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Abstract 

The global poultry industry culls approximately seven billion day-old male layer chicks 

annually. Superfluous to both egg and meat, male ‘brother’ layers constitute a momentous 

problem, simultaneously economical and ethical, to the poultry industry. In this article, we 

scrutinize present and proposed alternatives to routine killing involving multiple 

biotechnological innovations, including novel methods for fetus sexing, genome editing 

technologies and re-sexing. We utilize a political ecological perspective that views attempts 

to solve the ‘brother layer problem’ as discursive and techno-scientific ‘fixes’ to problems of 

the capitalist poultry industry’s own making and to rising demands for ethics and 

environmental-friendly animal agriculture. This context opens new avenues for profitmaking 

by and for an expanding matrix of actors we view as an evolving ‘economy of repair’ that is 

built in part by public resources. Further, these fixes constitute an ostensible ‘ethical 

sustainability’ meant to signal both animal welfare and environmental improvements, which 

seem to work towards stabilizing agro-industry, thereby foreclosing alternatives to agro-

industrial intensification. 

 

Introduction 

The global poultry industry, the ‘most important segment of the livestock industry’ and 

‘fastest growing agricultural sub-sector’, had an estimated market value of USD322.55 

billion in 2021 (Yildiz, 2021; Mottet and Tempio, 2017). According to the UN’s Food and 

Agricultural Organization, poultry constituted 40% of total meat production in 2020 (i.e. 137 

million tons of poultry meat), while global egg production reached almost 1.6 trillion (90 

million tons of eggs) in 2019 (FAO, 2021; Yildiz, 2021). Among poultry species, the chicken 

is king, representing an estimated 90% of the sector (Yildiz, 2021). 

 

The chicken industry primarily entails two types: the broilers, which are ‘optimized to 

provide as much meat as possible’, and layers, which are ‘optimized to lay as many eggs as 

possible’ (Eggxyt, 2021). Such optimization follows from a meat production system that 

especially since the 1960s has advanced ‘a combination of breeding, concentrated feeding 

operations and global supply chains’, to ‘turn a fertile egg and a nine-pound (four-kilogram) 
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bag of feed into a five-pound (two-kilogram) chicken in five weeks’ (Patel and Moore, 2017: 

162), or alternatively, into an egg-laying ‘machine’ (PETA, 2019). 

 

Male layer chicks represent a pernicious optimization problem for the industry. As poultry 

biotech firm describes: ‘In modern-day poultry farming, layer males are useless’ (Eggxyt, 

2021). Although ‘waste’ has been conceptualized as an essential component of capitalist 

logic (Chakraboty, 2018; Patel, 2012), at times it also simply represents a missed opportunity 

for profit (e.g. Morgen, 2021). In contemporary industrial poultry, such unintentional waste 

may be best represented in male, or ‘brother’, layers1. Veterinary researchers (Krautwald-

Junghanns et al., 2018) describe the root of the problem which stems from biotech 

‘advancements’: ‘The negative correlation between fattening and laying performance 

prevents breeding improvement in both laying performance and meat yield. Therefore, 

specialized chicken lines have been bred in order to achieve either an efficient production of 

high quality eggs or high growth rates’. In other words, male layers – roughly 50% of the 

production ratio – are unable to lay, yet are not the fast-growing breeds destined for the 

slaughterhouse. As a result, the global layer industry culls approximately seven billion day-

old male chicks annually (Krautwald-Junghanns et al., 2018). 

 

The practice of culling male layer chicks has long been an integral part of the industry. There 

was simply no way to tell the sex of a chick until after it hatched and could be examined by 

expert ‘chick sexers’ (see Gander, 2015). Considered a thinly veiled industry secret or as 

McKenna (2016) colourfully describes as ‘one of the most jaw-dropping, least-known facts’ 

of food production, the practice raises multiple dilemmas. As a biotech firm notes, ‘This 

practice is not only ugly, but also very expensive’ (Eggxyt, 2021). With each male layer 

‘worth approximately one dollar, that’s a seven-billion-dollar loss annually to the layer 

industry’, and cost will grow with increasing global egg demand (Johnson, 2021).2 The 

primary strategy to minimize profit loss is the commodification of male chick carcasses 

towards animal feed, fertilizer or use in the pharmaceutical industry (de Haas et al., 2021). 

These are likely minor compensation given estimates suggesting that such uses account for 

no more than two to three percent of all male layer chicks (FindLight, 2019). 

 

The search for alternatives is also intensifying alongside mounting ethical demands. A few 

countries are rolling out legislation to ban male chick culling in the wake of pressure from 

animal welfare organizations, alongside advancements in biotechnologies in recent years as 

well as growing indications of a consumer ‘willingness to pay’ for alternatives (e.g. de Haas 

et al., 2021). Timelines vary: Germany initiated new regulation from 2022, France will do so 

from 2023, and Italy announced a male chick-culling ban from 2026 (AAT, 2021; Brockotter, 

2020; DW, 2021); the Netherlands is expected to soon follow suit (DW, 2021). Producers in 

the USA committed to do so back in 2016, though the 2020 self-imposed deadline has come 

and gone (McKenna, 2016). In 2019, Germany’s Federal Administrative Court had already 

ruled that animal welfare concerns ‘outweigh the economic interests of farmers who wish to 

practice chick shredding’ (DW, 2021). Shredding, otherwise known as high-speed 

maceration, refers to one of several methods of culling; others include asphyxiation by carbon 

dioxide. Demands to end culling are mounting alongside similar ethical demands of the 

                                                           
1 Our term ‘brother layers’ is inspired by a poultry biotech company’s recent reference to 

‘brother males’ in the layer sector (see van de Braak 2021). 
2 Estimates from the USA alone suggest approximately $500 million is ‘wasted’ in the 

country annually in eggs, energy and labour as a result of male layers (see FFAR, 2021; 

Doughman, 2021). 



poultry production system, not least the abandonment of beak trimming and cage-housing 

systems, or the ‘End of the Cage Age’ as it is called in a groundbreaking European citizen 

initiative expected to reshape EU legislation by 2027 (EC, 2021). 

 

The economic and ethical concerns vis-à-vis the ‘brother layer problem’ coexist with 

environmental quandaries. Eggs are incubated for 21 days before they hatch, a process with 

substantial financial costs and carbon footprint (FFAR, 2021; Johnson, 2021). Accordingly, 

industry actors and scientific research groups are looking for feasible alternatives to the 

routine killing of male layer chicks. An increasing number of initiatives aim to develop 

technologies to determine the gender of a chicken while still in the egg – and more recently, 

to actively intervene in determining the sex of the eggs. 

