
The Livestock Breeding/Genetics sector focuses on breeding material (e.g., live 
animals, semen, embryos) and reproductive technologies for industrial produc-
tion. The dominant species include chickens, turkeys, pigs, cattle, and high-value 
farmed fish and seafood (salmon, tilapia, trout and shrimp). The industry typically 
selects for genetic traits to maximize production (i.e., rapid growth and high yields) 
and to facilitate production, processing and transport of uniform animal protein 
products on a massive scale. Industrial breeds can’t survive without high-protein 
feeds, expensive medications and climate-controlled housing.

Leading Livestock Genetics Companies, 2020
Company/ 
Headquarters

Ownership and 2020 Sales, 
US$ million, where available Species Activity / Subsidiaries

CP Group (Thailand)
Charoen Pokphand 
Group Co., Ltd. is the 
major shareholder of 
Charoen Pokphand 
Foods (CP Foods)

The Chearavanont family, owners 
of CP Group, rank among the rich-
est families in the world. CP Foods 
reported sales of 18,867 in 2020.1

One of the world’s biggest industrial ag firms, including 
breeding, production and processing of poultry, pigs 
and shrimp. Operates in China, Vietnam, Taiwan, India, 
Turkey, Russia, Cambodia, Philippines, Laos and Poland. 

Tyson Foods (USA)

Publicly-traded; 43,185 (all seg-
ments); Tyson doesn’t report its 
genetics revenue separately; total 
chicken segment revenue 13,2342

Giant, vertically-integrated meat grower & packer. 
Cobb-Vantress subsidiary is leading breeder of chick-
en broilers; production capacity 47 million chickens per 
week (2021).3

Mowi (Norway) Publicly-traded; 4,2884

World’s largest producer of Atlantic salmon (estimated 
20% global market share). Mowi claims “full internal 
control of our own genetics.”5 Presence in 25 coun-
tries,12,000 employees. 

EW Group GmbH 
(Germany)

Private, family-owned holding 
group with 277 companies. EW 
Group generates an estimated 
3,250 in annual sales (all compa-
nies).6 

World’s largest poultry breeding and genetics firm.  
Broilers/turkeys: Aviagen and its subsidiary, Hubbard.  
Layers: Hy-Line International; acquired Novogen 
from Groupe Grimaud, 12/2021.
Leader in aquaculture genetics, especially salmon, trout, 
tilapia.
AquaGen, farmed salmon and trout breeding. 
Largest tilapia breeder: GenoMar Genetics, Aqua-
bel, AquaAmerica, AquaPorto, Vaxxinova. 

Livestock
genetics



| 2 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

Genus, plc (UK) Publicly-traded, 7087 
Swine and cattle genetics; acquired 39% stake in Xe-
lect, aquaculture genetics company; acquired Sergal 
(boar genetics).

Groupe Grimaud 
(France) Private

Specialty poultry, rabbit breeds. Choice (swine division) 
present in 37 countries. Blue Genetics (shrimp genetic 
selection).

Hendrix Genetics 
(Netherlands)

Private; 50% owned by private 
equity firm Paine Schwartz, with 
investment from Mitsui & Co. 
(Japan) 

Turkeys, layers, traditional poultry, swine, salmon, trout 
and shrimp. Brands include: Hybrid, ISA, Dekalb, 
Bovans, Shaver, Babcock, Hisex, SASSO, Hypor, 
Kona Bay, Troutlodge and Landcatch. More than 
3,500 employees; operations in more than 25 coun-
tries. 

Source: ETC Group, from company reporting and industry news

Trends: chew on this
ETC finds:
• Ever increasing concentration in livestock genetics; multi-species 

breeders and private equity firms flock to aquaculture and fish genetics.
• China’s supersized stake in livestock production/consumption/

genetics. 
• Widespread applications of digital technologies; genomics and 

gene editing research.

Despite the explosive growth in animal protein consumption worldwide and 
the massive contribution of industrial livestock to greenhouse gas emissions, 
very few are monitoring the degree to which a handful of transnational firms 
supply the breeding stock and reproductive technologies for an ever-increas-
ing share of the world’s industrial meat, milk, eggs and farmed fish/seafood. 

Smaller and less visible than any other sector of the industrial food chain, the 
global market for livestock genetics will reach an estimated US$8.9 billion by 
2024.8 However, market intelligence on this sector is notoriously unreliable 
because many of the biggest players are privately held, highly secretive and rely 
on proprietary genetics. The threat of virulent diseases (e.g., highly pathogenic 
avian influenza, African swine fever) also requires stringent biosecurity mea-
sures that further shroud the livestock genetics industry in secrecy. 

Globally, the widespread adoption of industrial livestock genetics is the pri-
mary driver of the loss of farm animal genetic diversity. With the introduc-
tion of industrial breeding stock, native animals are subject to rapid replace-
ment or genetic dilution.

Although the value of the livestock genetics sector is relatively tiny (less than 
one-fifth the size of the global seed industry, for example), its proprietary genetic 
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stock underpins a massive animal protein industry that has far-reaching impacts 
on greenhouse gas emissions and the environment (including water and soil 
pollution and the import of feed from countries with high levels of deforesta-
tion), livestock diversity, animal welfare and more. In this report we focus on 
three sub-sectors of industrial livestock genetics: poultry, swine and aquaculture.

INDUSTRIAL POULTRY BREEDERS
With an estimated market value of US$311 billion in 2020, poultry is the 
world’s most popular animal protein, and consumption is growing at a faster 
rate than any other animal protein sector.9 Analysts predict that the poultry 
meat market will hit US$422 billion by 2025.10 Globally, poultry is expected to 
account for 41% of all the protein from meat sources by 2030.11 

Poultry: Who Rules the Roost? 

Commercial Poultry Genetics – Leading Companies by Sector, 2020
Broilers Layers Turkeys

EW Group (Germany)
Hendrix Genetics (Neth-
erlands)
Tyson Foods (USA)
 

EW Group (Germany)
Hendrix Genetics (Neth-
erlands)
Novogen (France) – 
acquired by EW Group in 
2021

EW Group (Germany)
Hendrix Genetics (Neth-
erlands)
 

Source: ETC Group

Globally, just three companies control commercial poultry genetics, 
making it the most concentrated sector in the industrial food chain.

EW Group and Hendrix Genetics are both family-owned dynasties that 
focus on multi-species livestock genetics. (As of November 2021, Hendrix 
Genetics is 50% owned by private equity firm Paine Schwartz Partners.12) 
Tyson Foods (US$43 billion sales, 202013) is the world’s 5th largest food & 
beverage firm, and its wholly-owned subsidiary, Cobb-Vantress, is one of 
the world’s three largest chicken meat (broilers) breeders.

Layers (chickens raised for eggs)
Two privately-held companies dominate worldwide:
(1) EW Group’s Hy-Line Genetics; 2) Hendrix Genetics. The third multina-
tional breeder of layer genetics, Novogen (formerly owned by France-based 
Groupe Grimaud), was acquired by EW Group in December 2021.14 
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China, the world’s largest egg market, accounts for more than 40% of world 
egg production. In 2009, China’s small farmers, not factory farms, produced 
over 75% of China’s eggs.15 Today, China’s layers are rapidly industrializing. 
The vast majority of China’s breeding stock for industrial laying hens comes 
from EW Group and Hendrix. In 2019, EW Group’s Hy-Line Genetics esti-
mated that its genetics accounted for a 60% share of the total Chinese layer 
market.16

Broilers (chickens raised for meat)
Two companies dominate industrial breeding worldwide: 1) Tyson Foods 
subsidiary: Cobb-Vantress; 2) EW Group (subsidiaries: Aviagen; Hub-
bard). In 2020, China produced 18.6 million metric tons of chicken, virtually 
all of it sourced from imported breeding stock.17 

Turkeys
Two companies overwhelmingly dominate: Hendrix Genetics and EW 
Group. Smaller breeders that specialize in heritage breeds exist, but they 
do not compete on the same scale. The global turkey meat market peaked at 
almost US$13 billion in 2019.The U.S. accounts for about 45%, by volume, of 
worldwide production.18 

Market Concentration in Poultry Genetics Breeds Dependence & 
Vulnerability
• Some countries and even continents depend on just two industrial 

breeders to provide the genetic stock for their chicken broiler industry.19 
According to Australia’s Chicken Meat Federation, “almost all” of the 
country’s broilers are based on two hybrid strains (commonly referred 
to as Ross and Cobb) that are owned by two companies (EW Group and 
Tyson, respectively).

