lax species labelling laws
are facilitated by the lack of an official compulsory naming standard for seafood species. The seafood
industry (funded by the FRDC) created the only available guide, the Australian Fish Names Standard,
but it is voluntary (Transport 2014; FRDC 2021). Therefore, adopting a mandatory labelling system
will improve consistency and allow consumers to know exactly what species they are consuming.
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The framework for this to occur is already in place with the Australian Fish Names Standard, which
covers over 4,000 species, including both imported and domestically produced seafood (FRDC 2021).

We found almost half of products were missing origin information, despite current labelling
laws, which was likely due to two factors. Firstly, in many cases, more detailed origin information
(e.g., at Australian state level instead of just “Australia”) was required to successfully categorise a
species using the Good Fish Guide. Secondly, many products (mostly packaged) that listed a country
of origin, only labelled the country of processing (satisfying the labelling requirements) but did not
list where the seafood in the product was caught or farmed (Government 2016). It is common for
seafood products to be transported to numerous destinations before reaching a consumer’s plate; for
instance the animal may be caught or farmed in one country then sent to one or more additional
countries for processing, before ultimately being sent to another country (or sometimes back to where
it was caught) for final sale and consumption (FAO 2020). Therefore, adding more specific origin of
seafood labelling for processed seafood products (e.g., the fishery or farm where the species was
caught), will also allow the consumer to have a better understanding of where the product has come
from as well as where it was processed, giving greater transparency of the supply chain for the
seafood product. For farmed seafood, the country of the farm and the species is sufficient detail for
consumers to understand its geographic origin. Additionally, including the specific farm name on
products would also be beneficial for consumers as individual farms may have differing
sustainability standards. However, wild caught seafood requires more detailed origin information as
there are often multiple stocks of a species within a country. Furthermore, the Good Fish Guide
recommends that labels also include which gear is used and the name of company to increase the
accountability of the company and encourage them to ensure a high standard of environmental
management, which will allow consumers to pick products with the best sustainability practices
(AMCS 2019b). This will bring Australia in line with countries such as America and the European
Union that already enforce specific country of origin laws for packaged seafood products, including
detailing where the seafood was caught or farmed as well as listing the catch method (Service 2009;
Parliament 2013). These regulations by America and the European Union have been put in place to
reduce the amount of illegal, unreported and unregulated (IUU) seafood products entering their
markets (Bailey et al. 2016; Lewis and Boyle 2017).

The Good Fish Guide has a limited number of products classified as a Better Choice for
consumers (AMCS 2019a). The guide currently lists 45 better choice options out of 130 options,
potentially making the choice limited for consumers and harder to find amongst the large range of
species that are consumed (AMCS 2019a). There were a large portion of seafood species that were not
included in the guide, especially imported species. Furthermore, the missing Australian species were
often common in major supermarkets, such as sweetlip and blacktip shark, which is concerning as
supermarkets were the most common place for consumers to access seafood products. As Australia
imports 70% of seafood products (Steven et al. 2020), the addition of commonly available species is
necessary to improve the effectiveness of the guide to consumers. The inconsistency in information
between the Good Fish Guide and the FRDC also has the potential to confuse consumers as different
species have different sustainability categorisations when it comes to wild caught Australian seafood.
When used individually, both sources of sustainability information had low (less than 5%)
accessibility of sustainable products. Combining the availability of sustainable products increases the
availability to 7.9%. However, this is still quite poor given the large number of seafood products
available to consumers. Furthermore, it is unrealistic for people to refer to two different sources of
sustainability information when purchasing seafood.

The conflicting results when comparing the FRDC to the Good Fish Guide can be explained by
the differences in their assessment criteria. The Good Fish Guide for wild caught species uses a
holistic view of the ecosystem, focusing not only on the stock status of the target species, but also on
environmental impacts, bycatch, and management, when assessing the categorisation of a species
fishery (AMCS 2019a). In contrast, the FRDC only considers a species on an individual level, and
assesses how that specific stock is performing in terms of biomass and fishing pressure to determine
sustainability. However, in the future they are planning to consider broader ecosystem, social and
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economic impacts in their reports (FRDC 2021). These differences in assessment and sustainability
information highlight the inconsistencies in the definitions of sustainable fisheries and seafood
(Hilborn et al. 2015), and could cause confusion for consumers.

