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Abstract: Wild-caught shrimp and prawns are the single most numerous group of animals directly killed for
human food consumption on the planet. Recent scientific developments have led to greater understanding of
the probability that at least some species of shrimp are sentient beings and, should that be the case, policies
that could improve shrimp welfare. We begin with an overview of global shrimp fisheries and their
characteristics. The world's shrimp fisheries can be understood as a spectrum between large, industrial trawlers
in developed and developing countries (e.g. Western Europe, the Americas, Russia) and small-scale fisheries
for subsistence in developing countries (e.g. South-East Asia, East Africa). Each has different implications for
animal welfare, particularly in light of human wellbeing challenges associated with shrimp fisheries. Secondly,
we turn to the emerging science of shrimp welfare and examine recent developments in government and
industry policy. In large-scale trawl fisheries, animal welfare can be improved by installing electrical stunning
equipment; continuing existing work on bycatch reduction; and optimising on-board processes to reduce the
stress endured by shrimp during capture and slaughter. In small-scale fisheries, improving government
capacity and supply chain practices may bring benefits for communities in the short-term while opening up
opportunities for more specific shrimp welfare policies in the long-term. Thirdly, we provide a new dataset of
the estimated numbers of individual shrimp caught by country and species. Drawing on this data, we provide
a description of the shrimp fishing industry in the world's top 25 countries by estimated catch of individual
shrimp. By our estimates, the wild-catch shrimp industry catches 37.4 trillion individual shrimp (36.3 trillion
sergestids, 781 billion carideans, and 287 billion penaeids). Finally, we explore the ethical implications of the
probability that shrimp and prawns are capable of feeling pain and the welfare policies that could be adopted.
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Introduction

Animal welfare is increasingly understood as an ethically significant dimension of sustainable
food production (United Nations Environment Programme 2019; Coghlan et al. 2021). This is
reflected in increasing consumer concern for animal welfare, retailer commitments to meet minimum
welfare standards, and government legislation (Alonso et al. 2020; Albalat et al. 2022; Wickens 2022;
Wahltinez et al. 2022). Society is increasingly turning attention towards the welfare of aquatic animals
in particular, including fish and marine invertebrates (Stien et al. 2020; Albalat et al. 2022; Crump et
al. 2022; Wahltinez et al. 2022). It was recently estimated that the most numerous group of animals
directly killed for human consumption is shrimp, exceeding even numbers of directly killed fish and
chickens (Romero Waldhorn and Autric 2022). This means that the overall animal welfare impact of
the global shrimp industry could potentially be very large (Scherer et al. 2018). Wild-caught shrimp
can be used for human consumption, production of feed for livestock and farmed fish, and/or other
industrial processes such as chitin/chitosan production (Orrego and Salgado 2014).
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Broadly speaking, wild-caught shrimp can be divided into three taxonomic groups. These three
taxonomic groups are distinguished by important biological characteristics, industry features, and
welfare considerations (Comstock 2022a). As such, policies that aim to improve animal welfare (or
any other dimension of sustainability) will tend to differ between these three taxonomic groups
(Gillett 2008) (Figure 1).

The penaeids are a family of shrimp within the superfamily Penaeoidea and suborder
Dendrobrachiata. These are warm-water (mostly tropical) shrimp, targeted by both industrial
trawlers and small-scale fisheries. Penaeids have a relatively large body size (between 2 and 15
shrimp per pound) and a relatively short life cycle (below 3 years) (Gillett 2008).

The carideans are a family of shrimp that constitute the infraorder Caridea in the suborder
Pleocyemata. These are cold-water (mostly temperate) shrimp, targeted by both industrial trawlers
and small-scale fisheries. Carideans have a small body size (over 100 shrimp per pound) and a longer
life cycle (between 3 and 8 years) (Gillett 2008).

The sergestids are a family of shrimp that constitute the family Sergestidae within the suborder
Dendrobranchiata. These are warm-water (mostly tropical) shrimp, usually targeted by small-scale
fisheries. Sergestid shrimp, especially in the genus Acefes, are particularly important in South-East
Asia, East Asia, and East Africa and are commonly used to produce shrimp paste (Gillett 2008;
Jagerroos 2016; Ding et al. 2021; Bauer 2023). Sergestids have a very or even microscopic body size
and a short lifestyle (below one year) (Gillett 2008).

In this report, we use the word "shrimp" to refer to any crustacean within the suborder
Dendrobranchiata or the infraorder Caridea. There are two additional infraorders that are justifiably
called "shrimp" (Procarididea and Stenopodidea), but these are not targets for fisheries and less
relevant to this report. In this sense, "shrimp" is a paraphyletic group; shrimp in Caridea diverged
more recently from crabs and lobsters than they did from shrimp in Dendrobranchiata (De Grave et
al. 2009; Wolfe et al. 2019). We view the words "shrimp" and "prawn" as interchangeable (Gillett 2008;
Romero Waldhorn and Autric 2022).
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Figure 1. Classification of the main shrimp fisheries in the countries we detail in this report (the top
25 countries by estimated individual shrimp caught).

One way to understand the global shrimp fishing industry is as a spectrum. On one extreme,
there are commercial trawlers that operate in developed countries (Figure 2A-B). Examples include
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the North Sea trawlers that target Crangon crangon (Innes and Pascoe 2008; Dutch Fish Product Board
2009) and Australia's Northern Prawn Fishery (Farmery et al. 2015). Trawlers can be equipped with
one or more beam trawls or otter trawls, and voyages can last weeks or months (Gillett 2008). Fleets
may contain a few hundred or even a few dozen vessels (Respondek et al. 2022). These fisheries tend
to be relatively wealthy (on a global scale) and technologically sophisticated, with catch often
processed and packaged on-board. A trawl may be conducted for several hours; shrimp in the water
are exhausted by escape attempts and eventually overrun into the trawl net (Gillett 2008). When
finfish enter the net, they may either swim with the net or become exhausted and fall into the codend
(Gillett 2008).

After a trawl is conducted for several hours, the net and its contents (the shot) are hauled and
released onto the deck. The shot is sorted, which can involve removing bycatch and grading or sizing
the shrimp. This step can be entirely manual, though grading may involve a machine (Carnie 2002).
Sorted shrimp are washed in clean seawater and occasionally treated with chemicals (e.g.
metabisulphite) (Carnie 2002; Gokoglu et al. 2022). On shorter voyages or on trips where the catch
can be unloaded intermittently, the shrimp may be stored in cold water (Carnie 2002). On longer
trips, the catch can be cooked in boiling water before being packaged and stored in an on-board
industrial freezer (Carnie 2002; Innes and Pascoe 2008; Dutch Fish Product Board 2009; Vestergaard
et al. 2011; Mann 2018; Gokoglu et al. 2022).

On the other extreme, there are small-scale fishing communities that operate in developing
countries, usually close to the shore or in estuaries (Figure 2C-D). These fisheries tend to be
characterised by low levels of technological sophistication and comparatively high levels of poverty.
Examples include the Vietnam coastal communities, where shrimp fishing is considered a "last resort"
occupation and poverty is high (Tran Thi Phung Ha 2012), and Thailand, where there have been
widespread reports of modern slavery aboard fishing vessels (Kadfak et al. 2023). These fisheries tend
to be multi-species, and fishers will sell the shrimp alongside other invertebrates and finfish that are
also caught (Thanh Viet Nguyen 2011; Cinco et al. 2015; Wong and Yong 2020). These fisheries can
be conducted aboard small vessels (non-motorised or with small engines) or by wading into the water
from shore. As for gear types, Gillet (2008) lists: stow nets, lift nets, push nets, beach seines, gillnets,
barriers across estuaries, net, weirds, and traps. Some of these are passive gear types, such as the stow
net, which catch shrimp by using the flow of the current. Small-scale fisheries in developing countries
often struggle with enforcing fisheries regulations.
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Figure 2. Shrimp fisheries differ widely around the world. (A) Crangon crangon caught in the
industrialised and technologically sophisticated North Sea fishery. (B) Trawlers targeting C. crangon
in the adjacent Wash shrimp fishery, England. (C) Shrimp and bycatch aboard a trawler in India's
shrimp fishery, which involves both commercial and small-scale fishing. (D) Fishers warm themselves
with a fire by their boats as they wait for customers to arrive. Note the debris on the beach. (Credit:
A: Hans Hillewaert, CC BY-NC-ND 2.0 licence; B: Ian Simons, CC BY-SA 2.0 licence; C, D: S.
Chakrabarti / We Animals Media, Non-Commercial Use licence.).

Of course, there are many industries that can be positioned between these two extremes, such
as small-scale shrimp fisheries in developed countries (e.g. the in-shore pot fishery targeting Palaemon
serratus in Ireland (Fahy and Gleeson 1996; Tully 2017)) and large, technologically sophisticated
trawlers in developing countries (e.g. industrial freezer-trawlers in Mozambique's shrimp fishery
(Torres Coll 2013)). It is self-evident that policies to improve fishing practices need to vary
significantly along this spectrum (Gillett 2008; Suuronen et al. 2020).

Much of the academic and policy discussion around shrimp fisheries focus on the issue of
bycatch. The rates of bycatch in shrimp trawling can be very high, with estimates exceeding 80% or
even 90% by weight in some contexts (Jang et al. 2009; Pillai et al. 2022; James et al. 2023). Animals
caught as bycatch can include marine invertebrates, finfish, turtles, marine mammals, and seabirds
(Wickliffe and Jodice 2010; Brito 2012). Bycatch may also include juvenile individuals of the target
shrimp species. Bycatch may be returned to the water, but mortality is high, including for juvenile
shrimp (Temming et al. 2022). Bycatch has been mitigated by technical solutions (e.g. bycatch
reduction devices or other net modifications (Gillett 2008; Brito 2012; Mann 2018)) and policy
solutions (e.g. moving fisheries away from areas where high rates of bycatch are detected (Gillett
2008; Hvingel and Zimmermann 2023)). Bycatch is a more salient issue in large trawl fisheries,
particularly in developed countries; in contrast, small-scale fishers tend to target multiple species and
view "bycatch" as a valuable component of their catch (Gillett 2008).

The remainder of this report is structured as follows. Firstly, we summarise the current state of
scientific knowledge related to shrimp welfare and recent developments in government policy,
industry policy, and technology. Secondly, we give a brief overview of issues relating to human rights
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and wellbeing in global shrimp fisheries, as any successful animal welfare policy needs to incorporate
an understanding of social and economic needs. Then, we critically discuss potential policies that can
be leveraged by governments, retailers, and industry to improve the welfare of wild-caught shrimp.
Finally, we examine the global shrimp fishing industry from the perspective of catch-by-number, a
more relevant measure of animal welfare impact than catch-by-weight. We give an in-depth
summary of shrimp fisheries in each of the world's top 25 countries by number of individual shrimp
caught, before concluding the report with a discussion of how ethics can advise policy in wild-caught
shrimp fisheries.

Are shrimp sentient beings?

The capacity of crustaceans, including shrimp, to feel pain is an emerging area of interest in
academic research, and this has already led to government regulations and industry policies that
respond to recent findings. While many of these policies have focused on the welfare of farmed
crustaceans, there are some cases where wild shrimp welfare is explicitly taken into account.

The leading report on sentience in crustaceans was carried out by Birch et al (2021) at the London
School of Economics. This team reviewed more than 300 scientific papers on crustaceans and
cephalopods, and their report played a key role in the inclusion of decapod crustaceans and
cephalopods within the UK's Animal Welfare (Sentience) Act 2022 (Department for Environment,
Food & Rural Affairs 2021). The Birch report provides a framework that can be used to evaluate the
evidence of sentience in crustaceans. This framework evaluates taxa against eight criteria considered
to be relevant to the capacity of organisms to feel. The authors evaluated caridean shrimp and
penaeid shrimp (among other taxa) against these criteria:

1) Possession of nociceptors: "High" confidence that this criterion is satisfied by carideans and
penaeids.

2) DPossession of integrative brain regions: Very high" confidence for carideans and "low"
confidence for penaeids.

3) Connections between nociceptors and integrative brain regions: "Low" confidence for
carideans and penaeids.

4) Responses affected by potential local anaesthetics or analgesics: "Medium" confidence for
carideans and penaeids.