• Even countries that are self-sufficient in production of chicken meat rec-
ognize that their dependence on imported breeding stock raises seri-
ous food security concerns. In 2020, Russia imported 98% of its broiler 
breeding stock from multinational firms.20 Already in 2020, the Russian 
government feared “that possible sanctions affecting the import of cross-
breeds could drive the Russian poultry industry to the edge of collapse.”21

• In 2020, China produced 18.6 million metric tons of chicken, virtually all 
of it sourced from imported breeding stock. In December 2021, Chinese 
breeders unveiled three new domestically bred varieties that they hope 
will end the country’s 17-year reliance on imported genetic resources.22

Industrial livestock genetics is penetrating all regions of the globe, even un-
der the guise of “sustainable agriculture.” For example, in some African and 
Asian countries, where indigenous birds still account for up to 80% of the 
poultry population, imports of poultry breeding stocks could be imminent.23 
In 2019 Hendrix Genetics was awarded a multi-year grant from the Bill & Me-
linda Gates Foundation for the Sustainable Access to Poultry Parental Stock 
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to Africa (SAPPSA) program.24 The goal is “to provide better breeding stock 
and genetic solutions” for poultry farmers in Sub-Saharan Africa (e.g., Mo-
zambique, Zambia, Zimbabwe, Burkina Faso and more). According to Hen-
drix, the company provides disease-free breeding stock and instruction on 
how to build biosecure poultry housing that will allow for export of quality 
genetics.25 The project claims that it will introduce crossbreeds that are suited 
to challenging environments26 and even contribute to achieving the UN’s 
Sustainable Development Goals.27 The concern is that the introduction of 
imported stock and technologies will ultimately create greater dependence 
on capital intensive inputs, marginalize local livestock producers and accel-
erate the loss of indigenous breeds. 

Fast-Growing Broiler Breeding Backfires
Today’s industrial chicken broilers have become the world’s most pro-
lific and popular protein. But industrial breeding is also undermining 
the birds’ fitness. The consolidation of industrial chicken breeding in 
the hands of just two companies has resulted in two fast-growing hy-
brid lines that account for 90% of all broiler chickens worldwide: 1) 
EW Group’s Ross 308; and 2) Tyson’s Cobb 500.28 Despite their spec-
tacular feed-conversion rates, the altered genetics of these birds has 
spawned a number of physical maladies that degrade the texture of 
chicken meat and harm animal welfare.29 Many industrial chickens (in-
cluding both Ross and Cobb) suffer from muscle myopathy, resulting 
in conditions such as “spaghetti breast,” “woody breast” and “white 
striping disease.” When the birds gain weight too quickly their circu-
lation systems can’t keep pace. Portions of the breast become dead 
tissue because they don’t have adequate blood supply. Woody breast 
syndrome causes muscle tissue to harden. (In 2016, the Wall Street Jour-
nal reported that 5-10% of boneless chicken breast fillets worldwide 
were affected by woody breast.)30 Spaghetti breast results in soft and 
mushy muscle fibre that comes apart in stringy sections. When birds 
are affected with these muscle disorders, the low-quality meat must 
be discarded or sold at a discount. Some heavy, large-breasted birds 
are developing an additional health problem: subcutaneous cellulitis, 
a condition that results from sitting in damp manure.31 Food processors 
are now under increasing pressure from the public to sell “humanely 
raised meat” – including demand for “slower growing broilers.” But it 
takes time to modify global flocks; according to one industry spokes-
person, there’s a three-to-five-year gap between genetic selections 
made at the pedigree level and the chicken on your plate.32
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The Weakest Link
Almost 10 years ago, FAO warned that “livestock health is the weakest link 
in our global health chain.”33 Over 70% of novel human diseases that have 
emerged in recent decades are of animal origin,34 and factory farms are in-
cubators for zoonotic diseases (those transmitted from animals to humans). 
The genetically-uniform traits that underpin the spectacular growth of in-
dustrial livestock breeds is precisely what makes these flocks and herds ex-
ceptionally vulnerable to disease outbreaks. One veterinarian describes the 
threat of avian influenza to industrial chickens: “They all have the same im-
mune system, or lack of an immune system, so once a virus gets inside a 
barn, it’s going to spread like wildfire.”35 If a virus that emerges on a factory 
farm mutates, it can pose dire threats to human health. A 2018 study exam-
ining the emergence of 39 highly pathogenic avian viruses found that all but 
two came from industrial poultry farms.36 

Gene Editing for Ethical Eggs?
Gene editing research is underway in the poultry sector worldwide, espe-
cially related to the development of vaccines (e.g., avian influenza, Marek’s 
disease and infectious bursal disease). To sidestep public resistance to a 
controversial genetic engineering technology, advocates of gene editing are 
touting it as the key to improving animal welfare for factory farm animals.37 
Ironically, this means addressing standard industry practices that are now 
deemed “unethical.” For example, the layer chicken industry disposes of 4 
billion day-old male chicks per year.38 Research teams in the UK, Australia 
and Israel are exploring the use of CRISPR gene editing to control the sex of 
chicken offspring to dramatically reduce culling in the poultry industry.39 If 
hens produce only female chicks, it would prevent the killing of billions of 
unwanted, day-old male chicks that are culled after hatching.40 Germany and 
France have already passed laws to ban the culling of day-old chicks begin-
ning in 2023. However, alternative methods of embryo sexing (e.g., sorting 
based on sex hormones; MRI scans) are being developed that do not involve 
genetic engineering.41

INDUSTRIAL SWINE GENETICS
Most swine genetic companies are privately-held, with limited financial dis-
closure requirements. That makes it hard to assess company-level perfor-
mance and the sector’s level of concentration. The UK’s Genus Plc, which 
owns PIC (Pig Improvement Company) and is among the few publicly-trad-
ed animal genetics companies, claims 16% global market share for pig genet-
ics.42 Just like poultry breeders, pig breeders rely on a narrow range of uni-
form breeds to facilitate increasingly intensive livestock operations (because 
uniform breeds imply uniform feed and infrastructure requirements).43 
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Pig Virus Provides Pandemic Preview
In January 2020, when WHO began reporting on Covid-19, a highly transmis-
sible and potentially deadly virus circulating in China,44 the country’s pork in-
dustry had been dealing with its own highly transmissible virus for more than 
a year. African Swine Fever (ASF) – a hemorrhagic disease in pigs that is almost 
always fatal – broke out in August 2018 and quickly spread; there is no vaccine 
and no effective treatment for ASF. The virus decimated China’s pig population. 
In the first year of the virus outbreak, researchers estimate that more than 43 
million pigs in China died of ASF or were culled to prevent AFS-transmission.45 
By the time the epidemic was (mostly46) reined in, in 2020, the toll amounted 
to as much as 60% of China’s pig herd.47 The world’s biggest pork-consuming 
and pork-exporting country responded to the crisis, first, by securing imports 
for domestic consumption, then by restocking its breeding herd to recoup pro-
duction capacity – at an estimated cost of US$60 billion.48 