 

With this contribution, we wish to explore the drivers and nature of problem identification 

and response to the ‘brother layer problem’, and then consider the implications for food 

futures. We do so by drawing from the analytical lenses of political ecology and 

sustainability studies. The brother layer problem, we argue, reveals how the poultry industry 

seeks to ‘fix’ problems of its own making through techno-scientific innovation, thus opening 

up new avenues for profitmaking among industry actors. While techno-fixes can be viewed, 

with a political ecological lens, as expressive of the underlying logics, mechanics and 

structures of capitalist animal agriculture, deliberations over the brother layer problem also 

revolve around broader discourses of sustainability and ethics. The pursuit of what we call 

‘ethical sustainability’ emerges as another ‘fix’ to mounting challenges for industry actors. 

The story about the brother layer problem thus forms part of an evolving – and as yet still 

indeterminate – food future for agro-industrialization more broadly, increasingly defined by 

sustainability concerns. Rather than offering anything resembling a rupture with present 

conditions of problematic livestock production, ongoing deliberations over the brother layer 

problem indicate steps towards further intensification of hegemonic agro-industrialization 

that co-opts sustainability discourses and seeks to mute moral concerns. 

 

In the following, we present our conceptual lenses, starting with a political ecological 

analysis of agro-industrial ‘fixes’ to recurrent problems emerging from the sustained efforts 

at transforming biophysical nature for the purpose of capital accumulation. We then review 

and discuss the attempts, present and (near) future, to respond to the ‘brother layer problem’ 

through the application of biotechnologies. Finally, we contribute to scholarly discussions on 

food futures (e.g. Sexton et al., 2019; Reisman, 2021), by exploring what our empirical case 

says about the possible (de)stabilization of agro-industrial trajectories in the 21st century. 

 

A political ecological conceptual framework 

‘More than any other species’, writes Tony Weis (2013: 155), ‘broiler and layer chickens 

embody the violence of industrial livestock production, and occupy a fast-expanding place in 

the global food economy’. Such violence has been central to political ecological engagement 

with industrial livestock production, aligning with the broader political ecological emphasis 

on the uneven distribution of costs and benefits in processes of socio-environmental change 

(see Robbins, 2019). Recent work for instance has emphasized the ‘biopolitics’ involved in 

decisions and processes surrounding ‘making live and letting die’, and thereby explore 

patterns of marginalization among human and other species embroiled in industrial livestock 

systems (see Emel and Neo, 2015; Neo and Emel, 2017). The brother layer problem would 

certainly, from this angle, seem an apt illustration of the pernicious workings of biopolitics. 

Yet in the following we suggest a slightly different approach, drawing rather on another key 

interest in the political ecological scholarship on livestock production scrutinizing the ways 



capital seeks various ‘fixes’ to overcome barriers to accumulation arising from problems fully 

or partly of its own making, and to its subsequent crises, through techno-scientific 

interventions. 

 

Within political ecology and related strands of agrarian studies, there is a long-standing 

stream of scholarship seeking to conceptualize the limitations or barriers offered by 

biophysical nature for the pursuit of capitalist profit (see early formulations in Mann and 

Dickinson, 1978). In a trailblazing contribution, Kloppenburg (2005 [1988]) analyzed the 

transformation of corn seeds from a ‘biological barrier’ into a ‘vehicle of accumulation’ 

through biotechnological engineering, i.e. the innovation of hybrid breeding of seeds. Taking 

a cue from Kloppenburg amongst others, Boyd et al. (2001: 556) discuss the ‘problem of 

nature’ in natural resource industries, namely ‘how the intimate relationship with nature in 

food, fiber, and raw materials industries poses a unique set of obstacles, opportunities, and 

surprises to firms as they seek to subordinate biophysical properties and processes to the 

dictates of industrial production’. The broiler chicken is indeed a paradigmatic example of 

such processes. 

 

Building upon these studies, Weis (2010, 2013) offers a conceptually rich approach to the 

logics and mechanisms of industrial livestock production centrally focused on the concept of 

‘biophysical overrides’. This conceptualizes efforts made by industrial livestock industries at 

overcoming the multiple and accelerating ‘biophysical contradictions’ ensuing from the 

industrialization of animal lives, with its constitutive biological and social simplifications and 

standardizations enabling economies of scale. These contradictions are ‘sources of long-term 

instability’ (Weis, 2010: 316) for industrial livestock and, fundamentally, for socio-ecological 

sustainability in driving environmental degradation and deeply unstainable resource use. 

Multiple susceptibilities to diseases are prime examples of such contradictions, or even more 

ominous for human societies, the rise of novel pathogens with pandemic potential such as 

avian influenza virus H1N7 (Wallace, 2016). Livestock industries and their suppliers have 

continuously sought to overcome these barriers and potential crisis-generating limitations 

through the application of techno-scientific inputs and innovations of various, increasingly 

sophisticated sorts: ‘biophysical overrides’. As Kloppenburg explored in the realm of seeds, 

the override of limitations to natural yields is among a whole set of overrides at work in the 

operations of industrialization animal agriculture. Indeed, the very transformation of animal 

husbandry into industrial operations, Weis argues, pivots on the logics of overriding 

constraints first posed by biophysical nature, and then, in the next instance, produced by 

industrial livestock itself. The manifold unintended and/or externalized consequences of the 

pursuit of economies of scale through animals in terms of soil degradation, pollution, 

greenhouse gas emissions and, of course, the ramifications for animal health, physiology and 

well-being, are documented in grueling detail in Weis’ book The Ecological Hoofprint Weis 

(2013), a centerpiece of the recent political ecology of industrial livestock.  

 

Weis’ account includes key passages outlining the centrality of poultry, and indeed chickens 

in particular, to the broader interplay between techno-science and biophysical overrides. 

‘More than any other species’, Weis also writes, ‘chickens have been at the vanguard of the 

technological innovations in industrial livestock production. A fundamental part of this was 

their genetic specialization into meat “broilers” and egg “layers,” reared in distinct systems’ 

(Weis, 2013: 109). Already in the 1910s and 1920s, ‘poultry science’ emerged as a defined 

field of techno-scientific innovation, much earlier than other livestock sectors, from an early 

phase focused on the manufacturing of engineered broiler organisms (Boyd et al., 2001). 