These results highlight how challenging it is for consumers to access sustainable seafood in
South East Queensland despite the existence of sustainable options, including products that cost the
same or less than “Say No” or “Eat Less” options.. The effort involved in obtaining the necessary
information may discourage them from buying seafood products altogether. When information is
not presented to the consumer in enough detail and staff cannot provide the missing information,
guides such as the Good Fish Guide and America’s Monterey Bay Aquarium Seafood Watch are
unable to be successfully used (Kemmerly and Macfarlane 2009; Roheim 2009). However, when there
is sufficient information, guides are an excellent resource for consumers to utilise and not only aid in
increasing knowledge and awareness of sustainability issues in the seafood industry, but also help to
change consumer purchasing habits (Kemmerly and Macfarlane 2009). Thus, our recommendations
broadly apply to countries with seafood guides that are looking to improve the availability of
sustainable of seafood to their consumers. As a general rule for Australian seafood consumers, we
recommend choosing local Australian products as they are usually the most sustainable option due
to regulated legislation, such as the Fisheries Management Act 1991, that ensure generally well-
managed fisheries and aquaculture systems compared to many exporting countries. Farmed prawns,
mussels, oysters and barramundi are the most common sustainable seafood products available.

Overall, there needs to be a higher standard of seafood production to increase the accessibility
of sustainable seafood products to consumers and give them a greater variety of choices. Stricter laws
for Australia’s seafood imports in terms of sustainability and traceability would further increase the
relative availability of sustainable seafood options for consumers. Improving the sustainability of
trade and food production in Australia would not only benefit people looking to make sustainable
choices, but also help the Australian government meet the United Nations Sustainable Development
goals, specifically goals 12 and 14 (Responsible Consumption and Production and Life Below Water).
Ultimately, efforts to improve the production component of sustainable seafood will be wasted if
complementary actions are not taken to close the supply loop and communicate that information to
consumers.
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Appendices

Appendix 1

Sustainable Seafood Survey

A single enquiry may be required to the person serving you e.g. could you please tell me
what species this is and where it was caught?
*Required

1. Date*

2. Name of Establishment *

3. Suburb or Postcode *

4. Type of Establishment *

Mark only one.

Restaurant/ Cafe
Take away (e.g. Fish & Chip Shop)
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Supermarket

Specialty Seafood Store

Farmers Market

Food Truck

Other:
5. Type of Product*

Mark only one.

Fresh/ Raw

Frozen

Cooked

Canned
6. Product label*

Includes the label on the menu, packaging or signage
7.  Which species*

Please be as detailed as possible (this can include scientific name or common name(s)). If no specie

information is available please specify the type of seafood e.g. fish, prawns etc.
8. Place of origin (where caught or farmed)*

This could be a country, region or ocean, please be as detailed as possible
9. State —if Australian place of origin

Mark only one.

QLD

NSW

VIC

SA

NT

WA

TAS

Unknown
10. Catch Method*

Mark only one.

Farmed

Wild Caught

Unknown
11. Any other catch information (e.g. line caught, trap etc.)
12. Sustainability Certification*

Tick all that apply.

Marine Stewardship Council (MSC)

Responsibly sourced (Woolworths)

Aquaculture Stewardship Council (ASC)

Responsibly sourced (Coles)

Best Aquaculture Practices (BAP)
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No certification
Other:
13. Cost $*
14. Cost units*
Mark only one.
Per 100g
Per Kg
Per serve
Other:
15. Did you ask for any of this information?*
Tick all that apply.
Species
Origin
Catch method
No
Other:
16. Additional comments
Appendix 2
Table Al. Detailed sample size and surveys completed for establishments and seafood products in
each of the 12 local government regions in southeast Queensland.
P ti
No. roportion Sample No. No.
. . of Seafood . No. No.
Potential Population . Size, 5% Surveyed Extrapolate
. Establishme . . Surveys Extrapol
Region Seafood (2016 Margin of Establish d Surveyed
. nts (After Collected . ated
Establishme Census) Error, 95% ments In- Establishme
In-Person . In-Person Surveys
nts . Confidence Person nts
Surveying)
Brisbane City 6159 1,131,155 0.60 348 276 1831 654 17812
Gold Coast City 4446 555,721 0.67 341 249 2497 458 10708
Ipswich City 576 193,733 0.76 205 152 932 216 3896
Lockyer Valley* 115 38,609 0 89 0 0 13 383
Logan City 970 303,386 0.61 233 72 1165 165 4242
Moreton Bay 135, 4p5300 0.66 269 148 740 263 4982
Region
Noosa Shire* 155 52,149 0.89 102 10 26 19 720
Redland City* 437 147,010 0.68 169 105 1098 140 2414
Scenic Rim 119 40,072 0.46 49 18 45 24 258
Region*
Somerset Region* 73 24,597 0 62 0 0 3 163
Sunshine Coast g, 294,367 0.48 208 20 163 106 4750
Region*
Toowoomba 478 160,779 0 214 0 0 50 2119
City*
Total 15829 3,366,880 - 2289 1050 8497 2110 52447