Throughout 2020, thousands of breeding sows and boars flew to China by 
chartered plane; it was a welcome lift to an airline industry languishing due 
to Covid-related travel restrictions.49 China’s record imports brought rewards 
for the biggest pig breeders outside China, though not indefinitely. Axiom 
(France), Genus Plc (UK), Topigs Norsvin (Netherlands) and Genesus 
(Canada) exported in record numbers; at the same time, Chinese compa-
nies began expanding their own production-capacity as pork prices peaked 
in late 2019 and early 2020.50 By September 2020, China’s Muyuan Foods 
had opened the world’s largest pig production facility near Nanyang. The 
multistorey site can house 84,000 sows and aims to produce more than 2 
million pigs per year.51

Fattening China’s Pig Farms
The ASF epidemic also catalyzed a drastic reduction in the number of China’s 
small-scale, family-owned pig farms,52 a shift that had been on the govern-
ment’s agenda before the ASF outbreak and was already underway.53 Just 
before the turn of this century, China was home to more pig diversity than 
any other country (with 72 breeds),54 but, by 2005, 74% of China’s pigs were 
raised in industrial systems.55 With industrialization, one hybrid breed re-
placed breeds of different sizes and attributes previously raised on small 
family farms.56 

In 2021, Canada’s Genesus updated its rankings of the world’s top 40 
“mega producers” – that is, pork producers with more than 100,000 sows 
– based on late 2020 counts.57 China has more companies on the list than 
any other country (15 of the 40), including all of the list’s top five: Muyu-
an Foods, Wens Group, WH Group (Smithfield Foods), Zhenbang 
Group and New Hope Group; state-owned COFCO is #18. Five of the 
15 Chinese firms are on the list for the first time, suggesting the breakneck 
pace of industrialization and the breathtaking speed with which China 
re-stocked its herd, with an aim to (eventually) wean itself from foreign 



| 8 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

breeding stock. (Genus Plc claims it sells breeding material to one third of 
the top 50 pork producers in China58 and receives royalties from its propri-
etary genetics based on “key performance variables,” such as pig weight 
at slaughter.59) China’s blockbuster swine market enticed Thailand’s CP 
Foods to amass 43 swine-related firms in the country (39 swine farming 
operations and four pork processing companies) in a deal valued at more 
than US$4 billion.60 The acquisitions give CP Foods a capacity of 7.2 million 
pigs annually in 22 of China’s provinces.61 CP Foods’ massive investment in 
China follows its 2019 acquisition of Canadian pork processor HyLife for 
US$272 million.62

Smart Swine? 
Pig farming’s intensification also intensifies challenges to feeding, contain-
ing, monitoring, processing and sanitation, and, of course, new technologies 
are proposed to help overcome those challenges. A package of artificial in-
telligence technologies that process massive amounts of data in real-time in-
cludes electronic tagging, facial and voice recognition (to identify distressed 
piglet squeals) and heat-sensing. AI packages – such as Alibaba’s “ET Agri-
cultural Brain”63 – are being used in the world’s biggest swine operations.64 

“Given the computation time, the data required, the hardware infra-
structure needed, and the cost, it currently makes sense to utilize AI 
only if you are raising millions of pigs, not just one or two… The logic 
is striking. A demand for pork drives industrialized farming of pigs, 
which increases disease transmission. The constant emergence of 
diseases drives the implementation of new technologies like AI pork 
farming. These technologies go on to make pork cheap, driving even 
more availability and demand… AI is not the balm to any problem—it 
is just one piece of the ever-hungry quest for scale.” – from Xiaowei 
Wang, Blockchain Chicken Farm and Other Stories of Tech from China’s Countryside 

While companies apply artificial intelligence technologies to enable bigger 
and bigger swine operations, some companies are also aiming to apply ge-
netic technologies to alter the pigs themselves. New ‘gene-editing’ tech-
nologies like CRISPR-Cas9 make it possible to delete or rearrange pieces of 
an animal’s genetic material in order to ‘engineer’ particular traits, such as 
disease-resistance or heat-tolerance. Genus’s PIC has produced hundreds 
of gene-edited pigs – with thousands of progeny – that have been engi-
neered to resist the virus that causes Porcine Reproductive and Respirato-
ry Syndrome (PRRS). PRRSv is highly infectious and affects pig farms in the 
U.S. particularly.65 While Genus reports that its edited pigs are making their 
way through the regulatory process in both the U.S. and China, company 
researchers admit that newborn edited piglets exhibit the ‘correct’ edit only 
about 20 to 30% of the time.66  
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AQUACULTURE GENETICS /BREEDING 

Industrial livestock breeders, as well as private equity investors,67 are flock-
ing to fish farming and genetics because aquaculture is booming worldwide, 
and the potential to apply genetic selection and genomics to high-value spe-
cies is relatively untapped.
• Globally, since 2016, aquaculture has been the primary source of fish 

available for human consumption.68 From 1990 to 2018, global aquacul-
ture production shot up 527% and is projected to keep growing.69 

• The global aquaculture market was valued at an estimated US$204 billion in 
2020 and analysts predict it will reach US$262 billion by the end of 2026.70

• Asia is by far the world’s largest and most diverse aquaculture producer, 
and China alone accounted for 58% of the global aquaculture volume 
and 59% of its value in 2017.71 

• Multinational livestock genetics firms that conduct R&D in aquaculture 
are focusing on a handful of high-value aquaculture species: primarily 
salmon, shrimp, trout and tilapia. By contrast, aquaculture globally en-
compasses around 425 farmed species (fish, shellfish and seaweeds).72

• Only 11% of the world’s total aquaculture harvest is traded internationally,73 and 
it focuses on relatively few species from just a handful of countries. Salmon, 
shrimp, catfish and tilapia collectively account for about one-third of interna-
tionally traded seafood by value, but only 8% of global seafood production.74

Atlantic salmon is industrial fish farming’s most profitable and high-tech 
superstar – generating an estimated US$18 billion in annual sales.75 Norway 
and Chile are the world’s largest producers. Similar to terrestrial factory 
farms, industrial salmon operations have become massive breeding grounds 
for environmental pollution, diseases and parasites.76

Big Data and Genomics 
The application of genetics and genomics technologies to industrial aqua-
culture is the focus of both public and private sector research. Gene-editing 
(CRISPR Cas 9) experiments are underway worldwide, with most of the fo-
cus on traits such as faster growth, disease resistance and sterility.77 

One target of gene editing is the goal of developing parasite-resistant salm-
on. Industrial salmon operations worldwide are plagued by parasites that 
feed on fishes’ skin and blood, causing lesions and mass mortality in crowd-
ed pens. A team of Canadian and Japanese researchers are focusing on genes 
that confer resistance to sea lice in wild Pacific salmon, with the goal of using 
gene editing to engineer the same trait in farmed Atlantic salmon.78 

Perhaps more fanciful, Chinese scientists are using gene editing to develop 
“bone free” carp species.79 The prospect of “genetically filleted fish” is a com-
plex, longer-term goal, but Chinese researchers have reportedly knocked out 
at least two genes that control boniness.80 
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CRISPR Salmon with Reversible Sterility: AKA Terminator
Every year hundreds of thousands of farmed Atlantic salmon escape 
into the wild.81 The escape of salmon and the possible interbreeding 
with wild salmon threatens to pollute the wild gene pool and spread 
disease.82 One focus of gene editing is the development of salmon that 
are engineered to be sterile so that escapees can’t interbreed with wild 
salmon. In addition to biocontainment, engineered sterility offers, in 
theory, the additional benefit of protecting the company’s proprietary 
fish stock.83 A team of researchers in Norway is using gene editing 
(CRISPR-Cas9) to knock out the “dead-end” gene in salmon, yielding 
salmon embryos that lack germ cells and are hence sterile. By injecting 
the genetically sterile embryos with messenger RNA technology, the 
scientists have successfully restored the fish’s fertility – allowing for the 
development of fertile broodstock that will produce sterile offspring 
for hatcheries. The research opens the door to “a possibility for large-
scale production of germ-cell free Atlantic salmon offspring through 
the genetically sterile broodstock, which can pass the sterility trait on 
to the next generation.”84 For ETC Group, and anyone familiar with the 
history of Terminator seed technology, the prospect of commercializ-
ing gene-edited salmon with engineered sterility genes is a nightmare 
scenario: the engineered sterility is reversible and cannot function as 
a reliable biocontainment tool.85 The gene-editing research on salmon 
sterility in Norway is still in early stages and has not yet undergone 
ecological impact assessment, regulatory review or public debate. The 
aquaculture genetics industry is – thus far – skittish about publicly en-
dorsing controversial genetic engineering technologies.86 