Techno-scientific engineering of poultry chick organisms to accelerate biophysical 



productivity was thus central to the so-called ‘Tyson model’ of agro-industrialization, 

originating in the US south, named after chicken entrepreneur John Tyson, who pioneered 

vertical integration from the 1930s onwards and subsequently established a food empire 

Tyson Foods, presently the world’s second largest poultry processing firm (Boyd, 2001; 

Striffler, 2005). The Tyson model is based on ‘growers’ responsible for raising broilers under 

contract farming schemes set by ‘integrators’ that determine the conditions for growers’ 

performance. Consolidated in the US, the Tyson Model is globalizing at a rapid pace 

(Winders and Ransom, 2019). As Watts (2004: 51) relates, the commodity chain is 

characterized by multiple techno-scientific interventions where the ‘emergence of the 

“designer chicken” establishes the extent to which nutritional and genetic sciences have 

produced a cyborg broiler to fit the needs of the industry’. This system taken to its logical 

conclusion was visible ‘as early as 1962 [when] an industry trade magazine described “the 

modern layer” as being “only a very efficient converting machine” between feed and egg’ 

(Weis, 2013: 109). In this view, the development of male chick culling can be seen as an 

intrinsic aspect of the broader trajectory within agro-industrialization of objectification and 

ultimately, mechanization of nature (Merchant, 1980; also see Holloway, 2007; Arcari et al., 

2020). Indeed, as we will relate, ongoing attempts at solving the brother layer problem point 

towards developing new forms of ‘cyborg layers’. 

 

Cyborg layers may be seen as a constituent part and product of increasingly ‘troubled 

ecologies’ that, following Besky and Blanchette (2019), are emblematic of intensified 

capitalization of nature in the contemporary world. The notion of troubled ecologies takes 

‘spaces like the factory farm not as perfections of capital’s capacity to exploit nature but as 

experimental (and remarkably unstable) projects on and with other beings’ that ‘require 

constant maintenance and care’, not least to ensure economic viability (Besky and Blanchette, 

2019: 6). As Blanchette (2019: 64) remarks based on ethnographic work in industrial pork 

systems, such maintenance can amount to ‘remaking species into different kinds of biological 

and capitalist creatures’. Cyborg layers are thus by no means unique for industrial livestock 

industries’ efforts at managing evolving fragilities in troubled ecologies. 

 

What may threaten certain industry actors may simultaneously nourish others, as Boyd et al. 

(2001) indicated by thinking of the ‘problem of nature’ as ‘obstacles, opportunities and 

surprise’. For our purposes, the pursuit of solutions – ‘fixes’ – to barriers to and crises of 

profit can nurture new industrial subsidiaries, suppliers and, generally, techno-scientific 

enterprises and innovations of various kinds. Guthman’s (2019) political ecological account 

of the Californian strawberry industry reveals the numerous techno-scientific (‘epistemic’) 

communities, both public and private institutions, embroiled in the response to both 

pathogenic profusion and moreover, agro-industrial systems that face ‘constant change – and 

sometimes crisis’ (Guthman, 2019: 16). This lens helps us observe the contours of what we 

conceive of as an evolving ‘economy of repair’, that is, a growing constellation of actors and 

their (profitable) efforts to effectively stabilize the industry (particularly in relation to 

problems of its own making).3 We will in the following return to instances of public-private 

industry support that can be usefully thought of as institutions of repair responding to 

biophysical contradictions in poultry, including specifically the ‘brother layer problem’. 

Weis’ formulation of biophysical overrides can also be usefully linked to broader political 

                                                           
3 This notion is related to research on the profitable repair work of damage done to nature 

(e.g. Huff, 2021, Fairhead et al., 2012), but for our purposes steered towards the agro-

industrial responses to accelerating biophysical contradictions, drawing on Guthman (2019). 
 



ecological concerns for the neoliberalization of nature, where the pursuit of ‘fixes’ to socio-

ecological crises and constraints collide with the pursuit of economic profitability: the 

proverbial neoliberal ‘win-win’ (see e.g. Bakker, 2010; Ekers and Prudham, 2017). Relating 

the neoliberalization of nature literature to biotechnological interventions in industrial 

livestock, Cooper (2017: 814) points out, ‘Much of this work, however, pays little or no 

attention to the role of technology in the production or resolution of environmental crisis’. In 

revisiting Boyd et al.’s ‘problem of nature’, Carton et al. (2017) point out that the original 

thesis needs to be extended beyond its initial industrial focus to encompass concerns for 

environmental sustainability. In this view, the engineering of genetic code is not solely a 

matter of the pursuit of capital accumulation but also part of a broader encounter with societal 

pressures for environmentally friendly and ethically acceptable animal agriculture, for 

example. It is at this nexus of capitalist imperatives and those of a 21st century juncture of 

climate, environmental, social and – for some, increasingly vocal, advocates – animal justice 

and ethics that we need to locate responses to the brother layer problem. To understand how 

responses and their implications for food futures revolve around ethical dilemmas, we turn to 

insights from (critical) sustainability studies. Having seen that techno-scientific solutions 

have emerged as key to how the capitalist livestock industry seeks to ‘fix’ its limitations and 

ensuing crises – past and present – we will see that the pursuit of ‘ethical sustainability’ 

likewise centers on techno-scientific fixes. 

 

‘Ethical sustainability’: Another fix in the mix 

Arising from the Brundtland report’s call for a ‘sustainable development’ to ‘meet the needs 

of present generations without compromising the capacity of future generations to meet their 

own needs’ (Brundtland, 1987) and the term’s translation into an emerging global 

environmental governance regime that prevails today (Gomez-Baggethun and Naredo, 2015), 

the ‘sustainability studies’ interdisciplinary scholarship explores notions of sustainability in 

policy and practice. Yet much sustainability studies and education ‘have typically accepted 

the prevailing socioeconomic and cultural paradigm’ (Ferreira, 2017), evident in the prolific 

claims of sustainable and green growth. Therefore, a ‘critical’ sustainability scholarship has 

also emerged, drawing on diverse disciplinary toolkits to ‘reveal intertwined social and 

economic systems of oppression in an age of global capitalism’ (Rose and Cachelin, 2018: 

521). More specifically, the intention of a critical sustainability inquiry is to shed light on the 

‘contradictions, challenges, and problematics’ of the ‘practices, discourses, and engagements’ 

of so-called sustainability by considering, for example, ‘the tensions inherent in a 

sustainability based in efficiencies and technological fixes’ (Rose and Cachelin, 2018: 524). 