5) Motivational trade-offs that show a balancing of threat against opportunity for reward: "Low"
confidence for carideans and penaeids.

6) Flexible self-protective behaviours in response to injury and threat: "Medium" confidence for
carideans and "low" confidence for penaeids.

7)  Associative learning that goes beyond habituation and sensitisation: "Low" confidence for
carideans and penaeids.

8) Behaviour that shows the animal values local anaesthetics or analgesics when injured: "Very
low" confidence for carideans and penaeids.

A key challenge is that there have been relatively few primary studies that provide evidence,
whether positive or negative, against these criteria for shrimp (Albalat et al. 2022). As the authors
conclude (Birch et al. 2021): "[...] in cases where we are not able to have high or very high confidence
that a criterion is satisfied, this is invariably because of a lack of positive evidence, rather than because
of clear evidence that the animals fail the criterion."

Nevertheless, the framework of Birch et al. provides a systematic way to evaluate existing studies
and identify key knowledge gaps —future primary studies can focus on filling these key gaps for the
most numerous commercially important decapods. In addition, the framework leads to hypotheses
that can be tested. Comstock (2022a; 2022b) points out that the case for sentience is currently a bit
stronger for caridean shrimp than penaeid shrimp and offers a number of testable hypotheses that
could examine whether caridean and penaeid shrimp indeed differ in sentience. Mallatt and Feinberg
(2022) offer the testable hypothesis that, if decapod crustaceans are indeed sentient, then they may
have efficient neural circuitry. Rigorous scientific enquiry leading to verifiable, replicable results can
place society in the best position to make informed decisions about protecting the welfare of shrimp
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and the specific details of those protections (Freeling and Connell 2021; Albalat et al. 2022; Diggles et
al. 2023).

Policies to protect shrimp welfare

Governments have responded to the growing body of evidence regarding the likelihood that
shrimp can feel pain by implementing legislation to protect shrimp welfare in the following
jurisdictions: Austria, Italy, New Zealand, Norway, Switzerland, and New South Wales (Australia)
(Morton et al. 2020; Albalat et al. 2022). Victoria (Australia) also has draft legislation currently under
consultation that would include protections for decapod crustaceans (Kolovos 2023). In addition, the
UK's Animal Welfare (Sentience) Act 2022 empowers an Animal Sentience Committee to make
recommendations to the government about the treatment of all sentient animals, which explicitly
includes decapod crustaceans. Shrimp welfare legislation is usually part of broader animal welfare
acts, which tend to be focused on animals in captivity and often contain explicit exemptions for
fisheries.

Some shrimp fishers and industry bodies are taking active steps to seek and apply information
that would improve the welfare of shrimp they catch (Albalat et al. 2022). This is exemplified by the
Australian Council of Prawn Fisheries, which has received government and industry funding to
develop a "Responsible (animal welfare) fishing practice for the Australian Wild Prawn industry"
with an expected completion in mid-2024 (Fisheries Research and Development Corporation 2022).
This reflects Australia's history of making large investments in shrimp fishing research and
management, which also provides useful policy insights that can be applied elsewhere (Gillett 2008).

Such developments are supported by technological advances. In particular, methods for
stunning shrimp before slaughter is an active area of academic research (Weineck et al. 2018; Albalat
et al. 2022). Research is underway to develop and validate electrical stunning of commercially
important shrimp species (University of Stirling 2023). The manufacturer Ace Aquatec has developed
an electrical shrimp stunner (Prawn portable A-HSU™) that can be installed on shrimp farms and on
wild-catch shrimp fishing vessels (Ace Aquatec 2023). Technological development is also relevant to
bycatch reduction, as bycatch reduction devices and net modifications can provide a technological
solution to help mitigate bycatch (Gillett 2008). The advance of machine learning and artificial
intelligence may also offer useful tools (discussed further below).

Human rights and wellbeing in shrimp fisheries

Before turning to a discussion of potential animal welfare interventions, we believe it is
important to recognise that the global shrimp fishing industry is closely related to a number of
challenges related to human rights and justice. There is widespread recognition that policies aiming
to improve animal welfare and other areas of sustainability must understand these dimensions of
human wellbeing (Wrenn and Johnson 2013; Rodriguez 2018; Coghlan et al. 2021; Reisman et al. 2022;
Conneely and Coates 2023). Here, we will summarise three key challenges, focusing on shrimp
fisheries in developing countries.

The first is poverty in small-scale shrimp fishing communities. For example, small-scale fishing
in Vietnam has been called "the occupation of the last resort" and an occupation taken up by the
"poorest of the poor" (Tran Thi Phung Ha 2012) (but see (Thorpe et al. 2007)). Shrimp fishers in
Vietnam tend to be poorly educated and have little political representation (Tran Thi Phung Ha 2012).
Fisheries policies in Vietnam have failed to incorporate the economic needs of these communities,
rendering such policies ineffective in achieving many of their goals (Pomeroy et al. 2009; Khan and
Khan 2011; Tran Thi Phung Ha 2012). Another example is Pakistan, where poverty and problems
with the credit market (alongside other social, economic, and environmental problems) have resulted
in "the indebtedness and the more intensive exploitation of fishery resources" (Khan and Khan 2011).
In these contexts, women often experience specific harms and risks (Dunaway and Macabuac 2007;
Khan and Khan 2011). Clearly, fishing communities need to be incorporated into national strategies
that aim to reduce poverty, and any reforms need to be based on a fine-grained understanding of the
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local context (Pomeroy et al. 2009; Khan and Khan 2011; Tran Thi Phung Ha 2012; Suuronen et al.
2020).

The second is conflict due to resource management and fisheries policy, in some cases even
leading to violence. In South-East Asia, demand for shrimp (domestically and overseas) and
diminishing catches have frequently led to the development of more intensive fishing methods (e.g.
trawling) and the expansion of shrimp aquaculture. Intensive trawlers may directly compete with
small-scale fishers for shrimp, while the clearing of mangrove to build shrimp farms can reduce the
abundance of wild shrimp available to fisheries (Dunaway and Macabuac 2007; Gillett 2008; Tran Thi
Phung Ha 2012; Altamiranoa et al. 2015). Small-scale fishers have been killed during collisions with
industrial vessels (Gillett 2008). When large-scale shrimp trawls offload their catch onto local markets,
this can cause prices received by small-scale shrimp fishers to decrease (Gillett 2008). Beyond the
direct harms, these conflicts can sometimes spill over into social tension, property destruction, and
violence (Gillett 2008; James et al. 2023).

The third is the problem of forced labour (modern slavery) (Suuronen et al. 2020). This problem
has been particularly salient in Thai fisheries, including trawlers that catch shrimp and trawlers that
catch fish to feed to farmed shrimp. The problem of forced labour came to the attention of the
international community around 2014, after several high-profile investigations were published in the
press (Szep and Grudgings 2013; Hodal and Kelly 2014). People forced to work on Thai fishing vessels
experience extremely long hours at sea, regular beatings and injuries. These workers can be kept in
chains or even murdered (Hodal and Kelly 2014; Seo 2018). Local police and politicians are often
considered "business partners" by traffickers (Hodal and Kelly 2014; Kadfak et al. 2023). Many people
forced to work aboard Thai fishing vessels are Rohingya men fleeing ethnic cleansing in
neighbouring Myanmar (Sylwester 2014; Ruden 2017). The demand for forced fishing labour is
stimulated by both economic and environmental dynamics. Thailand's economic growth has created
attractive employment opportunities for Thais but also created strong demand for Thailand's
exported shrimp by multinational corporations supplying consumers in wealthy countries (Sylwester
2014; Seo 2018). Additionally, overfishing has driven trawlers further offshore and therefore further
out of reach of authorities (Sylwester 2014; Seo 2018). Thailand has made some reforms, such as the
strengthening of the legislative framework around forced labour (Stringer et al. 2022). However, the
International Labour Organization (2020) concluded that the prevalence of forced labour in
Thailand's fisheries had remained relatively steady, at 14% in 2019 compared with 17% in 2013.

Welfare interventions in shrimp fisheries

Animal welfare policies in wild-catch shrimp fisheries will necessarily focus on one of three
domains. Firstly, it is possible to improve the welfare of shrimp at capture and slaughter. This can be
supported by studies that identify and validate welfare indicators (Albalat et al. 2022; Conneely and
Coates 2023). Secondly, it is possible to reduce the number of shrimp or other animals caught. Thirdly,
it is possible to strengthen government and regulatory capacity and conduct research to create
opportunities for animal welfare reform in the long-term. All three of these domains can be supported
by emerging technologies, including machine learning and artificial intelligence. These domains
notably contrast with opportunities for improving animal welfare in farmed shrimp, which can also
focus on improving welfare conditions during grow-out, breeding, and transport (Albalat et al. 2022).

Improving welfare at capture and slaughter

During the capture of wild shrimp, there are welfare risks at each stage of the process. Each of
these stages provides an opportunity for reducing stress and improving welfare.

Trawling, like other harvest methods, can be very stressful for crustaceans (Albalat et al. 2022;
Conneely and Coates 2023). Trawling can crush carapaces, cause collisions with other animals, and
drive shrimp to exhaustion as they try to escape the net (Gillett 2008; Conneely and Coates 2023). One
solution could be to reduce the duration of trawls (Crustacean Compassion). It is common for shrimp
trawls to have a duration of 3 to 8 hours (Thong Ba Nguyen 2015; Lira et al. 2021). Conducting more
frequent but shorter trawls may minimise the duration for which shrimp experience this stress.
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Handling can cause stress (Albalat et al. 2022), and this is particularly true when handling is
conducted by hauling shrimp in large trawl nets. Trawl nets may contain so many animals that
individual shrimp are crushed by animals above them (Birch et al. 2021; Lewit-Mendes et al. 2022).
One solution could be to reduce trawl weights, in line with the suggestion above (Birch et al. 2021;
Lewit-Mendes et al. 2022). More frequent trawls with smaller weights may reduce the frequency with
which shrimp experience stress and pain from being crushed.

When on board, shrimp may experience oxygen deprivation and/or inappropriate air
temperatures (Birch et al. 2021; Conneely and Coates 2023). Shrimp may become stressed and
eventually die from asphyxiation, which is typically considered inhumane (Lewit-Mendes et al. 2022;
Conneely and Coates 2023). Shrimp may also experience stress if directly exposed to rain (Lavallee
et al. 2000; Saraswathy et al. 2021). Suffering from oxygen deprivation may be minimised by
optimising handling processes and improving on-board logistics where possible to reduce the
amount of time that shrimp spend out of water. Shrimp could plausibly be delivered to recovery
tanks rather than directly onto the deck in situations where this is practicable (Conneely and Coates
2023).

The slaughter or death process is a key period of significant welfare risk. There is limited
information about when shrimp actually die during commercial harvest, and these details may hinge
on the species targeted and the specific practices of a given fleet (Albalat et al. 2022). Shrimp,
particularly individuals from small-bodied species such as Acetes japonicus, may die from stress
during capture and handling before reaching the air. Alternatively, shrimp may die from
asphyxiation when on deck. Shrimp that do not die during these processes may be killed when
washed with, or stored in, iced water, or potentially when cooked in boiling water. In the case of
boiling water, shrimp would experience intense suffering for up to several minutes (though probably
slightly a shorter period for small-bodied shrimp) (Fregin and Bickmeyer 2016). In the case that
shrimp do not die until aboard the vessel, electrical stunning appears to be the most promising
method to prevent suffering at slaughter (Birch et al. 2021; Lewit-Mendes et al. 2022). To be effective,
electrical stunning would need to be implemented properly and consistently, ideally using species-
specific stunning parameters and validating the equipment in commercial settings (Birch et al. 2021;
Albalat et al. 2022). There is at least one electrical shrimp stunner that is commercially available and
can be installed on wild-catch fishing vessels (Ace Aquatec's "Prawn portable A-HSU™") (Ace
Aquatec 2023). Due to investment costs (European Commission 2017), it is more plausible to install
electrical stunners on trawlers targeting high-value shrimp in developed countries than in other
contexts.