Industrial fish farms already employ a vast array of high-tech, data-intensive 
technologies at all levels of breeding, production and processing, including 
artificial intelligence and surveillance for biosecurity and tracing. For exam-
ple, one of the world’s largest salmon producers, Cermaq, is pioneering its 
iFarm in Norway that uses real-time facial recognition technology that re-
portedly allows identification of each individual salmon and ensures that the 
fish are healthy.87 The technology is also designed to cut costs by monitoring 
sea lice.



| 11 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

Notes
1 See CPF website, CPF Sales Revenue: 590,000 million THB: 

https://www.cpfworldwide.com/en/investors/highlights/
revenue . 

2 Tyson Foods, Form 10-K, 2020, p. 33: https://s22.q4cdn.
com/104708849/files/doc_financials/2020/ar/Tyson-2020-
10K.pdf .

3 Tyson website: https://ir.tyson.com/about-tyson/facts/de-
fault.aspx .

4 Mowi Annual Report, 2020; revenue for 2020, €3,760 
million, p. 10: https://corpsite.azureedge.net/corpsite/
wp-content/uploads/2021/03/Mowi_Integrated_Annual_
Report_2020.pdf .

5 Mowi website: https://mowi.com/about/.
6 Catherine Lankes, “Forbes: A New Billionaire Every 17 

Hours,” Deutsche Welle, 08 April 2021: https://p.dw.com/p/3r-
jXP .

7 Genus Annual Report, 2021; revenue for 2020, £551.4 mil-
lion, p. 2: https://www.genusplc.com/media/1875/ge-
nus-plc-annual-report-2021.pdf .

8 ResearchandMarkets, “Animal Genetics Industry Insights, 
2019-2024 - Existing & Emerging Technologies, Supply 
Chain Analysis, Profitability by Region,” NASDAQ OMX’s 
News Release Distribution Channel, 31 March 2020. https://www.
globenewswire.com/news-release/2020/03/31/2008939/0/
en/Animal-Genetics-Industry-Insights-2019-2024-Exist-
ing-Emerging-Technologies-Supply-Chain-Analysis-Profit-
ability-by-Region.html. 

9 Derya Yildiz, “Global Poultry Industry and Trends,” Feed Ad-
ditive, 11 March 2021: https://www.feedandadditive.com/
global-poultry-industry-and-trends/. 

10 Derya Yildiz, “Global Poultry Industry and Trends,” Feed Ad-
ditive, 11 March 2021: https://www.feedandadditive.com/
global-poultry-industry-and-trends/. 

11 OECD and Food and Agriculture Organization of the United 
Nations, “OECD-FAO Agricultural Outlook 2021-2030,” 05 
Jul 2021: https://doi.org/10.1787/19428846-en.  

12 Hendrix Genetics, “Paine Schwartz Makes Strategic Invest-
ment in Hendrix Genetics, 22 November 2021: https://www.
hendrix-genetics.com/en/news/paine-schwartz-makes-stra-
tegic-investment-hendrix-genetics/. 

13 Tyson Foods news release, “Tyson Foods Reports Strong 
Fourth Quarter And Fiscal 2020 Results,” 16 November 
2020: https://www.tysonfoods.com/news/news-releas-
es/2020/11/tyson-foods-reports-strong-fourth-quarter-and-
fiscal-2020-results.

14 Verbeek news release, “Takeover Novogen and Verbeek by 
EW GROUP,” 28 December 2021: https://www.verbeek.
com/gb/news/takeover-novogen-and-verbeek-by-ew-
group/190 . 

15 Vincent Guyonnet, “Chinese egg companies increasingly 
large scale,” WATTPoultry.com, 16 December 2021: https://
www.wattagnet.com/articles/44105-chinese-egg-compa-
nies-increasingly-large-scale.  

16 Anonymous, “HatchTech selected by Huayu to build major 
new Chinese parent stock hatchery for Hy-Line genetics,” 
The Poultry Site, 06 December 2019: https://www.thepoul-
trysite.com/news/2019/12/hatchtech-selected-by-huayu-
to-build-major-new-chinese-parent-stock-hatchery-for-hy-
line-genetics . 

17 Zhao Yimeng, “Broiler breakthrough for Chinese chicken,” 
China Daily, 10 December 2021: https://www.chinadaily.
com.cn/a/202112/10/WS61b2ba9fa310cdd39bc7a91b.html . 

18 Anonymous, “Poland Emerges as the Fastest-Growing Ex-
porter at the Global Turkey Meat Market,” Global Trade Mag, 
31 October 2020: 

 https://www.globaltrademag.com/poland-emerges-as-the-
fastest-growing-exporter-at-the-global-turkey-meat-market/ .

19 Australia, for example. According to the Australian Chicken 
Meat Federation: “Almost all of Australia’s meat chickens 
today are derived from hybrid strains developed by Aviagen 
and Cobb, and the specific hybrid breeds used in Australia 
(referred to as ‘Ross’ and ‘Cobb’) are pretty much the same 
as are used right around the world.” 

20 Vladislav Vorotnikov, “Russia wants to cut import-depen-
dence breeding stock,” Poultry World, 09 June 2020: https://
www.poultryworld.net/poultry/russia-wants-to-cut-im-
port-dependence-breeding-stock/ .

21 Vladislav Vorotnikov, “Russia wants to cut import-depen-
dence breeding stock,” Poultry World, 09 Jun 2020: https://
www.poultryworld.net/poultry/russia-wants-to-cut-im-
port-dependence-breeding-stock/ . 

22 Zhao Yimeng, “Broiler breakthrough for Chinese chicken,” 
China Daily, 10 December 2021: https://www.chinadaily.
com.cn/a/202112/10/WS61b2ba9fa310cdd39bc7a91b.html. 

23 FAO, “Gateway to poultry production and products,” n. d.: 
https://www.fao.org/poultry-production-products/produc-
tion/breeding/en/ .

24 Hendrix news release, “Improving genetic performance in 
Africa,” 21 July 2021:

 https://www.hendrix-genetics.com/en/news/improv-
ing-genetic-performance-africa/ .

25 Hendrix news release, “The sustainable African poultry 
project: one year later,” 12 December 2019: https://www.
hendrix-genetics.com/en/news/sappsa-sustainable-afri-
can-poultry-project-one-year-later/ .

26 FAO, “Surge in diseases of animal origin necessitates new 
approach to health – report,” 16 December 2013. https://
www.fao.org/news/story/en/item/210621/icode/ .

27 Hendrix Genetics, “Sustainable Access to Poultry Parent 
Stock to Africa,” n. d.: https://www.hendrix-genetics.com/
en/about/our-company/sustainability-program/sappsa/ . 

28 Michael Scaturro, “How Chickens Became Like Apple and 
Android Phones,” Heated, 14 January 2020: https://heated.
medium.com/how-chickens-became-like-apple-and-an-
droid-phones-85378e97799e. Scaturro’s excellent article 
traces the history of Ross and Cobb. 

