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Editor’s summary
Fisheries and aquaculture production are key to livelihoods, food and nutrition. Yet over one third of global aquatic harvest is lost or waste. The post-harvest sector, key to reducing these losses, and dominated by women workers, is not well understood. This systematic review synthesizes evidence on equity and equality outcomes of post-harvest practices and technologies aimed at reducing loss and waste in the fisheries sector.
[bookmark: _6tm0na9ko0td]Abstract
Post-harvest practices and technologies are key to reducing global aquatic harvest loss. The lives of post-harvest fisheries workers, over half of them women, are deeply affected by these technologies, but their equity and equality outcomes are poorly understood. This systematic review synthesizes evidence of post-harvest aquatic food processing technology outcomes, showing that persistent inequalities in social structure and norms disadvantage women across a range of technologies, both traditional and improved, especially regarding control over resources. We found that improved technologies bring enhanced productivity and possibly income for workers, yet contracts are often precarious due to pre-existing social inequities. Whilst power and control of resources is more unequal in factory settings, it is not necessarily equal in traditional contexts either, despite offering greater flexibility. More rigorous comparative research, including voices of diverse actors, is key to understand the impacts of different technologies on gender equality and social justice and inform policymaking.
1. [bookmark: _1gchgv5lenoj]Main  
Fisheries and aquaculture are an important source of livelihood, food and nutrition for many of the world’s poorest, supporting worldwide about 67 million people directly and about 492 million people indirectly 1,2. Fisheries and aquaculture provide about 17% of animal-source protein for human consumption3, yet over a third of global fisheries and aquaculture harvest is lost or wasted 4,2. Appropriate post-harvest practices and associated technologies are crucial to reducing loss and waste across the value chain (from handling to storage, processing, packing and sale) 2, improving quality and food safety, extending the shelf life of aquatic foods and improving year-round availability 5,6. They are also critical for the sustainability of aquatic food systems, making them both more resilient and equitable 7.

Historically, fisheries data has focused on the primary sectors of fish catch and production, where women comprise only about 15% of the workforce 6. However, women constitute around 50% of the total workforce in post-harvest fisheries and aquaculture, varying by activity, with proportionally much greater involvement in fish processing and trade 1,2.  Despite significant contributions to post-harvest fisheries, women often remain invisible, are unpaid or underpaid, their work seen as an extension of household work 8,9. Improvements in technology are making these processes increasingly complex, shaped additionally by the flow of migrant workers, changing youth aspirations, and concerns around violence and the reproductive and care burdens of women. While this has resulted in the recognition of and emphasis on considering gender alongside other identities in agricultural research and practice 10–13, to date little attention has been given to aquatic food systems, and post-harvest processes in particular, or to the socio-economic and equity impacts on populations involved in the sector14–18.

Equity, equality, diversity and inclusion are concepts that are now discussed widely in global fora, building on a long history of feminist research and advocacy on gender equality19. Although these concepts reference diverse social groups, women remain a key concern in relation to the post-harvest sector 20. The United Nations’ Food and Agriculture Organisation 21 defines gender equality as “women and men enjoying equal rights, opportunities and entitlements in civil and political life”, while equity refers to the underlying principles of “fairness and impartiality in the treatment of women and men, their rights, benefits, obligations and opportunities”. In this review, we seek to identify differences and nuances in the experience of women and other marginalised groups, depending on whether they are young or old, migrant or resident, poor or with access to some resources, alongside wider issues of social justice based on race or nationality. We ask: ‘What do we know about social justice (equity and equality, alongside health and livelihood) concerns related to different types and technologies of aquatic food post-harvest processing; and how does this differ by age, gender, race, nationality, migrant status and other cultural differences?’

[bookmark: _Int_Y8AT9x0d]We systematically reviewed available evidence on post-harvest technologies in the fisheries sector, to analyse associated social justice concerns and signpost where future research and policy development needs improvement. Locating this review within a food systems framework, focusing specifically on technology as a driver of food system change, we compare insights across processing types and highlight equity and justice issues associated with both improved and traditional technologies.