There has also been some discussion about the use of ice slurry to slaughter shrimp (Weineck et
al. 2018). However, further research is needed to figure out whether ice slurry actually renders shrimp
insensible or simply paralyses them (Birch et al. 2021; Lewit-Mendes et al. 2022). Moreover, ice
"stunning” would necessitate placing shrimp in complete and sudden contact with consistently ice-
cold water (Albalat et al. 2022), but it is common in commercial settings for shrimp to be stored in a
container with a layer of ice on top —this would not satisfy the criteria for a humane slaughter method
(Lewit-Mendes et al. 2022).

Reducing the number of animals caught

There are a number of technical and policy tools that can be applied to reduce the number of
animals caught in shrimp fisheries.

The most well-developed option involves reducing rates of bycatch, which can reduce the
number of juvenile shrimp, finfish, and other non-target animals captured by shrimp fisheries. Most
commonly, high bycatch rates are reduced by installing bycatch reduction devices (BRD) in trawl
nets (Gillett 2008). Other measures to reduce bycatch include: blanket bans on trawling; bans on
fishing areas where high bycatch is observed; catch quotas; discard bans; and limits on the shrimp-
to-bycatch ratios (Gillett 2008). Even when animals are returned to the water, mortality rates can be
high (Temming et al. 2022). It may be possible to optimise on-board processes to return animals to
the water more quickly, which could both reduce the duration of stress and improve chances of
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survival (Cook et al. 2015). Bycatch reduction is more relevant in large-scale trawl fisheries, especially
in developed countries. Due to economic incentives and low levels of enforcement, policies to reduce
bycatch in small-scale fisheries in developing countries are unlikely to succeed (Gillett 2008;
Suuronen et al. 2020). In fact, in these contexts, "bycatch" is often a valuable part of the catch and used
for human consumption or as feed for farmed livestock and fish (Gillett 2008).

More speculatively, there may be some latitude for reducing the number of Acetes shrimp
captured in small-scale fisheries for shrimp paste production. Depending on the local context,
production methods, and market, shrimp paste production could be modified to reduce the shrimp
content. Similarly, some consumers may choose to reduce their shrimp intake on the basis of animal
welfare (Scherer et al. 2018) or human wellbeing (International Labour Organization 2020).

Regulatory capacity, supply chains, and additional research

Particularly in developing countries with low levels of government capacity, it may be possible
to find ways to improve either regulatory capacity or industry practice. As Gillet (2008) points out,
many developing countries do succeed in establishing and enforcing shrimp fisheries regulations. In
contrast, there are many developing countries that struggle to enforce regulations (see country-by-
country analysis below). The enforcement of existing regulations may reduce the number of shrimp
caught while also potentially mitigating overfishing and improving human wellbeing (Gillett 2008;
Suuronen et al. 2020; Kadfak et al. 2023). Beyond the inherent value of regulatory capacity in helping
to mitigate poverty, environmental degradation, and human rights violations (Tran Thi Phung Ha
2012; Sylwester 2014; Seo 2018; Suuronen et al. 2020; Stringer et al. 2022), developing a strong
regulatory regime may open up further opportunities for targeted shrimp welfare policies in the
coming decades. While regulatory capacity and enforcement obviously requires political will (Cho
2012; Mangar et al. 2023), assistance can come from knowledge sharing, incentives offered by trade
partners or multinational corporations, or technology such as monitoring vessels via satellite tracking
(Gillett 2008; Alonso and Marschke 2023).

Landing technologies and food safety management could be improved to reduce unnecessary
wastage throughout the supply chain. In South-East Asian shrimp fisheries, storing the catch in ice
boxes or bags commonly leads to spoilage (Suuronen et al. 2020). When shrimp is landed, it may be
in a state of decomposition (Pillai et al. 2014). Historically, lax hygiene standards have caused
importing countries to reject or even ban imports of shrimp products (Alam and Pokrant 2009; Geetha
et al. 2020). Pollution in the sea or on the beach can also threaten food safety and product quality
(Pomeroy et al. 2009). These problems can lead to wastage and reduce the prices that fishers and fish
traders obtain for their products. Therefore, improving hygiene practices aboard vessels, during
processing, and in the marine environment could lead to more profitable enterprises for fishers and
traders while also reducing the number of shrimp caught and wasted.

Transnational governance can include industry, corporate social responsibility, and public-
private partnerships around ethical certification standards (Parkes et al. 2010; Main et al. 2014).
Certification schemes are increasingly valued by consumers, businesses, and even governments as a
legitimate governance tool in fisheries and aquaculture (Washington and Ababouch 2011; Main et al.
2014). For example, patterns of voluntary uptake of Marine Stewardship Council (MSC) certification
have grown rapidly. The increase in the number of chain of custody certifications and products sold
with the MSC eco-label can create substantial revenue for governance from logo licensing fees (Foley
2013) and can benefit producers (Yaumidin and Zuas 2021). Some shrimp fisheries are certified by
private certification schemes. The MSC (2023) lists current certifications for: Pandalus borealis caught
by many countries in the North Atlantic and North Pacific; Crangon crangon caught by European
countries in the North Sea; Pandalus species caught on the west coast of the United States;
Xiphopenaeus kroyeri caught by Guyana and Suriname; and Penaeus, Metapenaeus, Fenneropenaeus, and
Haliporoides species caught by the Australian trawler fleet. Through this collaborative framework,
transnational governance may help to propel more ethical harvesting practices, where animal
welfare, accountability, transparency and stewardship are prioritised.
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To date, no private certification schemes have been developed that cover wild-caught shrimp
welfare explicitly. Additionally, schemes that have included various farmed shrimp species within
their remit, such as the Aquaculture Stewardship Council (ASC) or Best Aquaculture Practices (BAP)
focus solely on environmental sustainability and animal health (Aquaculture Stewardship Council
2023a; Best Aquaculture Practices 2023). The concept of “animal welfare” has thus far only been used
by these schemes in the context of health and productivity. This trend is beginning to shift as
certification schemes recognise the demand from NGOs and, to a lesser extent, consumers, to
incorporate actual animal welfare parameters as part of certification scheme standards. Schemes face
a number of challenges in doing this, the largest being lack of welfare research on the majority of
wild-caught or farmed aquatic animal species. Without primary research to support the identification
of best practices for animal welfare, certification schemes may struggle to positively impact animal
welfare . Currently, the farm certification scheme ASC is the only major certification scheme in the
process of adding a required welfare component to their standards (Aquaculture Stewardship
Council 2023b). It is unclear whether its sister organisation, the MSC, will explore similar welfare
additions in their wild-caught standards.

Another benefit of increasing primary research in shrimp welfare is that such research can help
inform the work of organisations seeking to better quantify the suffering of farmed aquatic animals
in order to guide priority areas of impact. For example, there is an ongoing research project that aims
to apply the Cumulative Pain Framework to create "Pain-Track” welfare profiles for farmed
Litopenaeus vannamei shrimp (Alonso and Schuck-Paim 2021; Alonso and Schuck-Paim 2022). The
Cumulative Pain Framework provides one way to quantify the duration and intensity of pain and
suffering experienced by shrimp during various points of the production process, and it can be
applied to both farmed shrimp and wild-caught shrimp (McKay and McAuliffe 2023).

Lastly, there is a clear need for additional basic and applied research on shrimp sentience and
welfare. Additional research would be invaluable in improving our general understanding of shrimp
sentience (Birch et al. 2021) and specific knowledge about the welfare of shrimp due to particular
industry practices (Albalat et al. 2022). This would benefit both scientific knowledge and the
regulatory capacity of governments and certification schemes. Likewise, the scale of the global
shrimp industry is still not fully understood. We estimate the number of shrimp killed in the world's
shrimp fisheries below. However, precision is hindered by bycatch, highgrading, and unreported
catch (Jang et al. 2009; Jacquet et al. 2010; Cho 2012; Pedrozo 2022; Pillai et al. 2022; Temming et al.
2022; James et al. 2023). Understanding how these challenges affect the number of shrimp killed in
fisheries would help refine the priority countries and priority industries for improving shrimp
welfare in fisheries.

Future technologies and shrimp welfare

Future technologies have the potential to greatly change the landscapes of wild catch fisheries,
and therefore affect the lives of many aquatic animals, including shrimps. Using satellite imagery,
radiofrequency and infrared frequency detection, Automatic Identification System (AIS), and on-ship
cameras, lots of data related to ship activities can be gathered (Longépé et al. 2018; May Petry et al.
2020; Fernandes-Salvador et al. 2022; 7K f£i% et al. 2022; Khokher et al. 2022). It is likely that
underwater drones, with machine vision systems installed, can join this list of data collection methods
in the future. Machine learning algorithms can be used to identify, estimate, or predict the behaviours
of the ships, such as whether they are fishing, transshipping, entering ports, disabling the AIS,
dumping catch, or using certain types of gears. This allows much more effective law enforcement to
prevent illegal fishing and dumping, including that of shrimp. China and Indonesia are interested in
using these kinds of technologies to tackle illegal fishing activities (Agence Francaise de
Développement 2017; He and Zhang 2022).

Artificial intelligence (Al), particularly machine vision systems, can be employed to reduce the
number of animals caught and/or killed as bycatch (Fernandes 2022; Poisson et al. 2022). Machine
vision systems can be used to analyse bycatch, including species and numbers of animals, on a
particular ship, which can assist future planning. There are a few research projects seeking to use Al
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to identify whether an animal is a targeted species. This enables two actions that could reduce
bycatch. Firstly, this can help fishers identify whether a particular fishing ground at a particular point
of time mainly consists of target species. Secondly, such systems allow the trawling device to be
designed and programmed in a way that releases the non targeted species. Some of these systems
can detect shrimp species. Such systems in development or deployment include Smartrawl, Game of
Trawls, Scantrol Deep Vision. In the future, it is possible that on-ship cameras and machine vision
systems can be installed on ships and used to monitor the treatment of animals during capture.

Shrimp catch-by-number around the world

When it comes to an industry's impact on animal welfare, catch-by-weight is a less informative
category than catch-by-number (Mood et al. 2023). A small catch of many tiny individuals might
affect more animals than a large catch of many bigger individuals. However, global fisheries catches
are almost always reported as catch-by-weight. This is exemplified by Ireland, which is rarely
considered a major contributor to the world's shrimp fisheries, but arises in the following analysis as
a surprisingly high priority.

Recently, Waldhorn and Autric (2022) estimated mean species weights for each of the world's 92
commercially relevant wild-caught shrimp taxa. This follows the precedent of Mood et al. (2023), who
applied a similar method when estimating the number of fish in aquaculture around the world. By
combining these estimated mean species weights with global catch data, we can estimate the number
of shrimp caught in wild-catch fisheries (Romero Waldhorn and Autric 2022).

Here, we provide estimates of the wild shrimp caught in all of the country's fisheries, down to
the scale of species-country combination. This enables us to identify priority countries for shrimp
welfare policy.

Naturally, there are a few aspects of this analysis that need to be treated with caution. Firstly,
we use FAO catch data. FAO data has some well-known issues. For example, not all countries report
their catch accurately, and landed catch may ignore the mortality of discarded bycatch or juveniles
(Jacquet et al. 2010; Temming et al. 2022). It may be valuable to improve the accuracy of countries'
reported shrimp catches by conducting reconstructions for each shrimp species on a country-by-
country basis (e.g. following the example of the Sea Around Us Project (Pauly and Zeller 2016)).
Nevertheless, the FAO data provides a useful first approximation, enabling us to identify priority
countries for further analysis. Secondly, the estimated mean species weights are reported as ranges,
not point estimates (Romero Waldhorn and Autric 2022). We visualise the ranges in our
corresponding estimates of numbers of individuals, but we also use the midpoint to provide a more
readily interpretable measure of industries' scale. Thirdly, there are some instances in the FAO data
where catch is reported in generic statistical categories, rather than species groups (e.g. "Natantia
nei", "Penaeus spp"). Waldhorn and Autric (2022) provided weight estimates for these statistical
categories, and we note cases where the species composition of those general statistical categories
may be relevant.