29 Bob Reid, “Super growth rate damaging to broiler chicken,” 
Ontario Farmer, 21 January 2022. 

30 Kelsey Gee, “Bigger Chickens Bring a Tough New Problem: 
‘Woody Breast’; Muscle condition in fast-growing broilers 
poses no human-health risk but can make meat feel ‘gum-
my,’ harder to chew,” Wall Street Journal, 28 March 2016. 

31 Bob Reid, “Super growth rate damaging to broiler chicken,” 
Ontario Farmer, 21 January 2022.

32 Austin Alonzo, “Slower growing broilers coming in 2026,” 
WattPoultry.com, January 2022:

 https://www.wattagnet.com/articles/44272-slower-grow-
ing-broilers-coming-in-2026 .

33 FAO, “Surge in diseases of animal origin necessitates new 
approach to health – report,” 16 December 2013: https://
www.fao.org/news/story/en/item/210621/icode/ .

34 FAO, “Surge in diseases of animal origin necessitates new 
approach to health – report,” 16 December 2013. https://
www.fao.org/news/story/en/item/210621/icode/.

https://www.cpfworldwide.com/en/investors/highlights/revenue
https://www.cpfworldwide.com/en/investors/highlights/revenue
https://s22.q4cdn.com/104708849/files/doc_financials/2020/ar/Tyson-2020-10K.pdf
https://s22.q4cdn.com/104708849/files/doc_financials/2020/ar/Tyson-2020-10K.pdf
https://s22.q4cdn.com/104708849/files/doc_financials/2020/ar/Tyson-2020-10K.pdf
https://ir.tyson.com/about-tyson/facts/default.aspx
https://ir.tyson.com/about-tyson/facts/default.aspx
https://corpsite.azureedge.net/corpsite/wp-content/uploads/2021/03/Mowi_Integrated_Annual_Report_2020.pdf
https://corpsite.azureedge.net/corpsite/wp-content/uploads/2021/03/Mowi_Integrated_Annual_Report_2020.pdf
https://corpsite.azureedge.net/corpsite/wp-content/uploads/2021/03/Mowi_Integrated_Annual_Report_2020.pdf
https://mowi.com/about/
https://p.dw.com/p/3rjXP
https://p.dw.com/p/3rjXP
https://www.genusplc.com/media/1875/genus-plc-annual-report-2021.pdf
https://www.genusplc.com/media/1875/genus-plc-annual-report-2021.pdf
https://www.globenewswire.com/news-release/2020/03/31/2008939/0/en/Animal-Genetics-Industry-Insights-2019-2024-Existing-Emerging-Technologies-Supply-Chain-Analysis-Profitability-by-Region.html
https://www.globenewswire.com/news-release/2020/03/31/2008939/0/en/Animal-Genetics-Industry-Insights-2019-2024-Existing-Emerging-Technologies-Supply-Chain-Analysis-Profitability-by-Region.html
https://www.globenewswire.com/news-release/2020/03/31/2008939/0/en/Animal-Genetics-Industry-Insights-2019-2024-Existing-Emerging-Technologies-Supply-Chain-Analysis-Profitability-by-Region.html
https://www.globenewswire.com/news-release/2020/03/31/2008939/0/en/Animal-Genetics-Industry-Insights-2019-2024-Existing-Emerging-Technologies-Supply-Chain-Analysis-Profitability-by-Region.html
https://www.globenewswire.com/news-release/2020/03/31/2008939/0/en/Animal-Genetics-Industry-Insights-2019-2024-Existing-Emerging-Technologies-Supply-Chain-Analysis-Profitability-by-Region.html
https://www.feedandadditive.com/global-poultry-industry-and-trends/
https://www.feedandadditive.com/global-poultry-industry-and-trends/
https://www.feedandadditive.com/global-poultry-industry-and-trends/
https://www.feedandadditive.com/global-poultry-industry-and-trends/
https://doi.org/10.1787/19428846-en
https://www.hendrix-genetics.com/en/news/paine-schwartz-makes-strategic-investment-hendrix-genetics/
https://www.hendrix-genetics.com/en/news/paine-schwartz-makes-strategic-investment-hendrix-genetics/
https://www.hendrix-genetics.com/en/news/paine-schwartz-makes-strategic-investment-hendrix-genetics/
https://www.verbeek.com/gb/news/takeover-novogen-and-verbeek-by-ew-group/190
https://www.verbeek.com/gb/news/takeover-novogen-and-verbeek-by-ew-group/190
https://www.verbeek.com/gb/news/takeover-novogen-and-verbeek-by-ew-group/190
https://www.wattagnet.com/articles/44105-chinese-egg-companies-increasingly-large-scale
https://www.wattagnet.com/articles/44105-chinese-egg-companies-increasingly-large-scale
https://www.wattagnet.com/articles/44105-chinese-egg-companies-increasingly-large-scale
https://www.thepoultrysite.com/news/2019/12/hatchtech-selected-by-huayu-to-build-major-new-chinese-parent-stock-hatchery-for-hy-line-genetics
https://www.thepoultrysite.com/news/2019/12/hatchtech-selected-by-huayu-to-build-major-new-chinese-parent-stock-hatchery-for-hy-line-genetics
https://www.thepoultrysite.com/news/2019/12/hatchtech-selected-by-huayu-to-build-major-new-chinese-parent-stock-hatchery-for-hy-line-genetics
https://www.thepoultrysite.com/news/2019/12/hatchtech-selected-by-huayu-to-build-major-new-chinese-parent-stock-hatchery-for-hy-line-genetics
https://www.chinadaily.com.cn/a/202112/10/WS61b2ba9fa310cdd39bc7a91b.html
https://www.chinadaily.com.cn/a/202112/10/WS61b2ba9fa310cdd39bc7a91b.html
https://www.globaltrademag.com/poland-emerges-as-the-fastest-growing-exporter-at-the-global-turkey-meat-market/
https://www.globaltrademag.com/poland-emerges-as-the-fastest-growing-exporter-at-the-global-turkey-meat-market/
https://www.poultryworld.net/poultry/russia-wants-to-cut-import-dependence-breeding-stock/
https://www.poultryworld.net/poultry/russia-wants-to-cut-import-dependence-breeding-stock/
https://www.poultryworld.net/poultry/russia-wants-to-cut-import-dependence-breeding-stock/
https://www.poultryworld.net/poultry/russia-wants-to-cut-import-dependence-breeding-stock/
https://www.poultryworld.net/poultry/russia-wants-to-cut-import-dependence-breeding-stock/
https://www.poultryworld.net/poultry/russia-wants-to-cut-import-dependence-breeding-stock/
https://www.chinadaily.com.cn/a/202112/10/WS61b2ba9fa310cdd39bc7a91b.html
https://www.chinadaily.com.cn/a/202112/10/WS61b2ba9fa310cdd39bc7a91b.html
https://www.fao.org/poultry-production-products/production/breeding/en/
https://www.fao.org/poultry-production-products/production/breeding/en/
https://www.hendrix-genetics.com/en/news/improving-genetic-performance-africa/
https://www.hendrix-genetics.com/en/news/improving-genetic-performance-africa/
https://www.hendrix-genetics.com/en/news/sappsa-sustainable-african-poultry-project-one-year-later/
https://www.hendrix-genetics.com/en/news/sappsa-sustainable-african-poultry-project-one-year-later/
https://www.hendrix-genetics.com/en/news/sappsa-sustainable-african-poultry-project-one-year-later/
https://www.fao.org/news/story/en/item/210621/icode/
https://www.fao.org/news/story/en/item/210621/icode/
https://www.hendrix-genetics.com/en/about/our-company/sustainability-program/sappsa/
https://www.hendrix-genetics.com/en/about/our-company/sustainability-program/sappsa/
https://heated.medium.com/how-chickens-became-like-apple-and-android-phones-85378e97799e
https://heated.medium.com/how-chickens-became-like-apple-and-android-phones-85378e97799e
https://heated.medium.com/how-chickens-became-like-apple-and-android-phones-85378e97799e
https://www.wattagnet.com/articles/44272-slower-growing-broilers-coming-in-2026
https://www.wattagnet.com/articles/44272-slower-growing-broilers-coming-in-2026
https://www.fao.org/news/story/en/item/210621/icode/
https://www.fao.org/news/story/en/item/210621/icode/


| 12 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

35 Andrew Jacobs, “Avian Flu Spreading Through Eastern U.S. 
Worries Poultry Farms,” New York Times, 25 February 2022. 

36 Andrew Jacobs, “Avian Flu Spreading Through Eastern U.S. 
Worries Poultry Farms,” New York Times, 25 February 2022. 

37 Nuffield Council on Bioethics, Genome editing and farmed 
animal breeding: social and ethical issues, 21 December 
2021: https://www.nuffieldbioethics.org/. 