Such an agenda resonates well with the concerns associated with a political ecology 

perspective and invites specific scrutiny of language of sustainability and associated 

practices. 

 

As discussed, the rationale behind the industry/biotech efforts to respond to the ‘brother layer 

problem’ is bound up in ethical, economic, and environmental concerns that increasingly 

result in sustainability claim-making. The discursive and especially technological responses 

by the industry, which we present in the next section, can be seen as attempts at stabilization 

under material and perhaps, existential threats. Environmental aspects here refer to the waste 

of eggs for consumption, conceivable as ‘food waste’ – a keyword in contemporary 

sustainability narratives (e.g. Makov et al., 2020). This is preventable if the male eggs can be 

identified before incubation and so put towards food and feed production. Concern for 

environmental sustainability also demands attention to the substantial energy and other 

material resources spent for the production of male layers that end as ‘waste’. All of this 

anticipates economic hurdles – specifically, unintentional waste as threat to profit. This final 



issue, also constituted by potential savings in wages, disposal, etc., is likely at the foreground 

of driving responses by industry and biotech, although it converges with and is exacerbated 

by the environmental and ethical dilemmas, not least due to the advocacy of animal rights 

and environmental activists. Ethical concerns raised by civil society groups about industry 

practices such as male chick culling as well as battery cages have escalated in several places, 

most notably the EU and the USA (e.g. Animal Equality, 2021; The Human League, 2021) 

and have driven change in policy and practice in a few European countries (e.g. Dahm and 

Pistorius, 2021). Research in consumer awareness, concern and ‘willingness to pay’ for 

alternative production practices is also increasing and iteratively providing further impetus 

for policy action (e.g. de Haas et al., 2021; Busse et al., 2019; Gremmen et al., 2018). 

 

Although male chick culling powerfully invokes ethical dilemmas related to animal welfare, 

we also recognize the efforts of environmental and climate justice movements to connect 

unsustainable environmental practices (e.g. wasteful or excessive energy and resource 

consumption) to harm on especially vulnerable human groups and on other species and 

ecological systems. Through this wider ethical lens in relation to the brother layer problem – 

which industry actors are aware of and will attempt to make use of – we envision their pursuit 

of what we wish to term ‘ethical sustainability’. Understood conceptually, ethical 

sustainability can help unpack the ways in which an ostensible pursuit of ethics within 

particular social contexts may obscure an overarching objective of continued profitability. Put 

differently, we are concerned with whether and how industrial responses to this issue are 

constructing an ethical veneer that bridges mounting concerns about animal welfare and 

environmental sustainability, within a prioritization of economic profit. The extent to which 

such ethics are fulfilled is delimited to narrow spaces themselves best suited to current 

‘fixes’. As such, they preclude the much more expansive ethical dilemmas stemming from 

how humans predominantly engage today with other species and the rest of nature (Gjerris, 

2015). Echoing and merging terms such as ‘green washing’ and ‘welfare washing’ (Bjørkdahl 

and Syse, 2021), we suspect that the term ‘ethical sustainability’ could join what Leary 

(2019) calls ‘the new language of capitalism’, a lexicon of ambiguous words co-opted into 

the service of profit-making.  

 

Thus, conceptualizing industrial poultry in terms of its capitalist imperatives driving 

technological fixes, alongside its emergent sustainability imperative shaping fixes towards an 

‘ethical sustainability’, we seek to understand the present and proposed biotech responses to 

the industry’s ‘brother layer problem’. In the following empirical section we will explore: 

how do actors embroiled in this ‘problem’ frame and pursue the challenges and solutions? 

 

Present and proposed ways of tackling the ‘brother layer problem’ 

As described by several recent review papers, ‘the race to find a sustainable solution (…) is 

on’ for the ‘brother layer problem’ and ‘much research has and will be devoted to 

alternatives’ (Gautron et al., 2021:1; also see Krautwald-Junghanns et al., 2018). The triple 

win of ethics and environmental and economic incentives also drives some big-money prizes. 

This includes the forthcoming ‘Egg-Tech Prize’, which ‘seeks to revolutionize global egg 

production by offering up to $6 million in prizes to develop a technology that determines an 

egg’s sex before it hatches’ (FFAR, 2021). Framed as a philanthropic initiative, the Egg-Tech 

Prize was established by the US Foundation for Food & Agricultural Research. Some 

European countries, notably Germany and France, are also providing millions of euros in 

research support for viable alternatives (van de Braak, 2022; Gautron et al., 2021), revealing 

the emergence of public-private collaborations – shaping what we suggest should be 

understood as an ‘economy of repair’ around the brother layer problem.  



 

In the following, we describe and then analyze present and proposed techno-scientific 

innovation and experimentation, which are closely intertwined with such public-private 

institutions of repair. We acknowledge the still tenuous position these solutions hold vis-à-vis 

dominant industry practice (see Gautron et al., 2021). Nevertheless, we expect ‘solutions’ – 

driven, as we will show, by the joint pursuit of techno-fixes and ‘ethical sustainability’ – to 

gather momentum over the coming years. This will be due not the least to the increasing 

pressure for animal ethics in some countries with industrialized poultry production, coupled, 

of course, with pressure for profit margins. Taken together, as we elaborate further in the 

conclusion, we suggest that these emergent solutions as presented below have the potential to 

foreclose alternative food futures in animal agriculture and further intensify the hegemonic 

trajectory of agro-industrialization in the face of rising pressure in the 21st century.  

 

‘In ovo’ sexing 

One major vein of research, in development especially over the past decade, aims to identify 

and thus eliminate male embryos prior to hatching, through ‘in ovo’ sexing approaches. In 

ovo sexing methods assume that male and female embryos exhibit distinct features 

(anatomical, physiological, molecular and genetic) during egg incubation (Gautron et al., 

2021). Methods under development are based on sex chromosomes, sexually dimorphic traits 

or molecules and spectral properties of eggs containing male or female embryos. Put more 

simply, technicians can sample and test the egg cells or fluid, or use technologies to see 

inside. Some methods are universal while others target select genotypes. Hein (2018) and 

Gautron et al. (2021) provide detailed reviews of the various in ovo sexing techniques. To be 

considered ‘operational’, sexing methods must be effective at an industrial level, that is, they 

must fulfill prerequisites of speed, be inexpensive, highly accurate and avoid negative 

impacts on ‘chick hatching rate, health and performance’ (Gautron et al., 2021: 5; Krautwald-

Junghanns et al., 2018; Kaleta and Redmann, 2008). 