For each of the world's top 25 countries by estimated catch-by-number, we summarise the
number of individual shrimp caught per year and provide an approximate breakdown by taxonomic
group. We also provide a short review of the key characteristics of the industry in that country,
including fleet size, socio-economic details, and exports. For exports, we use FAO trade data. We
make no attempt to convert trade data to individuals, as highly variable meat conversion ratios make
this implausible; or to distinguish between wild and farmed shrimp, due to complicated supply
chains. However, the raw weight of exports remains a useful metric to convey the magnitude of
exports and the major destination countries. Detailed species breakdown for catch-by-number for all
countries represented in the FAO data are available in our online repository [link removed for peer
review]. We conducted this analysis in R (Wickham 2016; R Core Team 2020; Becker et al. 2023;
Jannone et al. 2023).
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Table 1. The top 25 countries by estimated number of individual shrimp caught. Each country is
detailed in this article.

oy R ot
China 1,131,828 36.51 % e 42e3'152‘11:7e+ - 66.98 %
Malaysia 106,988 3.45 % " 073;?161‘3;;112& ) 14.9 %
Thailand 47,882 1.54 % “ 3;‘12()9:?; 2 6.14 %
South Korea 33,044 1.07 % (2.79;'??,"; ;ﬁ 2 5.57 %
Philippines 38,794 1.25% 04 4;'?3’6; Aléeﬂ 2 3.32%
Mozambique 14,631 0.47 % o zjfg,e; é;e+ " 0.98 %
Indonesia 151,949 49 % ( 67%1‘85? ;ﬁ " 0.45 %
Netherlands 17,947 0.58 % 2 4e1+'2(1)’e;;;e+ " 0.27 %
Egypt 8,614 0.28 % (4_05e1-¢:8515,624j)1e+1 1) 0.27 %
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Brunei 2,350 0.08 % 03 333269)" ;ge+ 10 0.13 %
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USA 129,141 417 % 02 1e+%‘;';% e+10) 0.05 %
Russia 37,414 1.21% e 87;6996,;'1501e+ 10 0.05 %
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Norway 24,197 0.78 % (1.73+09,2.42e+10) 0.03 %
1.1e+10
0, 0,
Japan 11,621 0.37 % (5.34e+08,2.15¢+10) 0.03 %
o 1.08e+10 o
Denmark 8,225 0.27 % (2.11e+09,1.95¢+10) 0.03 %
o 6.7e+09 o
Ireland 179 0.01 % (91500000,1.33¢+10) 0.02 %
6.7e+09
0, 0,
UK 1,333 0.04 % (1.48e+09,1.19e+10) 0.02 %
. o 6.35e+09 o
Brazil 38,500 1.24 % (3.026+09,9.67e+09) 0.02 %
Mexico 85,580 2.76 % >68e+09 0.02 %

(3.21e+09,8.16e+09)

Key patterns

Globally, we estimate that the wild-catch shrimp fishing industry catches 37 4 trillion individual
shrimp each year (36.3 trillion sergestids, 781 billion carideans, and 287 billion penaeids) (Figure 1).
This number is almost certainly an underestimate, given well-known, widespread challenges with
monitoring, enforcement, and bycatch.

Many more shrimp are caught in East and South-East Asia than any other geographical region
(Figure 3). The world's top five countries by catch-by-number are from East or South-East Asia
(Figure 4). China alone accounts for 67% of the world's shrimp catch, with Malaysia accounting for
an additional 15% (Table 1). Asia's dominance is clearly apparent on a map showing each country's
shrimp catch (Figure 5). Nevertheless, the world's top 25 countries contain many from Europe, Africa,
and the Americas (Table 1).

Some nuanced trends are revealed by considering shrimp clades (taxonomic groups). The vast
majority of wild-caught shrimp are sergestid shrimp, in particular Acetes japonicus (Figure 6) (Romero
Waldhorn and Autric 2022). However, sergestid fisheries are only reported for Asia and Africa. In
contrast, Europe and the Americas are important for caridean and penaeid fisheries (Figures 7-9).
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Figure 3. Estimated number of individual shrimp caught, by geographical region. Error bars show
the confidence range, given the ranges for the estimated mean weight by species as calculated by
Waldhorn and Autric (2022). Note that the axis is logarithmic.
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Figure 4. Estimated number of individual shrimp caught, by country. Error bars show the confidence
range, given the ranges for the estimated mean weight by species as calculated by Waldhorn and
Autric (2022). Note that the axis is logarithmic.
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Figure 6. Estimated number of individual shrimp caught, by clade. Error bars show the confidence
range, given the ranges for the estimated mean weight by species as calculated by Waldhorn and
Autric (2022). Note that the axis is logarithmic.
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Figure 7. Estimated number of individual shrimp caught, by continent and clade. Error bars show the
confidence range, given the ranges for the estimated mean weight by species as calculated by
Waldhorn and Autric (2022). Note that the axis is logarithmic.
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Figure 8. Map visualising the estimated number of individual sergestid shrimp caught, by country.
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Figure 9. Map visualising the estimated number of individual caridean shrimp caught, by country.


https://doi.org/10.20944/preprints202312.1465.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2023 doi:10.20944/preprints202312.1465.v1

19

Wild shrimp caught - penaeid species only
Mote: colour scale uses a logarithmic scale

Individuals_Midpeint_Penaeid

Te+10

lat
i

1es08

Te+(6

] 100 0
lang

Figure 10. Map visualising the estimated number of individual penaeid shrimp caught, by country.

East Asia

East Asia has the highest shrimp catch by number of any world region. The three most important
countries in East Asia, by estimated number of shrimp caught, are China, the Republic of Korea, and
Japan. China in particular accounts for a full two-thirds of the estimated number of individual shrimp
caught worldwide. Each of these three countries has a distinct shrimp fishing industry.

China

In 2020, China caught 1.1 million tonnes of shrimp, equating to 37% of the world catch by weight.
This equates to roughly 25 trillion individuals, equating to 67% of the world catch by number. Almost
all of these individuals were sergestid shrimp (specifically Acetes japonicus), though there were also
sizable catches of penaeids (48% of the world's penaeid catch by number) and carideans (11% of the
world's caridean catch by number). China's marine fisheries can be divided into two categories. The
first category is the "Four Seas" accounting for China's coastline (Bohai Sea, Yellow Sea, East China
Sea, and South China Sea). Bottom trawling is particularly intense in the East and South China Seas.
The second category is distant waters (Zhang and Vincent 2020). Zhang and Vincent (2020) estimate
that there are around 30,000 trawlers in China (total power around 5 million kW) and over 1,000
trawlers operated by China in distant waters (total power around 1 million kW). The mesh size of the
codend is often between 20 - 30 mm, which results in high catches of immature fish and shrimp (Wang
et al. 2022). One estimate placed the discard ratio at around 62% (Wang et al. 2022).

Many of China's vessels, including the distant water fleet, are involved in IUU fishing (Pedrozo
2022). Some cases have been identified that appear to involve large quantities of shrimp from other
countries, such as Ecuador, entering the grey market or informal trade in China without format
documentation (European Parliament 2022). In 2021, China exported a reported 181,000 tonnes of
shrimp and crustacean products. The major importing jurisdictions were Japan (19%), Hong Kong
(11%), the Republic of Korea (9%), USA (9%), Chile (8%), Spain (8%), and Taiwan (7%) (FAO 2023).

Republic of Korea

In 2020, the Republic of Korea caught 33,000 tonnes of shrimp, equating to around 1.1% of the
world catch by weight. This equates to roughly 2 trillion individuals, equating to 5.6% of the world
catch by number. Almost all of these individuals were sergestid shrimp (specifically Acetes japonicus),
with a small minority of penaeid shrimp also. Acetes japonicus is mostly caught in the Yellow Sea,
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with a smaller but sizable contribution from the East China Sea. Coastal beam trawls are most
common in the Yellow Sea, with only a handful operating in the East China Sea or the Sea of Japan
(Yoon et al. 2014). The Republic of Korea also operates a distant water fishing fleet (Tickler et al. 2018).
Overall, the majority of the Republic of Korea's catch is industrial, with an important minority of the
catch coming from small-scale fishers (Shon et al. 2014). On average, between 1990 and 2011, around
453 of the Republic of Korea's 44,000 coastal fishing vessels were beam trawlers (Yoon et al. 2014).

The Republic of Korea has a sizable small-scale fishery, mostly consisting of motorised boats
below a few tons (Taberna 2019). Many small-scale fishers use stow nets or operate in multiple
fisheries, suggesting that small-scale fishers may be important contributors to the shrimp catch
(Taberna 2019). There are some unregulated small-scale otter trawlers (Shon et al. 2014). The rate of
discarded catches has been estimated at around 50% (Park et al. 2007). In 2021, the Republic of Korea
exported 54,500 tonnes of shrimp and crustacean products. The major importing jurisdictions were
Vietnam (52%), Indonesia (24%), and Thailand (12%) (FAO 2023).

Japan

In 2020, Japan caught 11,600 tonnes of shrimp, equating to around 0.375% of the world catch by
weight. This equates to roughly 11 billion individuals, equating to 0.029% of the world catch by
number. However, this estimate should be considered as imprecise, as the shrimp catch reported by
Japan to the FAO are not identified to species level. Shrimp is not considered a major fishery by the
Japanese government (Popescu and Ogushi 2013). Nevertheless, Japan probably catches mostly
caridean shrimp belonging to the genera Pandalus and Crangon (Hayashi and Kim 1999; Maeda and
Nishiuchi 1999; Yamaguchi et al. 2011). For example, Pandalus eous accounts for about a quarter of
Japan's shrimp catch by weight (Yamaguchi et al. 2014). Shrimp fishing in Japan involves beam trawls
and shrimp pots (Maeda and Nishiuchi 1999). About 5% of Japan's shrimp catch by weight comes
from inland fisheries (Popescu and Ogushi 2013). In 2021, Japan exported 1,200 tonnes of shrimp
and crustacean products. The major importing jurisdictions were USA (32%), Vietnam (22%), China
(15%), Indonesia (10%), and Hong Kong (9%) (FAO 2023).

South and South-East Asia

Shrimp fisheries in south-east Asia typically consist of both commercial and small-scale fleets.
Small-scale fishers often target multiple species and use most of what they catch, including small fish
and invertebrates that would be unmarketable in other parts of the world. The shrimp catch in many
south-east Asian countries is dominated by the sergestid Acetes japonicus, landed fresh and used to
make shrimp paste (Bauer 2023). South-east Asia's shrimp fisheries face declining catches due to
overexploitation, land use change, and other environmental challenges. Governments often have
poor capacity to monitor and regulate the fisheries. Technology varies, but it is common for the catch
(or at least the most valuable components) to be stored on-board in bags or boxes with some ice
(Suuronen et al. 2020).

Malaysia

In 2020, Malaysia caught 107,000 tonnes of shrimp, equating to around 3.5% of the world catch
by weight. This equates to roughly 5.6 trillion individuals, equating to 15% of the world catch by
number. Over 99% of the individuals were sergestid shrimp (Acetes species (Stephenie et al. 2021)),
with small contributions from the other two clades (including Penaeus merguiensis (Jagerroos 2016)).
Sergestid shrimp caught in Malaysia are used to make shrimp paste (Jagerroos 2016). The catch is
dominated by the states of Perak and Selangor, on the west coast of Peninsular Malaysia, though
other states on the Peninsula and on Borneo contribute significant amounts (Stephenie et al. 2021).
Shrimp are caught almost entirely by trawl nets and bag nets (Stephenie et al. 2021). Commercial
fishing vessels must operate beyond 5 nm from shore, and commercial vessels greater than 40 gross
register tonnes (GRT) must operate beyond 12 nm from shore (Ahmad et al. 2003). There are many
traditional vessels, averaging 5 GRT (Ahmad et al. 2003). These vessels are permitted to operate


https://doi.org/10.20944/preprints202312.1465.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2023 doi:10.20944/preprints202312.1465.v1

21

within 5 nm of shore and generally target shrimp with trammel nets (Ahmad et al. 2003). There is a
small-scale trawl fishery targeting multiple species (Wong and Yong 2020).

Shrimp catch rates have declined, motivating the development of the offshore fleet (bin Hashim
and Kathamuthu 2005; Wong and Yong 2020). Malaysia experiences IUU fishing due to a lack of
financial resources and regulatory capacity. This IUU fishing is sometimes carried out by foreign
vessels, such as from Thailand (Wong and Yong 2020). Malaysia's small-scale fisheries heavily
depend on migrant workers (Wong and Yong 2020). In 2021, Malaysia exported 51,000 tonnes of
shrimp and crustacean products. The major importing jurisdictions were China (27%), Singapore
(19%), Thailand (16%), Taiwan (10%), and the Republic of Korea (9%) (FAO 2023).