38 See, for example, the website of Israel-based Eggxyt, a com-
pany using CRISPR to develop sex detection of chick embry-
os: https://www.eggxyt.com/. 

39 Gretchen Vogel, “‘Ethical’ eggs could save male chicks 
from mass slaughter,” Science, 14 August 2019: https://www.
science.org/content/article/ethical-eggs-could-save-male-
chicks-mass-slaughter . 

40 Mark Pasveer, “Gene-editing breakthrough could end male 
chick culling,” Poultry World, 16 December 2021: https://www.
poultryworld.net/Genetics/Articles/2021/12/Gene-editing-
breakthrough-could-end-male-chick-culling-832053E/. 

41 Gretchen Vogel, “‘Ethical’ eggs could save male chicks 
from mass slaughter,” Science, 14 August 2019: https://www.
science.org/content/article/ethical-eggs-could-save-male-
chicks-mass-slaughter.  

42 Genus Plc, Annual Report, 2021, p. 5: https://www.genusplc.
com/media/1875/genus-plc-annual-report-2021.pdf . Ac-
cording to the company, Genus’s estimate is based on “gov-
ernment agencies, Eurostat, pork organisations and Genus 
estimates.”

43 See, for example, G. Q. Tang, J. Xue, M. J. Lian, R. F. Yang, 
T. F. Liu, Z. Y. Zeng, A. A. Jiang, Y. Z. Jiang, L. Zhu, L. Bai, 
Z. Wang and X. W. Li, “Inbreeding and genetic diversity in 
three imported Swine breeds in China using pedigree data,” 
Asian-Australasian Journal of Animal Sciences, Vol. 26, 6 (2013), pp. 
755-65: https://doi.org/10.5713/ajas.2012.12645 . 

44 World Health Organization, Archived: WHO Timeline – Covid-19, 
27 April 2020:  https://www.who.int/news/item/27-04-
2020-who-timeline---covid-19 .

45 Shibing You, Tingyi Liu, Miao Zhang, Xue Zhao, Yizhe Dong, 
Bi Wu, Yanzhen Wang, Juan Li, Xinjie Wei and Baofeng Shi, 
“African swine fever outbreaks in China led to gross domes-
tic product and economic losses,” Nature Food, published 
online 27 September 2021: https://doi.org/10.1038/s43016-
021-00362-1.  

46 For current information on African Swine Fever outbreaks, 
see: https://www.woah.org/en/disease/african-swine-fe-
ver/#ui-id-2 . .

47 Dominique Patton, “Pigs fly in as China replenishes world’s 
biggest hog herd,” Reuters, 02 April 2020: https://www.
reuters.com/article/us-china-swinefever-pigs-imports/
pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-
idUSKBN21K14T .

48 Genesus, “World Mega Producers,” n. d.: https://genesus.
com/global-mega-producers/ .

49 Dominique Patton, “Pigs fly in as China replenishes world’s 
biggest hog herd,” Reuters, 02 April 2020: https://www.
reuters.com/article/us-china-swinefever-pigs-imports/
pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-
idUSKBN21K14T .

50 Evelyn Cheng, “China’s hog farmers struggle as pork prices 
swing and throw off debt-fueled expansion plans,” CNBC, 
12 September 2021: https://www.cnbc.com/2021/09/13/chi-
nas-hog-farmers-struggle-as-pork-prices-swing-and-throw-
off-debt-fueled-expansion-plans.html .

51 Dominique Patton, “Flush with cash, Chinese hog produc-
er builds world’s largest pig farm,” Reuters, 07 December 

2020: https://www.reuters.com/article/us-china-swinefe-
ver-muyuanfoods-change-s/flush-with-cash-chinese-
hog-producer-builds-worlds-largest-pig-farm-idUSKB-
N28H0MU .

52 Xiaowei Wang, “Behind China’s ‘pork miracle’: how tech-
nology is transforming rural hog farming,” The Guardian, 08 
October 2020: https://www.theguardian.com/environ-
ment/2020/oct/08/behind-chinas-pork-miracle-how-tech-
nology-is-transforming-rural-hog-farming .

53 “We will ensure that livestock, poultry, and aquaculture 
farming are further standardized and brought up to scale,” 
according to China’s Communist Party’s 13th Five-Year Plan for 
Economic and Social Development of the People’s Republic of China 
(2016-2020), Chapter 18, Section 2: https://en.ndrc.gov.cn/
policies/202105/P020210527785800103339.pdf . 

54 FAO, “Country Report for the Preparation of the First Report 
on the State of the World’s Animal Genetic Resources,” Re-
port on Domestic Animal Genetic Resources in China, Beijing, June 
2003, p. 12: https://fermer.ru/files/v2/forum/256739/china.
pdf .

55 Beate D. Scherf & Dafydd Pilling, eds., The Second Report on the 
State of the World’s Animal Genetic Resources for Food and Agriculture, 
2015, FAO Commission on Genetic Resources for Food and 
Agriculture Assessments, 2015, p. 182: https://reliefweb.int/
sites/reliefweb.int/files/resources/a-i4787e.pdf .

56 Xiaowei Wang, “Behind China’s ‘pork miracle’: how tech-
nology is transforming rural hog farming,” The Guardian, 08 
October 2020: https://www.theguardian.com/environ-
ment/2020/oct/08/behind-chinas-pork-miracle-how-tech-
nology-is-transforming-rural-hog-farming .

57 Genesus, “World Mega Producers,” n. d.: https://genesus.
com/global-mega-producers/ .

58 Genus Plc, “Interim Results: Half year ended 31 December 
2020,” p. 8: https://www.genusplc.com/media/1727/ge-
nus-results-presentation-31-december-2020-final.pdf. 

59 According to Genus, Annual Report, 2021, p. 116: “We receive 
royalty payments from certain porcine customers based on 
key performance variables, such as the number of pigs born 
per litter, the number of litters born per sow and the aver-
age slaughter weight of the animals born.”

60 CP Foods news release, “CPF proposes to integrate swine 
business in China / CTI, its subsidiary, to acquire pig farms in 
China / Profit jumps abruptly in line with business expansion 
plan to further growth,” 19 September 2020: https://www.
cpfworldwide.com/en/media-center/corporate-1436 .

61 Masayuki Yuda, “Thai CP Group to build China pork busi-
ness through share swap,” Nikkei Asia, 14 September 2020: 
https://asia.nikkei.com/Business/Agriculture/Thai-CP-
Group-to-build-China-pork-business-through-share-swap .

62 Anonymous, “Thai CPF to acquire Canadian pork producer 
HyLife for $372 million,” Reuters, 21 April 2019: https://www.
reuters.com/article/us-charoen-pok-food-investment/thai-
cpf-to-acquire-canadian-pork-producer-hylife-for-372-mil-
lion-idUSKCN1RY07K .