 

Only two methods are commercialized and currently in use by segments of the poultry 

industry. The German company PLANTEGG has developed a PCR (polymerase chain 

reaction)-based DNA testing method using allantoic fluid that contains embryonic cells 

(Plantegg, 2020).4 The technology is described by Plantegg (2020): The hatching eggs are 

transferred to a robot, which first creates a tiny opening in the hatching egg with the help of 

a laser beam. A few drops of the allantoic liquid are taken from this opening with a pipette 

and transferred to test tubes. The allantoic fluid contains genetic material (DNA) which 

provides enough information for a genetic examination. The allantoic fluid is combined with 

a reactive medium and transferred to a PCR machine. There the multiplication of the specific 

DNA of the gender chromosomes takes place, so that male and female hatching eggs can be 

determined with high precision’.  

 

Following this procedure, female eggs are returned to the hatching process, while male eggs 

are either disposed or used for other purposes such as animal feed. Some even anticipate 

embryo fortified shampoo in the future (Physics World, 2016) and ready markets for male-

fertilized eggs in the cosmetics and tanning sectors (Watson, 2021). PLANTEGG’s managing 

director claims, ‘This is an industrial applicable system that fully meets all the poultry 

industry’s requirements for high precision, fast throughput and large capacity. It means that 

chicks killing can be dispensed with comprehensively’ (Physics World, 2016). 

 

                                                           
4 See PLANTEGG’s promotional video at https://www.plantegg.de/en/. 



The Dutch–German company Seleggt has developed a process to detect a hormone present in 

high quantities in female eggs, in a process ‘similar to a pregnancy test’ (le Blond, 2018). 

Mixed with fluid from fertilized eggs, this hormonal biomarker turns blue for a male and has 

achieved a 97% accuracy rate (Seleggt, 2019) which, as of mid-2019, sexes eggs at one per 

second (3600 an hour) and thus enabled 30,000 ‘no-kill’ female chicks to hatch in Germany 

every week (Reid, 2019). The German Federal Ministry of Food and Agriculture has invested 

millions of euros in the development of the Seleggt technology (Reid, 2019). The 

independent company Respeggt employs Seleggt technology to support hatcheries in sex 

identification. Since 2018, the heart-shaped ‘Respeggt’ labeled eggs have been sold in 

Germany at a few cents more per egg. Pointing out that ‘chick culling is a worldwide 

phenomenon that poses an ethical dilemma for society’, Respeggt invites all egg value chain 

actors to ‘use hearts and minds’ to ‘end chick culling with us’ (Respeggt, 2021).  

 

In all these techniques, sampling embryonic-derived cells or extra-embryonic fluids implies 

invasive or semi-invasive techniques (egg opening/eggshell drilling) that threaten egg 

viability. As Gautron et al. (2021: 6) note, a non-invasive technique would likely supplant all 

of the above approaches, the ‘most promising’ of which to date are based on spectroscopic 

methods, applied to the whole egg. Spectroscopy is the study of the interaction between 

matter and electromagnetic radiation as a function of the wavelength or frequency of the 

radiation. Methods include hyperspectral imaging applied to egg sexing, as developed by for 

instance Agri Advanced Technologies (AAT) in Germany. Hyperspectral imaging collects 

and processes information from across the electromagnetic spectrum in order to identify 

objects, materials or processes. AAT’s hyperspectral measurement technology is sold under 

the product name CHEGGY and is already in use.5  

 

Under this approach, eggs are illuminated from below and a spectral image taken from above 

is then computer analyzed, using programming to identify gender-specific plumage colours in 

brown layer chick lines. AAT is also working with the Raman-spectroscopic method, 

currently in research, a technique that can be considered semi-invasive.6  

 

According to the AAT (2021), these ‘technical solutions (…) build on the results of basic 

research and use the practical know-how of hatchery specialists from its affiliate companies’, 

a dynamic that again reveals the public-private economy of repair at work. Indeed, a 2016 

article in the magazine Physics World described the advances by researchers at the Dresden 

University of Technology and the University of Leipzig in Germany to use laser spectroscopy 

methods to determine egg sex, a technique that the magazine forecasted, ‘which will soon be 

applied commercially’ (Physics World, 2016). 

 

Another approach entails the combination of spectroscopy plus biosensors, that is, devices 

that use a living organism or biological molecules, especially enzymes or antibodies, to detect 

the presence of particular chemicals. This approach was pursued under the SOO project of 

the French company Tronico and the French National Centre for Scientific Research with the 

hope of generating a ‘made in France’ solution and benefitted from millions of euros in 

support from the French government (van de Braak, 2022; Thompson, 2021). However, by 

2021 the research was ‘not considered a success’; and Tronico ‘paused its egg development 

                                                           
5 See the CHEGGY promotional video at 

https://www.youtube.com/watch?v=cjV2BWv08G8. 
6 See AAT’s website for a helpful description of this approach: https://www.agri-at.com/. 
 



project in favor of developing saliva test for Covid-19’ (Thompson, 2021). Finally, genetic 

modification to support in ovo sexing is being developed, utilizing the related optical 

technology known as spectrometry, as described in the section on gene editing further below. 

 

The potential for chicken embryo pain (determined already in the mid-1990s, see 

Rosenbruch, 1997) is also shaping regulation on biotech responses to early intervention, 

particularly for in-ovo approaches. As described by Krautwald-Junghanns et al. (2018), sex 

determination ‘should be performed before the sensory nervous system’s response of the 

chick embryo to certain or potentially harmful stimuli is developed, which according to 

current knowledge is before the d 7 of incubation’. In forerunner Germany, farmers will soon 

be required to use technology to prevent male chicks from being born in the first place, by 

identifying their sex before hatching, and by 2024, only methods used much earlier in the 

incubation process will be allowed (DW, 2021). The Bundestag said it wants to give the 

farming industry time to adapt to the new legal situation (DW, 2021). 