Thailand

In 2020, Thailand caught 48,000 tonnes of shrimp, equating to around 1.6% of the world catch
by weight. This equates to roughly 2.3 trillion individuals, equating to 6% of the world catch by
number. Over 97% of the individuals were sergestid shrimp (unspecified Sergestidae but including
Acetes shrimp (Boonchuwongse and Dechboon 2003)), with small contributions from the other two
clades. The Gulf of Thailand accounts for 70% of Thailand's marine catch, with the remainder in the
Andaman Sea, though only a minority of the catch consists of shrimp (Janekitkosol et al. 2003).
Fisheries are concentrated in the south of the country in both the Gulf and the Andaman Sea
(Janekitkosol et al. 2003). Shrimp trawls are conducted along this southern coast, and shrimp gillnets
are used along the length of the coast (Boonchuwongse and Dechboon 2003). The cod-end mesh size
is often between 12 and 25 mm (Janekitkosol et al. 2003), though the government has expressed
interest in trialling larger mesh sizes (Phoonsawat et al. 2016). Commercial shrimp trawlers use otter
trawls, beam trawls, and paired trawls, with vessels typically being between 10 and 20 metres long
(Boonchuwongse and Dechboon 2003). Small-scale fishers use a variety of gear, including shrimp
gillnets and shrimp trawlers (Boonchuwongse and Dechboon 2003). Small-scale fishers tend to
remain within 5 km of the shore (Janekitkosol et al. 2003). The number of registered vessels has
increased recently, even while total marine production has gradually decreased (Sampantamit et al.
2019).

Thailand has been the subject of a high-profile scandal involving the widespread use of forced
labour and other human rights abuses (see above), with forced labourers accounting for around 14%
of the country's labour aboard fishing vessels (Seo 2018; International Labour Organization 2020;
Suuronen et al. 2020; Stringer et al. 2022). Many vessels are unregistered (Hodal and Kelly 2014). In
2021, Thailand exported 160,000 tonnes of shrimp and crustacean products, which appears to include
the vast majority of the wild shrimp catch (Sylwester 2014). The major importing jurisdictions were
USA (27%), Japan (22%), China (15%), Myanmar (7%), and the Republic of Korea (6%) (FAO 2023).
The USA and the EU (which imports a small volume of Thailand's shrimp and a higher volume of
other seafood products) have exercised their economic influence to encourage the Thai government
to introduce labour reforms (Stringer et al. 2022; Kadfak et al. 2023).

Philippines

In 2020, the Philippines caught 39,000 tonnes of shrimp, equating to around 1.3% of the world
catch by weight. This equates to roughly 1.2 trillion individuals, equating to 3.3% of the world catch
by number. Over 99% of the individuals were sergestid shrimp (unspecified Sergestidae but probably
consisting of Acetes shrimp (Gay et al. 2022)), with small contributions from the other two clades
(including Penaeus monodon and Metapenaeus ensis (Altamiranoa et al. 2015)). The most important
locations for trawlers are Samar Sea, Visayan Sea, San Miguel Bay, Lingayen Gulf, Ragay Gulf,
Carigara Bay, Guimaras Strait and Manila Bay (Ramiscal et al. 2015). The Philippines has a
commercial shrimp trawl sector and a small-scale shrimp sector (Ramiscal et al. 2015). Commercial
trawlers range from 60 to 370 kW and usually exceed 12 metres in length. Commercial fishing trips
can last up to a week, though trips of just a couple of days when close to fishing ports (Ramiscal et
al. 2015). There were 398 registered trawlers in 2007, though many commercial trawlers operate
without being registered or licensed (Ramiscal et al. 2015). Small-scale trawlers average around 7
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kW and are operated by a crew of one or two fishers (Ramiscal et al. 2015). Acetes shrimp are also
caught with filter nets that are manually used by small-scale fishers and involve wading into the
water (Gay et al. 2022). Small-scale fishers typically use containers that can hold between 5 and 60 kg
of raw Acetes shrimp at a time (Gay et al. 2022).

Many of the country's shrimp fisheries have declined in catch and product quality due to
overexploitation and the destruction of mangrove habitat (in many cases to build aquaculture ponds)
(Altamiranoa et al. 2015). The destruction of ecosystems means that many people can no longer
support themselves and their family by fishing, forcing those people to either migrate or switch to a
different form of employment (Dunaway and Macabuac 2007). Some regions are experimenting with
stock enhancement to support the restoration of wild shrimp populations (Altamirano et al. 2016).
There has been some interest in expanding fisheries in the deep sea where there is an abundance of
caridean shrimp (Pandalidae), though this has been limited by the capacity and knowledge of local
fishers (Nepomuceno et al. 2013; Cruz et al. 2014). Many trawl fishing areas have officially closed, but
trawlers have frequently continued to fish in these areas (Ramiscal et al. 2015). In 2021, the Philippines
exported 5,400 tonnes of shrimp and crustacean products. The major importing jurisdictions were
Japan (37%), Hong Kong (15%), USA (14%), the Republic of Korea (9%), and China (8%) (FAO 2023).

Indonesia

In 2020, Indonesia caught 152,000 tonnes of shrimp, equating to around 4.9% of the world catch
by weight. This equates to roughly 167 billion individuals, equating to 0.45% of the world catch by
number. Over 90% of the individuals were caridean shrimp (unspecified Palaemonidae, though
including freshwater species (Gillett 2008)), with small contributions from a variety of penaeid
species (including Metapenaeus monoceros, M. ensis, M. elegans, and Penaeus merguiensis (Gillett 2008)).
There may be an important Acefes industry that is absent from reported data (Ali et al. 2019; Helmi et
al. 2022). Both freshwater and marine species are major contributors to the catch by number. There is
a significant small-scale fishery, though small-scale fishers often target multiple species. The small-
scale fishery is focused on western Indonesia, especially North Java (Gillett 2008).

Indonesia banned trawl fisheries in 1980 in all areas except for the Arafura Sea (Gillett 2008; Af-
idati and Lee 2009). The trawl ban was motivated by competition for shrimp and conflict between
trawlers and small-scale fishers (Muawanah and Kasim 2021). The ban caused around 25,000 fishers
to lose their employment, though there was a short-term reduction in violence and social tension
(Gillett 2008). Large-scale shrimp trawling was, until 2015, focused on the Arafura Sea in the south-
east of Indonesia (Gillett 2008). In 2005, there were a couple of hundred commercial shrimp trawlers
fishing in and adjacent to the Arafura Sea (Gillett 2008). In 2015, trawling was banned nation-wide,
after which trawling in the Arafura Sea has gradually decreased (Endroyono 2015; Muawanah and
Kasim 2021). The number of trawlers landing has declined since the ban was implemented. Some
fishers have switched to other types of fishing gears with lower capacities. Small-scale catches have
been improving (Endroyono 2015). Nevertheless, there are still some "trawl-like" gears in use (Kasim
2019). This ban has not always been enforced successfully, and many fishers simply continue trawling
after changing the terminology of their trawl gear (Gillett 2008). Enforcement in Indonesia's fisheries
is weak. There is a large amount of illegal trawling by Indonesian and foreign vessels (Gillett 2008).
In 2021, Indonesia exported 256,000 tonnes of shrimp and crustacean products. Almost all of this was
imported by USA (71%) and Japan (14%) (FAO 2023).

Vietnam

In 2020, Vietnam caught 153,000 tonnes of shrimp, equating to around 4.9% of the world catch
by weight. This equates to an estimated 15 billion individuals, equating to 0.041% of the world catch
by number. However, Vietnam's shrimp catch is reported to the FAO data (and is therefore listed in
our dataset) as unspecified Natantia, meaning that the estimated number of individuals is imprecise.
Dinh et al. (2010) identify the following penaeid species in Vietnam's fisheries: Haliporoides sibogae,
Metapenaeus affinis, Metapenaeus brevicornis, Metapenaeus tenuipes, Mierspenaeopsis cultrirostris,
Parapenaeopsis gracilima, and Kishinouyepenaeopsis maxillipedo. As in other south-east Asian countries,
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sergestid species like Acetes japonicus are used to produce shrimp paste (Ung et al. 2021; Stefanny and
Pamungkaningtyas 2023). This indicates that Acetes japonicus may constitute much or most of
Vietnam's shrimp catch, though we cannot be sure.

Vietnam's marine fisheries are concentrated near the shore and are predominantly small-scale
(Dinh et al. 2010; Tran Thi Phung Ha 2012). Fishing occurs along the length of Vietham's coast, with
the southern regions being particularly important (Pomeroy et al. 2009). Estuaries in the Mekong
Delta are major shrimp fishing grounds (Dinh et al. 2010; Tran Thi Phung Ha 2012). 82% of Vietnam's
marine catch comes from near-shore vessels (Tran et al. 2020). Fishers use a variety of gears and target
multiple species (Tran Thi Phung Ha 2012). Vietnam's marine fisheries have around 100,000 fishing
vessels and 550,000 full-time fishers (Pomeroy et al. 2009; Tran et al. 2020). Around 70% of Vietnam's
mechanised vessels have an engine power below 70 kW (Tran et al. 2020). Vessels are often wooden,
with ice tanks in which to store the catch (Tran Thi Phung Ha 2012; Thong Ba Nguyen 2015). Shrimp
trawlers may make trips lasting around a week (Thong Ba Nguyen 2015). It is common to use codends
with small mesh sizes, and bycatch reduction devices are not used (Thong Ba Nguyen 2015). Some
fishers use explosives and chemical substances (Pomeroy et al. 2009).

Vietnam's small-scale fisheries are closely linked with poverty in coastal communities (Pomeroy
et al. 2009; Tran Thi Phung Ha 2012). Fishing is considered a "last resort" occupation, and small-scale
fishers are "the poorest of the poor" (Tran Thi Phung Ha 2012). The education levels of small-scale
fishers (and people in coastal communities more broadly) is very low, making it difficult for people
to find better employment (Pomeroy et al. 2009; Tran Thi Phung Ha 2012). Policies often fail to take
into account widespread poverty, and fishers have very little political power (Pomeroy et al. 2009;
Tran Thi Phung Ha 2012). Catches have declined significantly over the past couple of decades due to
intense overexploitation and destruction of habitat (including for conversion into shrimp aquaculture
ponds) (Tran Thi Phung Ha 2012; Armitage and Marschke 2013). One fisher expressed this poignantly
(Tran Thi Phung Ha 2012): "In the evening, there are as many fishing boat lights as stars in the sky.
Fishing brings me strength and health; I can fish for many more decades, but I am afraid that there
will be nothing to catch by then." The export of Viethamese shrimp to the US, Japan, and the EU is a
critical contributor to Vietnam's export earnings, though this export would also involve farmed
shrimp (Tran Thi Phung Ha 2012). Catch hygiene management is often poor, with quality of marine
catches often hindered by pollution (Pomeroy et al. 2009). Government policies to manage Vietnam's
marine fisheries have been generally ineffective (Pomeroy et al. 2009; Tran Thi Phung Ha 2012). The
government has a low capacity to monitor fish catches and stocks, create policies, and enforce
regulation (Pomeroy et al. 2009; Tran Thi Phung Ha 2012; Thong Ba Nguyen 2015). Non-compliance
with fisheries regulations is routine (Tran Thi Phung Ha 2012; Nguyen et al. 2021). We suspect that
the reported catch is an underestimate, as data collection is not always commonplace (Thong Ba
Nguyen 2015).

In 2021, Vietnam exported 411,000 tonnes of shrimp and crustacean products. The major
importing jurisdictions were the USA (27%), Japan (15%), the Republic of Korea (10%), China (8%),
and the UK (6%) (FAO 2023).