2.  Conceptual Framework  
Post-harvest processing includes (but is not limited to) canning, drying, smoking, salt curing, freezing, cooling and cold storage, and for each of these processes a range of technologies are available 22–25. For example, in addition to simple sun-drying techniques, drying devices include solar, convective and rotary dryers22,25. Innovation and improved technologies, including mechanisation, have been a major driver of change within the history of agriculture and food systems. Within development settings, definitions of technology focus on the tools, techniques, products and processes by which human capability is extended 26, more recently broadening beyond physical devices to consider the knowledge, piloting and procedures involved, and human engagement and agency within these 27. 
Given the high perishability of fresh fish, manual non-mechanised technologies have been used for many centuries to extend its shelf life and retain its freshness and quality. ‘Improved’ technologies of the last 60 years or so aim to enhance aspects of processing efficiency, food quality through reducing deterioration, safety through controlling pathogen growth, and environmental sustainability 28. Improvements in these technologies often combine manual processes with enhancement of existing physical technologies, sometimes involving the creation of mechanised and systematised processes and environments. Some of these improved technologies can be practiced at home or on a small-scale such as sun-drying, wind-drying and brining, while highly mechanised, automated processes require controlled, factory settings. 
In this review, to accommodate these differences in both the type and scale of the technology used, we categorise these technologies as ‘traditional’ - i.e., home-based, long-standing techniques that have been in place for generations or ‘improved’ – i.e., an innovation or technological change within the last 60 years. The ‘improved’ category can be split into two groups: first, ‘home- or community-based’, small-scale technological improvements that may be more incremental within existing production systems and second, ‘factory-based’, larger volume production systems that may encompass manual processing through to full automation techniques (Table 1). 
	Traditional
	Improved: home/community-based
	Improved: factory-based

	Manual cleaning
Simple sun drying
Smoking
Salting (curing)
Wind drying
Simple convective dryer
Traditional mud kilns
Rafter ovens
Basic drum oven
	Fish-drying machine
Raised racks for sun drying
Closed banda, chorkor, ahotor, cinderblock and similar fish smoking ovens
Gas-fuelled fish smoker
Small cold storage (with electricity)
Improved drum oven
FAO FFT-Thiaroye improved kiln
Solar tent
	Automated cleaning
Mechanised processing
Mechanised packaging




Table 1: Traditional and improved technologies used for fish processing. Improved closed banda ovens add walls to the traditional large smoking banda platforms, retaining heat, controlling the process and improving fish quality. Chorkor ovens are a basic improvement to a traditional fish oven, adding walls and removeable trays to stack fish for smoking. The ahotor oven modifies the chorkor oven with a grate in the oven for fuelwood, which is energy efficient and reduces smoke emission. The cinderblock oven’s mesh grate on top allows vertical laying of fish for smoking. The improved drum oven has a double-walled insulated kiln and can use lower-emission biomass briquettes rather than charcoal. The FAO FFT Thiaroye oven is fully closed and reduces smoke emissions significantly compared to all others. The solar tent is a large ‘greenhouse’ wrapped in polythene plastic used for drying fish naturally and improves quality of dried fish.
The adoption and use of diverse technologies, however, are likely to have differential outcomes, contingent on the social institutions within the particular contexts in which they are introduced 29. To understand equity and equality outcomes more broadly, and specifically in relation to health and livelihoods, we explore different dimensions of gender relations which are likely to influence these outcomes. We examine the gender divisions of labour and individual agency as factors that function at the household level, and the access to and control over assets and resources (including credit and capital) as well as social norms and expectations at the systemic level 30-32. These dimensions provide insights into both individual and systemic (dis)advantages, as well as the scope for institutions to be flexible in the face of new opportunities, together contributing to either positive or negative outcomes 33-35. Further, our analysis draws on an intersectional lens, seeing gender as embedded within other social identities of class, ethnicity, race, etc. 
Figure 1 summarises the conceptual framework we use to examine the impact of post-harvest aquatic food processes and technology, both traditional and improved, across a range of settings, from the home to the community and factory on three sets of outcomes – health, livelihoods, and equality and equity – for women and other marginalised groups. We have adapted previous attempts to analyse gender relations within food systems to enable us to understand the mediating factors that could explain these particular outcomes.
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[bookmark: _uvd3ehponefm]Figure 1: Impact of gender and intersectional inequalities on health, livelihood and equity outcomes of fish processing technologies (adapted from 31,36). Drawing on a food systems framework, this conceptual framework focuses on the impact of technology as a driver of food system change.
3. Results
Electronic searches retrieved 2792 results and 2017 titles and abstracts were screened (Figure 2). Of the 310 full texts retrieved, 205 were excluded for not relating to aquatic food processing, 42 for not relating processing with equity, 14 for not being in English, and 3 were duplicates.  The 11 reviews were checked for references, and as a result 13 additional primary studies were assessed. A total of 42 studies were included in the systematic review. These include 13 studies focussing on traditional processing technologies, 10 on improved, home/community-based processing technologies, 14 on improved/mechanised, factory-based technologies, and five studies comparing a combination of technologies (see Supplementary Information Table 1 for characteristics of included studies). 
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Figure 2. PRISMA Diagram reporting review results. The diagram indicates the process of search and screening of evidence, indicating the number of articles included at each phase of the review. Adapted from 37.