 

Fattening and dual-purpose chickens 

Another proposed solution to the problem of brother layers includes several ways of 

attempting to utilize male layers in the broiler sector – that is, for their meat. From an ethical 

perspective, whereby the dilemma encountered relates to public discomfort with ‘a life not 

lived’, some irony emerges when the solutions are cast in blunt terms (if unintentionally) by 

scholars Bruijnis et al. (2015): ‘Killing day-old chicks can be prevented by searching for an 

alternative where the males are killed when older’. Krautwald-Junghanns et al. (2018) 

describe attempts to make economically feasible the use of the male layer offspring, such as 

the fattening of ‘laying hen brothers’ by feeding them ad libitum; however, the male layers 

reached ‘intended carcass weight’ of about 650 grams only after 47 days, as compared to 19 

days for broilers. As described by Seleggt (2018), ‘This method is considerably more 

expensive than rearing broilers since layer brothers take much longer due to their very slow 

growth, the feed conversion of these animals is much poorer, and the consumer does not 

prefer their type of breast meat. Consequently, layer brother fattening will remain a niche 

solution in the future’. 

 

Another method under consideration is to crossbreed layers and broilers to create ‘dual 

purpose’ chicken; however to date, the intended dual-purpose strains remain less efficient and 

compete economically in neither the meat nor egg market. Although some poultry breeders 

are exploring the development of a cost-effective dual-use breed, the fact that laying 

performance and the muscle growth in the genetic material of poultry correlate negatively 

(i.e. they practically exclude each other, Seleggt, 2018), has produced what Bruijnis et al. 

(2015) describe as a systemic ‘lock in’, that is, the contemporary production system ‘has 

developed to be so efficient with a comparatively small environmental impact that it is 

impossible for any competing systems to be established, either ethically or indeed 

economically’ (Gautron et al., 2021: 7). Dual-purpose chickens bear higher environmental 

costs as they demand more resources to produce the same amount of food. Feed-to-meat 

conversion ratios stand at over four as compared to approximately 1.6 for broilers on top of 

their laying approximately 50 fewer eggs annually (Giersberg and Kemper, 2018). Claims of 

the ethical superiority of such a system may thus be undermined. Busse et al. (2019) conclude 

that without legislation, dual-purpose chickens will also likely remain a niche product, 

demanding substantial marketing. Nonetheless, efforts towards this end are still underway in 

biotech, such as by the Dutch multi-species breeding, genetics, and technology company 

Hendrix Genetics working with French poultry breeding firm Sasso (van de Braak, 2021). 

 



Re-sexing 

Attempts are also being made to actively sex eggs after laying has occurred. One such 

approach, aiming to change ‘the effective sex of poultry embryos as they develop’ and 

thereby ‘make commercial hatcheries kinder and more economic’, is being pursued by the 

startup Soos Technology (Corbyn, 2021). This intervention engages with ‘another level of 

complexity’ with regard to chicken biology (Gautron et al., 2021: 5). Namely, that ‘the 

primary sex-ratio of fertilized eggs does not necessarily reflect the sex-ratio at hatch, which 

suggests that a sex-dependent selection during incubation depending on the genetic 

background and age of laying hens may occur’ (Gautron et al., 2021: 5; also see Klein and 

Grossmann, 2008). In other words, the biological sex of a chicken can change during 

incubation – due to the greater genetic plasticity of birds as compared to mammals (Smith 

and Sinclair, 2004) but also as an outcome of active intervention. Male chickens according to 

primary determination may thus become ‘feminized’ such that they ‘efficiently lay eggs at 

sexual maturity’ (Gautron et al., 2021: 5).  

 

Founded in 2017, Soos is using $3.3 m in investment and prize winnings including from the 

US-based public-private-research partnership and ‘food and ag tech business competition’, 

Grow-NY, to develop an AI-driven software-controlled, customized incubation cell. This cell 

‘affects the sex development process in chicken embryo and results in more functional female 

chickens that lay eggs’ (Grow, 2020) or as Gautron et al. (2021) describe, ‘to reverse males 

into female chicks’. Specifically, the technology exposes eggs to sound vibrations which, the 

company claims, alters the gene expression in developing male embryos, so rather than testes, 

an ovary forms instead (birds have only one). The company claims its experiments are 

currently producing batches of chicks where 60% are observably female, and it appears 

hopeful that the rate will increase. Short on neither pomp nor ambition, SOOS CEO aspires to 

‘save’ male chicks with a ‘final goal’ of nothing less than ‘every incubator in the world to 

implement our technology to solve the male chick culling practice’ (NR Soos Technologies, 

2022). 

 

Gene editing technology for sex identification/sex determination 

Gautron et al. (2021) refer to the ‘well-known’ influence of environmental factors such as 

diet, physiology, hormonal status and genetic background on primary avian sex ratios, noting 

too the relatively modest effects of interventions to date that employ such knowledge (also 

see Klein and Grossmann, 2008). Consequently, scientific and industry interest in gene 

editing or transgenesis remains high. Research into gene editing is pursuing gender-specific 

markers to support early detection and even to actively sex, that is to create all-female or all-

male offspring. 

 

A 2021 paper in Nature Communications indicated that scientists employing the gene editing 

technology CRISPR-Cas9 have created female-only and male-only mice litters, a procedure 

with great relevance for the poultry layer industry (Douglas et al., 2021). The CRISPR-Cas9 

genome editing technique is built upon CRISPR, a family of DNA sequences found in the 

genomes of prokaryotic organisms such as bacteria, and Cas9, an enzyme that uses CRISPR 

sequences as a guide to recognize and cleave specific strands of DNA that are complementary 

to the CRISPR sequence. The development of the CRISPR-Cas9 genome editing technique 

was recognized by the Nobel Prize in Chemistry in 2020, with the findings hailed by the 

poultry industry as ‘a genetic solution for the male chick layer dilemma’ (Douglas et al., 

2021). A senior lecturer in molecular genetics and reproduction described to a poultry 

industry news site that: ‘We have developed a method for 100% efficient sex selection of 

offspring sex in mice, and we believe this will be readily adaptable to other species including 



livestock, should public opinion and legislation allow for the use of this type of genetic 

technology in the food chain’ (Douglas et al., 2021). 