63 Xiaowei Wang, “Behind China’s ‘pork miracle’: how tech-
nology is transforming rural hog farming,” The Guardian, 08 
October 2020: https://www.theguardian.com/environ-
ment/2020/oct/08/behind-chinas-pork-miracle-how-tech-
nology-is-transforming-rural-hog-farming .

64 Vincent Ter Beek, “Alibaba Cloud launches smart brain for 
pig farms,” Pig Progress, 20 June 2018: https://www.pigprog-
ress.net/world-of-pigs/alibaba-cloud-launches-smart-brain-
for-pig-farms/ .

https://www.nuffieldbioethics.org/
https://www.nuffieldbioethics.org/
https://www.eggxyt.com/
https://www.eggxyt.com/
https://www.science.org/content/article/ethical-eggs-could-save-male-chicks-mass-slaughter
https://www.science.org/content/article/ethical-eggs-could-save-male-chicks-mass-slaughter
https://www.science.org/content/article/ethical-eggs-could-save-male-chicks-mass-slaughter
https://www.poultryworld.net/Genetics/Articles/2021/12/Gene-editing-breakthrough-could-end-male-chick-culling-832053E/
https://www.poultryworld.net/Genetics/Articles/2021/12/Gene-editing-breakthrough-could-end-male-chick-culling-832053E/
https://www.poultryworld.net/Genetics/Articles/2021/12/Gene-editing-breakthrough-could-end-male-chick-culling-832053E/
https://www.poultryworld.net/Genetics/Articles/2021/12/Gene-editing-breakthrough-could-end-male-chick-culling-832053E/
https://www.science.org/content/article/ethical-eggs-could-save-male-chicks-mass-slaughter
https://www.science.org/content/article/ethical-eggs-could-save-male-chicks-mass-slaughter
https://www.science.org/content/article/ethical-eggs-could-save-male-chicks-mass-slaughter
https://www.genusplc.com/media/1875/genus-plc-annual-report-2021.pdf
https://www.genusplc.com/media/1875/genus-plc-annual-report-2021.pdf
https://doi.org/10.5713/ajas.2012.12645
https://www.who.int/news/item/27-04-2020-who-timeline---covid-19
https://www.who.int/news/item/27-04-2020-who-timeline---covid-19
https://doi.org/10.1038/s43016-021-00362-1
https://doi.org/10.1038/s43016-021-00362-1
https://www.woah.org/en/disease/african-swine-fever/#ui-id-2
https://www.woah.org/en/disease/african-swine-fever/#ui-id-2
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://genesus.com/global-mega-producers/
https://genesus.com/global-mega-producers/
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://www.reuters.com/article/us-china-swinefever-pigs-imports/pigs-fly-in-as-china-replenishes-worlds-biggest-hog-herd-idUSKBN21K14T
https://www.cnbc.com/2021/09/13/chinas-hog-farmers-struggle-as-pork-prices-swing-and-throw-off-debt-fueled-expansion-plans.html
https://www.cnbc.com/2021/09/13/chinas-hog-farmers-struggle-as-pork-prices-swing-and-throw-off-debt-fueled-expansion-plans.html
https://www.cnbc.com/2021/09/13/chinas-hog-farmers-struggle-as-pork-prices-swing-and-throw-off-debt-fueled-expansion-plans.html
https://www.reuters.com/article/us-china-swinefever-muyuanfoods-change-s/flush-with-cash-chinese-hog-producer-builds-worlds-largest-pig-farm-idUSKBN28H0MU
https://www.reuters.com/article/us-china-swinefever-muyuanfoods-change-s/flush-with-cash-chinese-hog-producer-builds-worlds-largest-pig-farm-idUSKBN28H0MU
https://www.reuters.com/article/us-china-swinefever-muyuanfoods-change-s/flush-with-cash-chinese-hog-producer-builds-worlds-largest-pig-farm-idUSKBN28H0MU
https://www.reuters.com/article/us-china-swinefever-muyuanfoods-change-s/flush-with-cash-chinese-hog-producer-builds-worlds-largest-pig-farm-idUSKBN28H0MU
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://en.ndrc.gov.cn/policies/202105/P020210527785800103339.pdf
https://en.ndrc.gov.cn/policies/202105/P020210527785800103339.pdf
https://fermer.ru/files/v2/forum/256739/china.pdf
https://fermer.ru/files/v2/forum/256739/china.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/a-i4787e.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/a-i4787e.pdf
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://genesus.com/global-mega-producers/
https://genesus.com/global-mega-producers/
https://www.genusplc.com/media/1727/genus-results-presentation-31-december-2020-final.pdf
https://www.genusplc.com/media/1727/genus-results-presentation-31-december-2020-final.pdf
https://www.cpfworldwide.com/en/media-center/corporate-1436
https://www.cpfworldwide.com/en/media-center/corporate-1436
https://asia.nikkei.com/Business/Agriculture/Thai-CP-Group-to-build-China-pork-business-through-share-swap
https://asia.nikkei.com/Business/Agriculture/Thai-CP-Group-to-build-China-pork-business-through-share-swap
https://www.reuters.com/article/us-charoen-pok-food-investment/thai-cpf-to-acquire-canadian-pork-producer-hylife-for-372-million-idUSKCN1RY07K
https://www.reuters.com/article/us-charoen-pok-food-investment/thai-cpf-to-acquire-canadian-pork-producer-hylife-for-372-million-idUSKCN1RY07K
https://www.reuters.com/article/us-charoen-pok-food-investment/thai-cpf-to-acquire-canadian-pork-producer-hylife-for-372-million-idUSKCN1RY07K
https://www.reuters.com/article/us-charoen-pok-food-investment/thai-cpf-to-acquire-canadian-pork-producer-hylife-for-372-million-idUSKCN1RY07K
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://www.theguardian.com/environment/2020/oct/08/behind-chinas-pork-miracle-how-technology-is-transforming-rural-hog-farming
https://www.pigprogress.net/world-of-pigs/alibaba-cloud-launches-smart-brain-for-pig-farms/
https://www.pigprogress.net/world-of-pigs/alibaba-cloud-launches-smart-brain-for-pig-farms/
https://www.pigprogress.net/world-of-pigs/alibaba-cloud-launches-smart-brain-for-pig-farms/


| 13 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

65 David Thompson and Madonna Benjamin, “UPDATE: 
Progress toward PRRSv-resistant pigs,” Michigan State Ex-
tension, 26 July 2021: https://www.canr.msu.edu/news/
update-progress-toward-prrsv-resistant-pigs .

66 Antonio Regalado, “Lessons from the Pig Epidemic,” Tech-
nology Review, 11 December 2020, p. 47.

67 Dominic Welling, “Private equity’s massive war chest puts 
seafood industry in the crosshairs,” Intrafish, 06 December 
2021: https://www.intrafish.com. See also: Drew Cherry, 
“A flood of new funds are investing in aquaculture, fisheries 
and seafood. Will they succeed?,” Intrafish, 25 August 2020: 
https://www.intrafish.com/opinion/a-flood-of-new-funds-
are-investing-in-aquaculture-fisheries-and-seafood-will-
they-succeed-/2-1-863268 .

68 Food and Agriculture Organization of the United Nations, 
The state of world fisheries and aquaculture 2020: http://www.fao.
org/state-of-fisheries-aquaculture.

69 Food and Agriculture Organization of the United Nations, 
The state of world fisheries and aquaculture 2020: http://www.fao.
org/state-of-fisheries-aquaculture. 

70 U.S. Department of Commerce, “Aquaculture Snapshot: In-
dustry Summary,” International Trade Administration, n.d.: 
https://www.trade.gov/aquaculture-industry-summary. 

71 Rosamund L.  Naylor et al., “A 20 Year Retrospective Review 
of Global Aquaculture,” Nature, 24 March 2021: https://doi.
org/10.1038/s41586-021-03308-6.  