Brunei Darussalam

In 2020, Brunei caught 2,350 tonnes of shrimp, equating to around 0.076% of the world catch by
weight. This equates to roughly 47 billion individuals, equating to 0.127% of the world catch by
number. Over 99% of this catch is composed of sergestid shrimp (unspecified Sergestidae), with small
contributions from the other two clades. Brunei's marine fisheries are divided into a commercial
fishery, which operates beyond 3 nm from the shore, and a small-scale fishery, which operates within
3 nm (Cinco et al. 2015). The small-scale fishery catches around 60% of the total marine catch (Cinco
et al. 2015). There are around 20 commercial trawlers (Cinco et al. 2015). Small-scale fishers target
multiple species and travel up to 40 km from the shore, using vessels of 20 to 30 kW. Small-scale
fishers use a variety of gear, including trammel nets, gill nets, and drift nets (Cinco et al. 2015). Shrimp
only constitute a small proportion of the total catch of both the commercial and small-scale fishers
(Ebil 2013; Cinco et al. 2015). There were around 3,000 licensed vessels in 2008 (Gin 2015). In 2021,
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Brunei exported 4,000 tonnes of shrimp and crustacean products. The major importing jurisdictions
were Taiwan (35%), Japan (35%), Singapore (13%), Australia (9%), and China (6%) (FAO 2023).

India

In 2020, India caught 320,102 tonnes of shrimp, equating to around 10% of the world catch by
weight. This equates to roughly 21 billion individuals, equating to 0.056% of the world catch by
number. This catch was entirely composed of penaeid shrimp, with sizable contributions from three
categories: unspecified Natantia, Penaeus monodon, and unspecified Penaeus. India's trawl fisheries are
split about equally between the west and east coasts (Madhu 2018; Dineshbabu et al. 2022). The major
fishing harbours on the west coast are Veraval, Mumbai, Karwar, Mangalore, Calicut, Cochin,
Sakthikulangara, and on the east coast are Chennai and Visakhapatnam (Dineshbabu et al. 2022).
Together, these harbours account for around a third of India's trawl landings, and half of India's
multi-day trawl landings (Dineshbabu et al. 2022). Trawl fisheries account for around half of India's
marine catch (Dineshbabu et al. 2022). There are around 35,000 trawlers across all of India's marine
fisheries (Madhu 2018). Commercial trawlers conduct trips that last up to 13 days (Dineshbabu et al.
2022). Small-scale fishers catch prawns using hand trawls and cast-nets (Dineshbabu et al. 2022).

India struggles with enforcing fisheries regulations. Fishers often use larger boats, higher
capacity engines, and smaller cod-end mesh sizes than are permitted (Divipala et al. 2019; Mangar et
al. 2023). Some areas of the country have been experiencing diminishing shrimp catches (Dineshbabu
et al. 2022). This has driven some Indian trawlers to conduct illegal fishing in Sri Lankan waters,
risking being shot by the Sri Lankan Navy (Mangar et al. 2023). Vessel owners who support India's
ruling political party often accrue benefits like lax enforcement and lower charges (Mangar et al.
2023). When India's shrimp exports are rejected by trade partners (e.g. USA, EU, Japan), the reason is
often due to a failure to comply with microbiological safety standards though these exports involve
farmed shrimp too (Geetha et al. 2020). In 2021, India exported 741,000 tonnes of shrimp and
crustacean products. The major importing jurisdictions were the USA (47%), China (17%), Japan (6%),
and Vietnam (6%) (FAO 2023).

Africa

Africa has two main shrimp-catching countries that are identified by our dataset, though these
countries are quite distinct. Mozambique catches an estimated 1% of the world's sergestid shrimp by
number, while Egypt catches around 13% of the world's caridean shrimp by number. Importantly,
other coastal nations in Africa may have a catch of sergestid shrimp, used to make shrimp paste, that
is not reported to the FAO (Kensley 1971; Omori 1975; Zafar and Alam 1997). It is plausible that some
of these other coastal countries could have a shrimp catch, by number, that is indeed in the world's
top 25 countries.

Mozambique

In 2020, Mozambique caught 14,600 tonnes of shrimp, equating to around 0.472% of the world
catch by weight. This equates to roughly 365 billion individuals, equating to 0.977% of the world
catch by number. Over 99% of this catch was composed of sergestid shrimp (specifically Acetes
erythraeus), with the remainder composed of penaeid shrimp (unspecified Penaeus). However, these
reported catches consist of only a small proportion of Mozambique's true catch (Jacquet et al. 2010).
Most industrial and semi-industrial vessels are based in Beira (Sofala Bank), in the centre of
Mozambique's coastline (Alex Benkenstein 2013; Torres Coll 2013). There were 14 semi-industrial and
50 industrial vessels in 2011 (Torres Coll 2013). Small-scale fishers operate along the entire length of
the coastline (Alex Benkenstein 2013). Small-scale fishers have exclusive use of the waters within 3
nm of the shoreline, and industrial vessels are electronically monitored (A. Benkenstein 2013).

Mozambique's industrial and semi-industrial sectors primarily target shrimp, while the small-
scale sector targets multiple species (A. Benkenstein 2013). The semi-industrial fishery consists of
vessels between 10 and 20 m, and the industrial fishery consists of all vessels exceeding 20 m (A.
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Benkenstein 2013). Industrial vessels have the capacity to freeze the catch on board, while semi-
industrial vessels without this ability cannot remain on the sea overnight (Torres Coll 2013). The
small-scale fishery involves trawling near the beach, Chicocota nets, and mosquito nets (Manhice et
al. 2023). All sectors target the same shrimp species and stocks, but at different life stages (Manhice
et al. 2023). Like in other countries, small-scale fishing in Mozambique is a physically demanding
activity, and fishers express pride in their occupation (Manhice et al. 2023). Due to a lack of
government capacity, Mozambique severely underreports the small-scale catch (Jacquet et al. 2010).
Since the country's small-scale fishery accounts for around 80% of total marine catch, this means that
Mozambique's catch by weight (across all species) may be over six times greater than the reported
catch (Jacquet et al. 2010; Alex Benkenstein 2013). Mozambique's fisheries exports are dominated by
shrimp produced by the semi-industrial and industrial fisheries (Alex Benkenstein 2013).
Mozambique struggles with enforcement (Manhice et al. 2023). In particular, the country experiences
alarge amount of illegal fishing in estuaries. This involves using passive fine-mesh nets, often created
from discarded commercial nets (A. Benkenstein 2013). In 2021, Mozambique exported 4,700 tonnes
of shrimp and crustacean products. Almost all of this was exported by Spain (63%), Portugal (25%),
and China (8%) (FAO 2023).

Egypt

In 2020, Egypt caught 8,600 tonnes of shrimp, equating to around 0.278% of the world catch by
weight. This equates to roughly 100 billion individuals, equating to 0.270% of the world catch by
number. Over 99% of this catch was apparently composed of caridean shrimp, though Egypt does
not report its shrimp catch to FAO at the species level. Egypt is home to both penaeid and caridean
shrimp species (Cumberlidge 2009; Abdulraheem et al. 2021). Considering all aquatic fisheries,
Egypt's catch by weight is highest in its lakes, followed by roughly equal catches in the Mediterranean
and the Red Sea (Mehanna 2022). Trawling along the Mediterranean coast focuses on the central
region between Alexandria and Port Said (Alsayes et al. 2010). This includes artisanal trawling (El-
Bokhty and El-Aiatt 2014). There were 1,098 trawlers in the Egyptian Mediterranean Sea in 2012
(Lucchetti et al. 2016). Trawlers in the Gulf of Suez (Red Sea) target penaeid shrimp, and there were
79 trawlers in 2012. Trawlers in the Gulf of Suez are typically between 20 and 30 metres in length
with engines ranging from 150 to 450 kw. The cod-end mesh size is around 180 mm. There are around
13,000 sailing boats reported in Egypt's lakes and 10,000 wooden boats in the Nile, though these
numbers may be half the true values (Mehanna 2022). In total, Egypt has around 13,600 licensed
fishers, as well as over 20,000 unlicensed fishers who operate entirely in the informal market
(Lucchetti et al. 2016). Egypt's marine and inland catches have severely declined due to exploitation
(Alsayes et al. 2010; Mehanna 2022). The ratio of bycatch-to-shrimp in marine trawlers reaches 15:1
by weight (El-Ganainy and Yassien 2012). In 2021, Egypt exported 1,800 tonnes of shrimp and
crustacean products. The major importing jurisdictions were Tunisia (37%), Italy (28%), USA (17%),
China (10%), and Sweden (4%) (FAO 2023).

Europe

Europe (which we here define to include Russia and Greenland) accounts for nine countries out
of the world's top 25 countries by number of shrimp caught. We categorise Russia in the European
fisheries due to the close management ties with Norway, and we include Greenland as it is politically
part of Europe. These nine countries can be divided into three categories: a fishery targeting Crangon
crangon in the North Sea (Netherlands, Germany, Denmark, and the UK); a fishery targeting Pandalus
borealis in the northern Atlantic and Pacific oceans (Norway, Russia, Greenland, and Denmark); and
the surprising case of Ireland.

Ireland has a very small shrimp catch by weight, where small-scale fishers use set pots to catch
Palaemon serratus. Despite the small catch by weight, the Ireland shrimp fishery accounts for a
surprisingly high number of individual shrimps, illustrating the value of considering catch by
number alongside catch by weight. With the exception of Ireland and a small fishery in Wales,
Europe's main shrimp-fishing countries have negligible small-scale shrimp fisheries. Rather, Europe's
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shrimp fisheries involve large, commercial vessels that usually cook, freeze, and/or package the
shrimp on-board.

All of the countries in the North Sea shrimp fishery follow a single management plan, which
specifies a minimum mesh size of 20 mm (Goti-Aralucea et al. 2021). Therefore, these countries share
very similar fishing practices (Goti-Aralucea et al. 2021). Fishers return large amounts of undersized
or otherwise unmarketable shrimp to the sea (Innes and Pascoe 2008; Dutch Fish Product Board 2009).
The mortality of these shrimp after release may be very high, even reaching 40% (Temming et al.
2022).

Netherlands

In 2020, the Netherlands caught 18,000 tonnes of shrimp, equating to around 0.579% of the world
catch by weight. This equates to roughly 100 billion individuals, equating to 0.270% of the world
catch by number. The catch was entirely composed of the caridean species C. crangon. The
Netherlands is part of the North Sea shrimp fishery. The Netherlands had 60 full-year shrimp fishers
in 2009, as well as 155 fishers who fish for shrimp during only part of the year (Dutch Fish Product
Board 2009). Vessels, which are typically around 20 metres in length, generally carry two trawl nets
and have engine power up to 220 kW (Dutch Fish Product Board 2009; Turenhout et al. 2016;
Verschueren et al. 2019). Shrimp are cooked on-board (Dutch Fish Product Board 2009). The Dutch
shrimp fishery is mostly unregulated (Tulp et al. 2016). The fishery had previously used pulse
(electric) trawlers, though this practice was controversial and recently banned by the EU (Le Manach
et al. 2019; Foo Yun Chee 2021). In 2021, the Netherlands exported 97,000 tonnes of shrimp and
crustacean products. The major importing jurisdictions were Germany (28%), Morocco (21%),
Belgium (13%), France (11%), and Italy (5%) (FAO 2023).

Germany

In 2020, Germany caught 9,000 tonnes of shrimp, equating to around 0.292% of the world catch
by weight. This equates to roughly 50 billion individuals, equating to 0.136% of the world catch by
number. The catch was entirely composed of the caridean species C. crangon. Germany is part of the
North Sea shrimp fishery. Germany has around 200 shrimp trawlers, though the vessels are ageing
and new investment is scarce (Doring et al. 2020; Goti-Aralucea et al. 2021). The bulk of vessels are
between 12 and 14 metres long (Goti-Aralucea et al. 2021). Most vessels are owner-operated (Goti-
Aralucea et al. 2021). In 2021, Germany exported 48,000 tonnes of shrimp and crustacean products.
The major importing jurisdictions were the Netherlands (22%), Denmark (11%), Austria (9%), France
(9%), and Poland (7%) (FAO 2023).