 

As this quote suggests, public acceptance of genetic modification in the food sector remains 

low, especially in European countries (Gremmen et al., 2018; Frewer et al., 2013). In the UK, 

potential relaxing of legislation surrounding animal gene editing has triggered public 

attention, with animal welfare advocates invoking perceived tensions between the possibility 

for relieving animal suffering (i.e. male chick culling) and the dangers of further entrenching 

factory farming (Ghosh, 2021). Such concerns have not stopped the Bill and Melissa Gates 

Foundation funded Alliance for Science initiative at Cornell University from celebrating 

CRISPR gene editing as the ‘humane’ way to ‘create more ethical eggs’, praising Israeli 

startup eggXYt for pioneering these methods (Cremer, 2021). Branded as seXYt, this 

scanning technology relies upon a biomarker within the sexual chromosome of gene-edited 

chickens such that males can be detected using fluorescence imaging (spectrometry), with a 

claimed 100% reliability. Importantly, this genetic modification only affects the male eggs, 

so the female eggs that continue on to human food production remain ‘untouched’ (EggXYt, 

2019). That this approach is non-invasive (in terms of the eggshell) and can be put to use 

from ‘day zero’, that is just after laying, arguably puts it ahead of already commercialized 

approaches such as Respeggt ‘no-kill’ eggs that rely on a semi-invasive technique at around 

day 9 of incubation, albeit with the caveat of its ‘GM’ association, perhaps especially for 

EU markets (Watson, 2021). While emphasizing ethical aspects, eggXYt CEO 

simultaneously invokes the potential to enhance profitability, claiming that CRISPR can 

‘fundamentally change the economics of the poultry and egg industries’ and further – 

building ethical momentum for his business enterprise – that the technology could even help 

‘eliminate disease and starvation in our world’ (EggXYt, 2019). 

 

Foreclosing alternative food futures? 

Through exploring the drivers and nature of problem identification and response to the 

‘brother layer problem’, we can observe the pursuit of various ‘fixes’ to overcome barriers to 

accumulation through techno-scientific innovation alongside discursive practices featuring 

ethical framings. Key questions that emerge from this include: To what extent are current 

trends in public/civil society demands and regulation actually constraining accumulation, and 

to what extent do the various ‘fixes’ overcome them? Further and foremost, what do these 

‘fixes’ imply for the future of food systems? 

 

Although we could certainly wonder whether the ethical/environmental ‘damage’ of male 

chick culling only becomes seen as reparable once it becomes economically viable (or less 

economically significant) due to technological developments, and while evolving perceptions 

of threat and possibility are difficult to disentangle, we do believe that public demands and 

regulatory changes, even if narrow in scope today (i.e. existing in few countries), constitute a 

significant and growing perceived threat to capitalist accumulation. In 2015, Bruijnis et al. 

predicted a stalemate, describing the potential for a ‘moral lock in’ of ‘morally inferior’ 

current practices. This may occur because the proposed alternatives to male chick culling 

today seem to address only some of the current dilemmas and also, as we have mentioned, 

introduce new dilemmas related to environmental sustainability, GM controversies and/or 

animal welfare – thereby undermining themselves. Yet evidence of the threat of barriers to 

accumulation is clear and growing in the extent of interest and investment we have 

documented above, and we anticipate this trend will continue and practices to change in more 

countries. 

 



The extent to which the various fixes overcome the barriers to accumulation will depend 

upon an evolving context of social and technological trends, not only potential pathway 

dependencies but also factors as yet unknown. Still, the expansion of biotechnology has 

proven a key mechanism for the continued capitalization of nature – as the scholarship on the 

variegated, constantly evolving ‘overrides’ (Weis, 2013) to biophysical problems and barriers 

reviewed above attests (also see Cooper, 2017; Guthman, 2019). Discursive creativity to 

establish public perceptions of ‘ethical sustainability’ in the sector is also a key innovation to 

overcoming barriers. The deployment of ‘ethical sustainability’ (as we call it) within bio-

/agri-food tech has been recently observed in the response to Covid-19 pandemic, and 

Reisman (2021) concludes that while some gains may be made, agri-food tech claims of e.g. 

improved food safety, security and resilience, ultimately mask the depoliticizing potential of 

such tech in its current form. We believe that such depoliticization is also likely to follow the 

uptake of ‘ethically sustainable’ fixes presented here, effectively muting struggles for multi-

species rights and justice (Kirksey and Chao, 2022). 

 

What the ‘brother layer problem’ and its proposed ‘fixes’ also reveal is that such 

capitalization of nature has once again opened new possibilities for accumulation – for 

certain actors. This new ‘economy of repair’ entails an expanding matrix of actors, 

institutions and investments revolving around ‘repairing’ the poultry industry from problems 

of its own making. An interesting question is who will invest in (and profit most from) the 

emerging economy of repair. What we have shown above points towards a prevalence of 

start-up firms actively seeking techno-scientific innovations, a finding that resonates with 

recent agro-food scholarship on the dynamics in such areas of techno-scientific 

experimentation as digital and precision farming (Clapp and Ruder, 2020) as well as the 

tendency for start-ups to pursue ‘solutions’ to agro-industrial challenges, steering these 

towards expected agro-food futures as much as present circumstances (Reisman, 2021). To 

what extent larger, more consolidated agribusiness firms come to invest in ‘brother layer 

solutions’ will be consequential for the further trajectory of agro-industrial development in 

the sector. 

 

Drawing on our political ecological lens, we must also anticipate that ‘fixes’ may produce 

new problems. This is a key aspect of implications for food futures. What new or emerging, 

problems and unintended consequences may arise with ongoing techno-scientific innovation 

and experimentation on male layer chicks? In line with Weis (2013), some of these can be 

located at the level of environmental impacts, such as energy use. Although eliminating the 

energy waste of needless incubation is part of the ‘sell’ of new and broadly conceived 

‘ethically sustainable’ approaches, in light of the biotech responses we review above, we 

should also be attentive to the energy and material inputs they too require. Comprehensive 

‘life cycle’–type analyses could shed light here.  

 

Further, what might emerge following new forms of ‘cyborg layers’ constituted by a host of 

technological interventions to submit the species to the requirements of capital? The global 

poultry and egg news site WATTPoultry recently speculated upon microcomponents 

‘implanted in the hatchery, directly in the egg’ to ‘help hatchability (…) or already implanted 

in birds, stimulate the feed consumption (…) help the metabolism to direct nutrients for the 

formation of muscle or egg protein, or (…) regulate egg production through hormonal 

stimulation’ (Ruiz, 2019). The article further pondered, ‘Could [microcomponents] be 

included in the feed?’, raising additional questions about risks in relation to an unruly 

multitude of non-industrial species who also consume industrial feed, despite farmers’ best 

efforts.  