*Regions that did not have publicly available food licence data and were based on the region with the
closest population, either Logan City or Ipswich City.
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Appendix 3
Table A2. Dataset headings, which were not all included in this analysis.
Establishment Product Sustainability Categorisation
Date Type of Product AMCS Guide Categorisation
Establishment Product Label AMCS Guide Categorlsatlon (Worst
Choice)
. Good Fish Guide Recognised
Suburb Type of Seafood (e.g. fish, prawn) Establishment
A li food Fi
Postcode Which Species Great Austra fan Seafood Finder
Establishment
Region (Local

Government Area)

Latin name if given

EPBC Act List of Threatened Species

Australian/Imported FRDC Stock Status
Place of Origin TUCN Red List Status
State (if Australian Place of Origin) Presence of MSC Certification
Catch Method Canned Tuna Guide

Other Catch Method Information
Presence/ Absence of a Sustainability

WWE At Risk Species to Avoid
Monterey Bay Aquarium Seafood

Certification Watch
Researched Sustainability Certifications Fish Choice
Price (AUD) Good Fish Guide UK

Price Units
Did you Ask for any of this Information?
Additional Comments

Ocean Wise Seafood Program

Appendix 4

a. Type of Establishment

Service Station I

Takeaway Shop

Supermarket

Specialty Seafood Store

Restaurant/ Cafe

Food Truck

Farmers Market

Good Fish Guide

0 20 40 60 B setter Choice
Eat Less
b. Type of Product . Say No
_ I . w
Frozen (Packaged) .
NA

Fresh/ Raw

Dried ‘

Cooked

Canned

0 10

20 30
Surveyed Seafood Products (%)

Figure A1l. The sustainability of in-person surveyed seafood products (n= 8,497) were assessed using
Australia’s Good Fish Guide (AMCS 2019a) across a range of establishments (a) and for a variety of
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products (b). The guide categorises seafood products into three categories: ‘Better Choice’, ‘Eat Less’
and ‘Say No’. Some of the seafood products surveyed could not be categorised due to a lack of
information or were not in the guide (NA).

Table A3. Summary of the sustainability of in-person surveyed seafood products for types of
establishments and products, assessed against the Good Fish Guide (AMCS 2019a).
Establishments
Sustainability Categorisation (No. Products)
Type Not E h Total
P Better Choice  Eat Less Say No © nogg NA
Information
Farmers Market 7 12 - 1 2 22
Food Truck 2 2 2 - 1 7
Restaurant/ Café 56 21 247 792 223 1339
Service Station - - 11 10 58 79
Specialty
27 21 36 70 52 206
Seafood Store
Supermarket 237 206 1524 852 3032 5851
Takeaway Shop 32 23 239 546 153 993
Products
Canned - - 268 112 2049 2429
Cooked 85 47 673 1222 592 2619
Dried - - - 1 7 8
Fresh/ Raw 255 141 474 418 196 1484
F
rozen 21 97 644 518 677 1957
(Packaged)
Appendix 5
Table A4. Information provided to consumers when specifically enquiring about a seafood product
(across n= 4099, with some products having multiple enquiries made about them), showing whether
servers were able to provide the knowledge to a consumer.
a. Summary
Question Total
Species Origin Catch Method
Known Unknown Known Unknown Known Unknown Known Unknown
No. Products 814 1285 1519 1775 502 264 2835 3324
Perc(i/“)tage 38.78 61.22 46.11 53.89 65.54 34.46 46.03 53.97
b. Type of Establishment
Question Total
Type of Establishment Species Origin Catch Method

Known UnknownKnown Unknown Known Unknown Known Unknown

Farmers No. Products - - - - - - - -
Market Percentage (%) - - - - - - - R

No. Products 2 - 3 - 6 - 11 -
Food Truck
Percentage (%) 100 0 100 0 100 0 100 0
Restaurant/ No. Products 42 69 609 486 147 137 798 692
Café Percentage (%) 37.84 62.16  55.62  44.38 51.76 48.24 53.56 46.44
Service No. Products - 1 - 1 - - - 2
Station = Percentage (%) 0 100 0 100 - - 0 100
Specialty No. Products 3 3 6 - 130 8 139 11
Seafood Store Percentage (%)  50.00 50.00 100 0 94.20 5.80 92.67 7.33
No. Products 252 154 30 6 33 15 315 175
Supermarket

Percentage (%)  62.07 3793 8333 16.67 68.75 31.25 64.29 35.71
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Takeaway  No. Products 200 768 763 792 182 102 1145 1662
Shop Percentage (%) 20.66 79.34  49.07  50.93 64.08 35.92 40.79 59.21
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