Denmark

In 2020, Denmark caught 8,200 tonnes of shrimp, equating to around 0.265% of the world catch
by weight. This equates to roughly 11 billion individuals, equating to 0.029% of the world catch by
number. The catch was almost entirely composed of the caridean species, with about two-thirds
composed of C. crangon and the remaining third mostly Pandalus borealis. The C. crangon catch comes
from Denmark's participation in the North Sea fishery. In contrast, the Pandalus borealis catch comes
from the Norwegian channel (Eigaard and Munch-Petersen 2010) and more closely resembles the
fisheries for Pandalus borealis by Norway, Russia, and Greenland. Denmark's C. crangon and Pandalus
borealis fisheries are single-species fisheries, separate from each other (Skov et al. 2020). Denmark's C.
crangon fleet had 28 vessels in 2010 (Respondek et al. 2022). Denmark's Pandalus borealis fishery had 9
vessels in 2021, with an average engine power between 300 and 500 kW (Eigaard and Munch-Petersen
2010; Enge 2021). At least one such vessel cooks shrimp on-board and packs them into chilled cartons
(Engo 2021). These vessels use a codend mesh size of 35 mm and experience low bycatch (Eigaard
and Munch-Petersen 2010). In 2021, Denmark exported 127,000 tonnes of shrimp and crustacean
products. The major importing jurisdictions were China (15%), Russia (13%), Sweden (13%), Norway
(9%), and Germany (8%) (FAO 2023).
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United Kingdom

In 2020, the United Kingdom caught 1,300 tonnes of shrimp, equating to around 0.043% of the
world catch by weight. This equates to roughly 6.7 billion individuals, equating to 0.018% of the
world catch by number. The catch was entirely composed of caridean species, with over 98% of the
catch being C. crangon with the remainder from Pandalus borealis and Pandalus serratus. The UK's
catch of C. crangon comes from the North Sea shrimp fishery. The UK had 35 active vessels in the
North Sea shrimp fishery in 2006 (Catchpole et al. 2008). These vessels ranged from 10 to 20 metres
in length, with an engine power between 50 and 230 kW (Catchpole et al. 2008). Crews consist of
around three people (Innes and Pascoe 2008). Shrimp are cooked on deck. In contrast, the UK's small
catch of Pandalus serratus comes from an artisanal, static-gear fishery in Cardigan Bay, Wales
(Emmerson et al. 2017). In 2021, the UK exported 7,500 tonnes of shrimp and crustacean products.
The major importing jurisdictions were the Netherlands (38%), Denmark (32%), Ireland (8%), France
(4%), and Germany (3%) (FAO 2023).

Norway

In 2020, Norway caught 24,200 tonnes of shrimp, equating to around 0.781% of the world catch
by weight. This equates to roughly 13 billion individuals, equating to 0.035% of the world catch by
number. The catch was almost entirely composed of the caridean species Pandalus borealis, with a tiny
contribution from C. crangon. Norway's shrimp fisheries fish from three stocks. In 2004, the offshore
stock had 90 licences; the coastal south stock, 174; and the coastal north stock, 78 (Gillett 2008). The
vast majority of shrimp catch by weight came from the offshore stock (Gillett 2008). The number of
vessels fishing the offshore stock declined around 2010, but has since returned to the mid-2000s
number (Hvingel and Zimmermann 2023). The coastal stocks are fished by small wooden or steel
trawlers between 10 and 20 metres in length, while the offshore stock is fished by large steel trawlers
up to 70 metres in length and with an average power of around 3,700 kW (Gillett 2008; Hvingel and
Zimmermann 2023). Vessels use single or twin trawls (Gillett 2008). Around half of the offshore
vessels also operate in finfish fisheries (Gillett 2008). Offshore vessels freeze their catch on-board,
while coastal vessels land the catch fresh (Gillett 2008). In 2021, Norway exported 49,000 tonnes of
shrimp and crustacean products. Almost all of this was imported by Uruguay (87%) and Iceland (6%)
(FAO 2023).

Russia

In 2020, Russia caught 37,400 tonnes of shrimp, equating to around 1.2% of the world catch by
weight. This equates to roughly 19 billion individuals, equating to 0.051% of the world catch by
number. The catch was almost entirely composed of caridean species, with over 99% of the catch
composed of Pandalus borealis, Pandalus goniurus, and Pandalus hypsinotus. Major shrimp fishing areas
in Russian waters include the Barents Sea and the northern coasts of the Okhotsk Sea and the Japan
Sea (Mikhailova 2012; Sokolov et al. 2020). Commercial vessels are often 50 metres long and exceed
1,000 kW in power (Mikhailova 2012). The minimum mesh size is 35 mm (Hvingel and Zimmermann
2023). Russia has a long history of cooperating closely with Norway in the management and scientific
monitoring of their shared fisheries (Hammer and Hoel 2012; Gornova 2016). Russia's shrimp fishery
in the Barents Sea is exploited at a relatively low level (Gornova 2016). When excessive bycatch of
shrimp is detected, the corresponding fishing area is closed temporarily (Hvingel and Zimmermann
2023). In 2021, Russia exported 18,000 tonnes of shrimp and crustacean products. The identity of the
importing countries was not reported (FAO 2023).

Greenland

In 2020, Greenland caught 111,000 tonnes of shrimp, equating to around 3.6% of the world catch
by weight. This equates to roughly 59 billion individuals, equating to 0.159% of the world catch by
number. The catch was almost entirely composed of the caridean species Pandalus borealis.
Greenland's shrimp fishery is divided into a coastal fleet, which has exclusive access to shrimp within
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3 nm from the coast, and an offshore fleet (Mann 2018). The coastal fleet has around 20 vessels, most
of which are smaller than 75 GRT (Mann 2018). The offshore fleet has around eight vessels (Mann
2018). Vessels use otter trawls with a minimum mesh size of 40 mm (Mann 2018). It is not permitted
to discard small shrimp, though small finfish are often discarded (Mann 2018). The offshore fleet is
permitted to process up to 75% of its catch at sea. The majority of the processed catch is cooked,
though several thousand tonnes is processed as the raw "Japan" or "Italian" shrimp products
(Vestergaard et al. 2011; Mann 2018). The remaining 25% of the catch must be landed unprocessed at
one of four processing plants on the west coast, a regulation aimed to support the labour market
(Vestergaard et al. 2011; Mann 2018). The coastal fleet lands its catch unprocessed (Mann 2018). In
2021, Greeland exported 73,000 tonnes of shrimp and crustacean products. The identity of the
importing countries was not reported for most of this export (FAO 2023).

Ireland

In 2020, Ireland caught 179 tonnes of shrimp, equating to around 0.006% of the world catch by
weight. This equates to roughly 6.7 billion individuals, equating to 0.018% of the world catch by
number. The catch was entirely composed of caridean species, with over 95% of the catch being the
Palaemonidae species Palaemon serratus (Fahy and Gleeson 1996; Tully 2017). The catch of Palaemon
serratus comes from a small-scale in-shore fishery in the southwest of Ireland (Fahy and Gleeson
1996). These shrimp are caught using baited pots (Tully 2017). The catch by weight is only around
200 tonnes per year (Fahy and Gleeson 1996). Despite this small weight, this catch consists of a
surprisingly high number of individual shrimp. The number estimated in our dataset may be an
overestimate. The reason is that in the FAO catch data, this species is recorded as unspecified
Palaemonidae; that statistical group was assigned an estimated mean weight between 0.01 and 4
grams by Waldhorn and Autric (2022). The average weight of Palaemon serratus specifically is closer
to, or slightly above, the upper end of that range (Fahy and Gleeson 1996). Even so, the true number
of shrimp caught annually in Ireland would be around 3.5 billion individuals. Unusually for Europe,
this shrimp fishery is small-scale. There are several hundred vessels, generally below 8 metres in
length (Tully 2017). Together, these vessels set over 50,000 pots each year. The bulk of the fishing
occurs on the west coast (Tully 2017). In 2021, Ireland exported 1,500 tonnes of shrimp and crustacean
products. The major importing jurisdictions were Italy (50%), France (18%), Spain (15%), and the UK
(12%) (FAO 2023).

Americas

The Americas have a diverse shrimp catch, ranging from cold-water caridean fisheries in the far
north to warm-water penaeid fisheries further south. Canada has the highest number of estimated
individuals out of the American countries, and these individuals come from Canada's cold-water
Pandalus borealis fishery. Likewise, the USA has a cold-water fleet targeting Pandalus species in the
north. But the USA also has a southern fleet that targets penaeid shrimp, which is more typical of the
Latin American countries. Mexico and Brazil operate penaeid trawlers. These are sequential fisheries
that involve both artisanal and industrial fleets. In contrast, Argentina is much more focused on the
industrial catch of Pleoticus muelleri, though there is still a small artisanal fleet.

Canada

In 2020, Canada caught 68,600 tonnes of shrimp, equating to around 2.2% of the world catch by
weight. This equates to roughly 36 billion individuals, equating to 0.095% of the world catch by
number. Almost all of the catch was composed of caridean species (Pandalus borealis and unspecified
Pandalus species). The fishery is concentrated off Canada's east coast and is divided into an offshore
and inshore fleet (Araya-Schmidt 2022). The offshore fleet consists of around 10 vessels, which range
between 50 and 75 metres in overall length and operate from Newfoundland and Nova Scotia (Foley
2012; Araya-Schmidt 2022). Trips on these vessels can last up to 75 days, and shrimp are cooked,
frozen and packaged on-board (Araya-Schmidt 2022). Vessel operators prefer to use twin trawling,
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but vessels can switch to single trawling if environmental conditions are poor (Araya-Schmidt 2022).
The minimum mesh size is 40 mm. The inshore fleet consists of over 300 vessels. These vessels range
from 14 to 20 metres in length and target shrimp as well as other species. Provincial legislation
requires inshore vessels to land their catch before it is cooked, similar to the situation in Greenland
(Foley 2012).

United States of America

In 2020, the United States of America caught 129,000 tonnes of shrimp, equating to around 4.2%
of the world catch by weight. This equates to roughly 20 billion individuals, equating to 0.053% of
the world catch by number. The majority of the catch was composed of caridean species (Pandalus
jordani and other Pandalus species), with a sizable minority composed of penaeid species (mainly
Penaeus setiferus, Penaeus aztecus, and Penaeus duorarum). This corresponds to a division between the
fishery for cold-water shrimp in the country's northeast and northwest and the fishery for warm-
water shrimp off the southeast Atlantic coast and in the Gulf of Mexico (Gillett 2008). The cold-water
fishery is concentrated in the Pacific states of Oregon and Washington, with only a small catch by
weight in the Atlantic waters. The state with the highest catch, Oregon, has averaged only 64 vessels
since the year 2000 (Hannah et al. 2018). The cold-water fishery mostly uses otter trawls, though there
are some beam trawls and traps in Alaska. The warm-water fishery mainly uses otter trawls (Gillett
2008). There are over 20,000 shrimp vessels in the USA's waters of the Gulf of Mexico and southeast
Atlantic (Gillett 2008; Purcell et al. 2017). This fishery consists of both small, inshore vessels and
larger, offshore vessels (Gillett 2008). Discard rates range between 60 and 80% by weight (Gillett
2008). Commercial fishing is one of the most dangerous occupations in the USA, and the Gulf of
Mexico shrimp fishery has a rate of fatalities (from vessel disasters, falls overboard, and on-board
injuries) higher even than the average for US commercial fisheries (Lincoln and Lucas 2010). In 2021,
the USA exported 16,000 tonnes of shrimp and crustacean products. The major importing
jurisdictions were Denmark (20%), the Netherlands (19%), India (12%), Mexico (10%), and Canada
(8%) (FAO 2023).

Mexico

In 2020, Mexico caught 85,600 tonnes of shrimp, equating to around 2.8% of the world catch by
weight. This equates to roughly 5.7 billion individuals, equating to 0.015% of the world catch by
number. Almost all of the catch was composed of a variety of penaeid species from the Penaeus genus,
with a small contribution from caridean species (unspecified Macrobrachium). The penaeid catch can
be distinguished into three broad species assemblages, each from a distinct geographical location. On
the country's northern Pacific coast, the catch is dominated by Penaeus californiensis and Penaeus
stylirostris. On the southern Pacific coast, the catch is dominated by Penaeus vannamei. On the Gulf of
Mexico, the catch is dominated by Penaeus aztecus, Xiphopenaeus kroyeri, and Penaeus setiferus (Avilés-
Polanco et al. 2023). Around 70% of the catch by weight comes from Mexico's Pacific coast, with the
remainder from the Gulf of Mexico (Avilés-Polanco et al. 2023).