 

We follow Besky and Blanchette’s (2019: 3) call to ‘take seriously the capacity of the 

nonhuman world’ to work with us, but perhaps also against us (and irrespective, upon us). 

And for now at least, unintended outcomes of for instance gene editing endeavors, such as 

problematic mutations, are not uncommon (Gorvett, 2021). But what we aim to do here is not 

to take a position on genetic modification per se, but to raise questions on the host of 

intensive, corporal manipulations in the service of capital, whereby we can observe time and 

again that incremental ‘gains’ from fixes like GM endeavors for non-capitalists (human and 

otherwise) are at best partial and often, iatrogenic (referring to the problem of a cure for one 

illness causing another sort of illness, see Guthman, 2019). Such experimentation with 

chickens’ biological beings for commodity production, such as via GM or by pushing at the 

boundaries of the species’ genetic plasticity to induce feminization, invokes the notion of 

‘troubled ecologies’, that is ‘spaces that “trouble” foundational analytic categories’, 

as well as ‘sites that are exhausted and overworked but that also require ever more work to 

remain economically viable’ (Besky and Blanchette, 2019: 6–7). Chicken embryos, within 

this ‘economy of repair’, could arguably constitute both. 

 

Within fragile ‘troubled ecologies’ that require diligent management (Besky and Blanchette, 

2019), we anticipate continued iterations of maintenance directed towards economic 

profitability that will probably, occasionally, also be confounded by unforeseen consequences 

that jeopardize accumulation. Yet, we are foremost concerned with the stabilizing and 

narrowing effects in the medium and perhaps longer terms, of the innovations and sectoral 

realignments underway in ‘fixing’ the brother layer problem, shaping a form of 

‘technological present-future’ where these technologies contribute to delimiting the ‘future 

space of possibles’ (Ouma and Premchander, 2022: 414). 

Whilst assessing ethics standpoints on male chick culling, Buijnis et al. (2015: 946) at one 

point acknowledge, ‘One could argue that (…) the whole egg sector should be questioned 

when addressing the issue of killing day-old chicks’. Yet they also assess, ‘However, most 

people in society accept that animals are kept for the production of food (…) [and] worldwide 

consumption is increasing rather than decreasing, and demand for animal protein will 

increase (…). With these prospects, it is not realistic to expect the production of eggs to be 

stopped completely, replaced entirely by plant-based imitation eggs or made substantially less 

intensive. From this starting point, we have to look for alternatives within the egg production 

chain’. Reluctance to question the structuring logics of capitalist agriculture, however, will 

only take us so far. Indeed, there is an unmistakable tendency for such assumptions of food 

futures to coalesce with, rather than challenge, existing industry imperatives. 

 

Concluding remarks 

Conceptualizing industrial poultry in terms of its capitalist and emerging sustainability 

imperatives, we have reviewed how actors embroiled in the ‘problem’ of male layer chicks 

frame and pursue the challenges and solutions. Contemporary biotechnological fixes 

represent a dubious ‘ethical sustainability’ within an expanding ‘economy of repair’ that 

further dissolves the public/private divide within the logics of the dominant capitalist agro-

industry. Restricting possible alternative futures, the techno-scientific and ethical 

sustainability ‘fixes’ we describe in this paper conjointly work towards stabilizing capitalist 

animal agriculture in the face of rising pressure in the 21st century. 

 

Emergent solutions to the problem of brother layers seem to obviate parts of the killing 

involved in industrial poultry. In other words, we recognize that these technological 

interventions may help prevent up to seven billion deaths annually, and moreover, ease some 



of the contradictions within capitalist agriculture’s exploitation of animal life. We recognize 

too, the tension produced in our critique, which may be read as a call to effectively let 

contradictions stand (in service to hope for food system transformation?). Yet, we are 

compelled to point out that while this obviation of killing may give the semblance of 

increased ‘ethical’ operations in the industry, it does not seek to touch the basic operations of 

an entire industry built around industrialized modification, rearing and killing of animals for 

profit. This is obvious, perhaps, but devastating to claims about ethical sustainability as 

anything more than a ‘fix’. It is for this reason that we wish to cast a critical eye on the 

pursuit of ‘ethical sustainability’, namely to draw attention to the ways in which companies’ 

ethical claims become embroiled in profit- and growth-oriented sustainability discourse and 

practices. This echoes what Gjerris (2015) has called a societal ‘willed blindness’ that enables 

self-understandings of morality ‘although our lack of reaction to the effects of our actions 

tells another story’. 

 

We notice, for instance, that fixes that give ‘purpose’ to living male layers, either for meat or 

as feminized egg layers, also paradoxically set them on course to join their siblings’ short and 

narrow futures: approximately one to two years for female layers and just six weeks of life 

for the typical broiler, both far shy of the life span of non-industrial chickens that can reach 

10+ years (also see Wadiwel, 2016). That layer hens are killed once their egg productivity 

declines, again often after just one to two years of optimized laying of average 500 eggs per 

year (Harris, 2019), is perhaps another ‘thinly veiled’ industry secret that if brought to public 

attention, could spur change. But change of what nature? Recent discussion on ‘finding 

value’ in the ‘spent carcasses’ of layer hens (Harris, 2019) suggests responses similar to those 

in the male layer problem, signaling an ‘ethical sustainability’ that centers profit. 

 

As Gautron et al. (2021) note in a recent edition of the industry-oriented scientific journal 

Animal: ‘economic, environmental, ethical and consumer pressures (…) will continue to 

evolve in the next decade and if supported by a strong research and development effort, a 

more efficient and ethical egg-laying industry should emerge’. Yet as Danovich (2021) 

elegantly points out, while biotechnological ‘fixes’ are on the way, ‘the broader questions 

that chick culling raises – what we’re willing to do to animals in the name of low prices; what 

we’re willing to do to animals, period – still loom before us’. 

 

Highlights 

• Techno-scientific ‘fixes’ respond to capitalist poultry industry’s inherent dilemmas, which 

are compounded by rising demands for ethics and environmental-friendly animal agriculture. 

• This context opens new avenues for profit-making within an evolving ‘economy of repair’ 

built in part by public resources. 

• Current fixes constitute an ostensible ‘ethical sustainability’ meant to signal both animal 

welfare and environmental improvements. 

• Current fixes appear to stabilize agro-industry, thereby foreclosing alternatives to agro-

industrial intensification. 
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