72 Rosamund L. Naylor, et al., “A 20 Year Retrospective Review 
of Global Aquaculture,” Nature, 24 March 2021: https://doi.
org/10.1038/s41586-021-03308-6.  

73 Rosamund L. Naylor, et al., “A 20 Year Retrospective Review 
of Global Aquaculture,” Nature, 24 March 2021: https://doi.
org/10.1038/s41586-021-03308-6.  

74 Rosamund L. Naylor, et al., “A 20 Year Retrospective Review 
of Global Aquaculture,” Nature, 24 March 2021: https://doi.
org/10.1038/s41586-021-03308-6.  

75 Erik Stokstad, “Tomorrow’s Catch: Genomic technologies 
promise dramatic gains for aquaculture by accelerating the 
breeding of better strains,” Science, 19 November 2020:

 https://www.science.org/content/article/new-genet-
ic-tools-will-deliver-improved-farmed-fish-oysters-and-
shrimp-here-s-what.

76 Mark Kurlansky, “Net loss: the high price of salmon farm-
ing,” The Guardian, 15 September 2020: https://www.
theguardian.com/news/2020/sep/15/net-loss-the-high-
price-of-salmon-farming. 

77 C. Greg Lutz, “The Use of CRISPR in Aquaculture,” The Fish 
Site, 30 September 2021: https://thefishsite.com/articles/
the-use-of-crispr-in-aquaculture-gene-editing-in-fish .

78 C. Greg Lutz, “The Use of CRISPR in Aquaculture,” The Fish 
Site, 30 September 2021: https://thefishsite.com/articles/
the-use-of-crispr-in-aquaculture-gene-editing-in-fish .

79 Erik Stokstad, “Tomorrow’s Catch: Genomic technologies 
promise dramatic gains for aquaculture by accelerating the 
breeding of better strains,” Science, 19 November 2020:

 https://www.science.org/content/article/new-genet-
ic-tools-will-deliver-improved-farmed-fish-oysters-and-
shrimp-here-s-what. 

80 Erik Stokstad, “Tomorrow’s Catch: Genomic technologies 
promise dramatic gains for aquaculture by accelerating the 
breeding of better strains,” Science, 19 November 2020:

 https://www.science.org/content/article/new-genet-
ic-tools-will-deliver-improved-farmed-fish-oysters-and-
shrimp-here-s-what.

81 Kevin A. Glover, María Quintela, Vidar Wennevik, François 
Besnier, Anne G. E. Sørvik, and Øystein Skaala, “Three De-
cades of Farmed Escapees in the Wild: A Spatio-Temporal 
Analysis of Atlantic Salmon Population Genetic Structure 
throughout Norway,” PLoS ONE, 15 August 2012: https://
doi.org/10.1371/journal.pone.0043129. 

82 Mark Kurlansky, “Net loss: the high price of salmon farm-
ing,” The Guardian, 15 September 2020: https://www.
theguardian.com/news/2020/sep/15/net-loss-the-high-
price-of-salmon-farming. 

83 H. Güralp, K.O. Skaftnesmo, E. Kjærner-Semb et al., “Rescue 
of germ cells in dnd crispant embryos opens the possibility to 
produce inherited sterility in Atlantic salmon,” Scientific Re-
ports, 10, 18042, 2020: https://doi.org/10.1038/s41598-020-
74876-2.

84 H. Güralp, K.O. Skaftnesmo, E. Kjærner-Semb et al., “Rescue 
of germ cells in dnd crispant embryos opens the possibility to 
produce inherited sterility in Atlantic salmon,” Scientific Re-
ports, 10, 18042, 2020: https://doi.org/10.1038/s41598-020-
74876-2.

85 For background, see: ETC Group, “Terminator: The Se-
quel,” Communique, May/June 2007: https://www.etcgroup.
org/sites/www.etcgroup.org/files/publication/635/01/et-
comm95_tsequel_11june07.pdf . 

86 Lisa Abend, “A Sterile Solution: How Crispr Could Protect 
Wild Salmon,” Undark Magazine, 07 July 2021: https://undark.
org/2021/07/21/crispr-protect-wild-salmon/ .

87 Rachel Mutter, “First fish from Cermaq’s facial recogni-
tion salmon farm ship to market,” IntraFish, 10 February 
2022: https://www.intrafish.com/technology/first-fish-
from-cermaqs-facial-recognition-salmon-farm-ship-to-mar-
ket/2-1-1166184. 

https://www.canr.msu.edu/news/update-progress-toward-prrsv-resistant-pigs
https://www.canr.msu.edu/news/update-progress-toward-prrsv-resistant-pigs
https://www.intrafish.com
https://www.intrafish.com/opinion/a-flood-of-new-funds-are-investing-in-aquaculture-fisheries-and-seafood-will-they-succeed-/2-1-863268
https://www.intrafish.com/opinion/a-flood-of-new-funds-are-investing-in-aquaculture-fisheries-and-seafood-will-they-succeed-/2-1-863268
https://www.intrafish.com/opinion/a-flood-of-new-funds-are-investing-in-aquaculture-fisheries-and-seafood-will-they-succeed-/2-1-863268
http://www.fao.org/state-of-fisheries-aquaculture
http://www.fao.org/state-of-fisheries-aquaculture
http://www.fao.org/state-of-fisheries-aquaculture
http://www.fao.org/state-of-fisheries-aquaculture
https://www.trade.gov/aquaculture-industry-summary
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.theguardian.com/news/2020/sep/15/net-loss-the-high-price-of-salmon-farming
https://www.theguardian.com/news/2020/sep/15/net-loss-the-high-price-of-salmon-farming
https://www.theguardian.com/news/2020/sep/15/net-loss-the-high-price-of-salmon-farming
https://thefishsite.com/articles/the-use-of-crispr-in-aquaculture-gene-editing-in-fish
https://thefishsite.com/articles/the-use-of-crispr-in-aquaculture-gene-editing-in-fish
https://thefishsite.com/articles/the-use-of-crispr-in-aquaculture-gene-editing-in-fish
https://thefishsite.com/articles/the-use-of-crispr-in-aquaculture-gene-editing-in-fish
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://www.science.org/content/article/new-genetic-tools-will-deliver-improved-farmed-fish-oysters-and-shrimp-here-s-what
https://doi.org/10.1371/journal.pone.0043129
https://doi.org/10.1371/journal.pone.0043129
https://www.theguardian.com/news/2020/sep/15/net-loss-the-high-price-of-salmon-farming
https://www.theguardian.com/news/2020/sep/15/net-loss-the-high-price-of-salmon-farming
https://www.theguardian.com/news/2020/sep/15/net-loss-the-high-price-of-salmon-farming
https://doi.org/10.1038/s41598-020-74876-2
https://doi.org/10.1038/s41598-020-74876-2
https://doi.org/10.1038/s41598-020-74876-2
https://doi.org/10.1038/s41598-020-74876-2
https://www.etcgroup.org/sites/www.etcgroup.org/files/publication/635/01/etcomm95_tsequel_11june07.pdf
https://www.etcgroup.org/sites/www.etcgroup.org/files/publication/635/01/etcomm95_tsequel_11june07.pdf
https://www.etcgroup.org/sites/www.etcgroup.org/files/publication/635/01/etcomm95_tsequel_11june07.pdf
https://undark.org/2021/07/21/crispr-protect-wild-salmon/
https://undark.org/2021/07/21/crispr-protect-wild-salmon/
https://www.intrafish.com/technology/first-fish-from-cermaqs-facial-recognition-salmon-farm-ship-to-market/2-1-1166184
https://www.intrafish.com/technology/first-fish-from-cermaqs-facial-recognition-salmon-farm-ship-to-market/2-1-1166184
https://www.intrafish.com/technology/first-fish-from-cermaqs-facial-recognition-salmon-farm-ship-to-market/2-1-1166184