The fleet is sequential. Small-scale vessels use cast nets to target juvenile shrimp in estuaries and
bays, while the industrial marine trawlers focus on adult shrimp (Avilés-Polanco et al. 2023). The
small-scale fleet has around 90,000 vessels, and the industrial fleet around 1,400 (Avilés-Polanco et
al. 2023). Industrial vessels range between 18 and 25 metres in length and 180 to 460 kW in power
(Dubay et al. 2010). Industrial vessels make trips that last up to 28 days, and the shrimp is processed
and frozen on board (Dubay et al. 2010). In 2021, Mexico exported 24,000 tonnes of shrimp and
crustacean products. Almost all of this was imported by the USA (84%), Japan (7%), and China (6%)
(FAO 2023).

Brazil

In 2020, Brazil caught 38,500 tonnes of shrimp, equating to around 1.2% of the world catch by
weight. This equates to roughly 6.4 billion individuals, equating to 0.017% of the world catch by
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number. Almost all of the catch was composed of a variety of penaeid species (Xiphopenaeus kroyeri,
Artemesia longinaris, and Penaeus species) with a small contribution from caridean species (unspecified
Macrobrachium). Like in Mexico, the shrimp fishery in Brazil is divided into an artisanal inshore fleet
and an off-shore industrial fleet. The inshore fleet uses cast nets and trawl nets to catch shrimp in
estuaries and other in-shore locations, while the off-shore fleet focuses on marine trawls (Musiello-
Fernandes et al. 2017; Camargo 2020). The inshore and off-shore fleets each account for a roughly
equal share of marine catch by weight, across all invertebrate and finfish species (Vasconcellos et al.
2011). The most important region for shrimp fishing is the south-east, and 60% of the prawn catch is
landed at Santos or Guarujd (Simoes et al. 2017). Fishing further north is mostly small-scale
(Vasconcellos et al. 2011).

Industrial vessels are often over 15 metres long, with engine power ranging from 70 to 300 kW,
and make trips that can last several weeks (Ricardo-Pezzuto and Mastella-Beninca 2015; Camargo
2020). Some vessels are equipped with freezers, but many store the shrimp on crushed ice (Ricardo-
Pezzuto and Mastella-Beninca 2015). Industrial vessels appear to number in the vicinity of one
thousand (Ricardo-Pezzuto and Mastella-Beninca 2015; Port et al. 2016). Artisanal vessels are often
wooden and around 10 metres long with engines and two or three crew members (Vasconcellos et al.
2011). Artisanal fishing often involves family or community labour in catching, processing, and
selling the shrimp (Vasconcellos et al. 2011; Lopes and Begossi 2011). There is no precise data, though
the number of artisanal shrimp vessels probably numbers in the thousands or more (which would be
consistent with Mexico). Fishers sort the catch and return low-value animals to the water, but these
animals are often dead before or shortly after being returned to the sea (Camargo 2020). In 2021, Brazil
exported 590 tonnes of shrimp and crustacean products. The major importing jurisdictions were
Japan (37%), the United Arab Emirates (19%), Malaysia (14%), USA (13%), and Vietnam (8%) (FAO
2023).

Argentina

In 2020, Argentina caught 184,000 tonnes of shrimp, equating to around 5.9% of the world catch
by weight. This equates to roughly 26 billion individuals, equating to 0.071% of the world catch by
number. The catch was entirely composed of penaeid species, with over 99% coming from Pleoticus
muelleri. Most of Argentina's shrimp catch comes from the south coast, in Patagonia (De la Garza et
al. 2017; Cervellini and Pierini 2021). A small amount of catch comes from artisanal vessels along the
north coast, in Buenos Aires Province (Elias et al. 2011; Cervellini and Pierini 2021). There were
around 140 vessels in Patagonia's industrial shrimp fleet in 2011 (Glembocki et al. 2015). On the larger
end of this range are around 80 large industrial vessels equipped with on-board freezers, and these
vessels account for over three-quarters of Argentina's shrimp catch by volume (Géngora and
Gonzalez-Zevallos 2012; De la Garza et al. 2017). These large vessels make trips lasting up to 40 days
and have an average engine power around 700 kW (Gonzalez-Zevallos et al. 2011). Smaller shrimp
and bycatch species are discarded into the sea (Gonzalez-Zevallos et al. 2011). The remaining 60 or
so industrial vessels are smaller, ranging between 11 and 31 metres in length (Glembocki et al. 2015).
These smaller industrial vessels land the catch unprocessed (Glembocki et al. 2015). In 2021,
Argentina exported 166,000 tonnes of shrimp and crustacean products. The major importing
jurisdictions were Spain (38%), Italy (15%), China (8%), Japan (6%), and Peru (6%) (FAO 2023).

Future directions for ethics and policy

In this report, we have examined the global shrimp fishing industry in terms of common
practices and the number of individual shrimp caught. What does this analysis mean for the ethics
and policy of humanity's food systems?

There is widespread agreement, both among the general public in many countries and cultures,
and among philosophers and others writing on ethics, that we should seek to avoid inflicting pain on
animals, and that if we cannot completely avoid it, we should seek to reduce it. That view is shared
by utilitarians, such as Peter Singer (1975; 2023); advocates of animal rights like Tom Regan (1983); of
social contract ethics like Mark Rowlands (1998); of feminist philosophy like Carol Adams (1990),
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Alice Crary and Lori Gruen (Gruen 2011; Crary and Gruen 2022); Kantians like Christine Korsgaard
(2018); those working within the capabilities approach like Martha Nussbaum (2022); Christian
ethicists such as Andrew Linzey (1987) and Charles Camosy (2013); and Buddhists like Shih Chao-
hwei (Singer and Shih Chao-hwei 2023). Many of these thinkers, and the authors of this report, hold
the principle of equal consideration of similar interests, irrespective of the race, sex, or species of the
being whose interests are affected (Singer 1975; Singer 2023). In accordance with that fundamental
ethical principle, pain of similar intensity and duration should be treated as equally significant, and
equally to be avoided, whether it is experienced by a human being or a nonhuman animal. In
applying this principle, whether among humans only, or between humans and nonhuman animals,
we will often be uncertain about whether pains or pleasures experienced by different individuals are
of similar intensity and duration. This uncertainty is obviously even greater when we are considering
beings as different from us as shrimp (Diggles et al. 2023).

When considering the shrimp industry, it needs to be acknowledged that, while it is probable
that at least some groups of shrimp (particularly the carideans) are sentient, there is less research
about other groups (Birch et al. 2021; Comstock 2022a; Comstock 2022b). Hence there is considerable
uncertainty about how many of the shrimp killed for human consumption are sentient, and of course
we do not know what the intensity of their pain might be. When we are uncertain about the outcomes
of the various policies or actions open to us, we can choose the option or policy that has the highest
expected value — that is, we consider the value achieved by each option, discounted by the odds
against our achieving it. On the other hand, the scale on which pain occurs obviously matters. If pain
is bad, then a similar amount of pain experienced by 100 people is, other things being equal, 100 times
worse than pain experienced by one person.

When we apply these considerations to the shrimp industry, the fact that the wild-caught fishing
industry kills 37.4 trillion individual shrimp by our underestimate (36.3 trillion sergestids, 781 billion
carideans, and 287 billion penaeids; Figure 1) means that policies to reduce the suffering of shrimp
are justified and ethically important. This is true even if the probability of all of these individuals
being capable of feeling pain is low (arbitrarily, perhaps 1%) and if we arbitrarily assume that, should
they be capable of feeling pain, severe pain experienced by a shrimp is only one-hundredth as bad
for them as severe pain is for a human. We obtain that ethical assessment of shrimp welfare policies
because 1% of 37.4 trillion is 374 billion, and dividing that future again by 100 gives us 3.74 billion.
In other words, the pain experienced by shrimp in being killed for human consumption is equivalent,
in its significance, to 3.74 billion humans — almost half the world’s human population - experiencing
severe pain.

The air of exactitude given by this figure is, of course, misleading, because it is based on arbitrary
assumptions about the probability that all shrimp are sentient, and, if they are sentient, on what their
conscious experiences are like. It would be easy to argue that the assumptions we have made are
orders of magnitude too high or too low. Even if we were to say that there is only a 0.1% probability
that all shrimp are sentient, and that the most severe pain they can experience is only one-thousandth
as bad as severe pain for a human, the expected value of eliminating that suffering is still equivalent,
in expected value, to eliminating the severe suffering of 37.4 million humans — more than the human
population of Australia, New Zealand and Ireland, combined. We should also remember that this is
an annual figure — the same amount of suffering is experienced every year. We could also obtain a
more nuanced estimate if we varied the probability of sentience according to the different orders of
shrimp killed, and then included in our calculation the number of individuals killed in each of those
orders, but we will not further complicate the picture here.

Conclusion

Scientific and technological advances and societal awareness can place society in the best
position to improve the key dimension of a sustainable food production that is animal welfare
(Coghlan et al. 2021). In this report, we have provided a review of shrimp fisheries around the world,
and we have identified key research and policy priorities.
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These priorities are centred on the world's top 25 countries by number of shrimp caught.
Together, these countries range a considerable spectrum in geography and socio-economic
conditions. On the other end of the spectrum, we observe concentrated, technologically sophisticated
fisheries in comparatively wealthy countries. Prime examples are the North Sea fishery for Crangon
crangon (the Netherlands, Germany, Denmark, the UK); the North Atlantic and Pacific caridean
fisheries (Russia, Greenland, Canada, and the USA); and the penaeid fisheries in the Americas
(especially USA and Argentina).

On the other end of the spectrum, there are small-scale fisheries in developing countries. These
fisheries tend to target penaeid and sergestid species, but are often content to take many different
invertebrate and finfish species in practice. These include the fisheries in Malaysia, Thailand, the
Philippines, Indonesia, Brunei Darussalam, India, and Mozambique.

Many fisheries are situated along this spectrum, such as the sequential fisheries in Mexico and
Brazil that involve substantial participation from both industrial and small-scale fishers. Ireland is a
developed country that nevertheless has an entirely small-scale, in-shore shrimp fishery. China and
the Republic of Korea are also complex examples, having significant levels of industrial trawling
alongside artisanal fishing communities.

Drawing upon this spectrum of technological and socio-economic conditions, we make the
following recommendations for emerging policy and future research that aims to advance wild-
caught shrimp welfare:

e Inlarge-scale trawl fisheries, particularly from developed countries, animal welfare can be
improved by installing electrical stunning equipment; continuing existing work on bycatch
reduction; and optimising on-board processes to reduce the stress endured by shrimp during
capture and slaughter (Gillett 2008; Birch et al. 2021; Albalat et al. 2022; Conneely and Coates
2023).

e  In small-scale fisheries, particularly in developing countries, improving government and
regulatory capacity may open up opportunities for more specific shrimp welfare policies in the
coming decades. This is beyond the benefits that well-supported regulatory regimes can have
for mitigating poverty, addressing overfishing, resolving human rights violations, and
reducing the number of shrimp caught (Tran Thi Phung Ha 2012; Sylwester 2014; Seo 2018;
Suuronen et al. 2020; Stringer et al. 2022). Industries in developing countries can also be
supported by improving landing technology and hygiene practices throughout the supply
chain—this can help fishers to obtain higher prices and reduce the number of shrimp caught
and wasted (Alam and Pokrant 2009; Geetha et al. 2020).

e Additional research can help to improve our general understanding of shrimp sentience (Birch
et al. 2021); develop greater specific knowledge about the welfare of shrimp due to particular
industry practices (Albalat et al. 2022); and refine our estimates of shrimp killed due to
bycatch, highgrading, and unreported catch (Jang et al. 2009; Jacquet et al. 2010; Cho 2012;
Pedrozo 2022; Pillai et al. 2022; Temming et al. 2022; James et al. 2023).

To meet contemporary challenges facing global shrimp fisheries, including impacts on animal
welfare and human beings, optimism emerges as a potent force when alliances are formed between
governments, multinational retailers, industry players, consumers, and scientists. Optimism is key to
binding these diverse stakeholders because it encourages a shared belief in the possibility of positive
change (McAfee et al. 2019). Governments can set the stage for ethical practices through policy
initiatives and international cooperation, while multinational retailers and industries play a central
role in influencing supply chains and fishery standards. Simultaneously, consumers can be
empowered with knowledge and a sense of responsibility to create a demand for ethically sourced
products (Cummins 2004). Using this interconnectedness, we anticipate innovative solutions that
enhance the well-being of animals in the food production system, particularly advancement in stress
reduction. These technological advancements with societal awareness are driven by the power of
collective action that is centred on the use of optimism for positive change.
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