3.1 Risk of Bias for Included Literature
Our risk of bias considers the degree of risk that relationships found between technology and equity outcomes in the included studies may be inaccurate due to quality of research conceptualisation, design and methodological reporting.  Limited methodological information in some studies made assessment of rigour more difficult; where not described we assumed risk of bias to be higher, placing many studies in a ‘moderate’ risk category. Across the 42 included studies, there was moderate risk of bias overall (average 7.2 out of 12). Individually, it was gauged as low in 14 studies (33%), moderate in 24 (57%), and high in four (10%). We focus predominantly on the 38 studies (90% of total) with ‘low or moderate risk of bias (Supplementary Information Table 2). 

3.2 Range, Timeline and Focus of Literature
Four key points arise in basic analysis of the studies. Firstly, while widely distributed geographically, there remain significant geographical gaps in data, even accounting for publishing language limitations, such as Australasia, much of South and Central America and the Middle East (Figure 3). See Supplementary Information Table 3 for location details. 
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Figure 3: Geographic spread of the 42 included studies. The markers are approximate as many studies omitted precise locations. Where studies reported country-wide findings, markers are placed centrally. 

Secondly, whilst the overall number of studies appears low relative to the sector’s livelihood importance, the historical timespan shows a growing focus (Figure 4). Apart from one early outlier study (1987), most are published since 2000, increasing significantly since 2015, along similar timelines to the increasing focus more broadly on gender and inclusive approaches fostered within the global Sustainable Development Agenda of ‘leaving no one behind’ 38 and the growing emphasis on gender inclusion in research, policy and practice in the sector following the adoption of the Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries in 2014 39. 
Thirdly, studies have shifted in focus from predominantly larger scale, factory-based improved technologies before 2010 to assessment of traditional and smaller scale technologies and comparisons between them over the last 13 years, recognising the diversity of the sector (Figure 4). 



Figure 4: Publication dates of included studies by year, grouped by processing type. Studies post-2010 are more diverse, covering a range of different technologies.
Finally, studies examining the impacts of different technologies on a range of social inequities and inequalities were limited (Figure 5). Gender was the best represented issue, with 60% of studies comparing men and women. One fifth (21%) focused only on women, and similar proportions (19%) had no gender lens. Other intersectionalities were poorly reported: 17% of studies included an ethnicity or migrant component and only two studies (5%) reported on youth. In terms of outcomes, 74% reported livelihood outcomes, 38% reported health outcomes and 60% mentioned social outcomes, with some papers reporting combinations of these. 
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Figure 5: Gender dimensions and social justice outcomes assessed in the included literature, by processing technology. Shading reflects number of studies.

4. Equity Outcomes of Technologies 
4.1 Health Outcomes 
Eighteen studies (40-57; four with low risk of bias, 12 moderate and two high) revealed negative impacts of post-harvest processing on a range of health outcomes, though only six of them presented quantifiable data (41, 46-48, 51, 56, two with low risk of bias, the remainder moderate).
Eleven out of 14 factory-based studies reported on health outcomes (44-52,55,57; four with low risk of bias, seven medium and one high). Women had more workplace asthma, while men had higher rates of airway obstruction. This was attributed to women’s seasonal contracts reducing their risk of developing progressive deterioration of lung function, exacerbated by cigarette smoking among male factory workers 48. Airway obstruction caused by smoking fish often led to chronic obstructive pulmonary disease (COPD) 52. Workplace incidents related to chemical exposure such as ammonia, used for freezing seafood, were reported only in factory-settings 42,50. Various respiratory problems associated with poor ventilation were noted in factory 48,51,52, and some community settings 43,54,58. Factories with high levels of mechanisation also reported poor mental health outcomes, due to psychosocial stressors such as long working hours 55, monotonous work, low cheerfulness 45, and low ‘healthfulness’ as subjectively rated by workers 53.  Interestingly, female Polish workers rated the ‘healthfulness’ of their jobs more negatively than Filipino workers in the same factory-setting in Iceland, highlighting the differential experiences at the intersection of gender and race or migration status 53. Only four of the 13 papers discussing traditional processing focused on health outcomes 40,41,56,58. Malaria was associated with lack of protection from mosquito bites and poor sanitation 58. Allergies and skin problems, such as cuts and lacerations, occurred in both traditional 41, and factory settings 44,46,48,50,57, though skin burns occurred in traditional settings only 41. 
Two health-related issues common to all processing settings, including an article comparing two different settings 54, were musculoskeletal problems 41,46,47,49,56 and sexual exploitation of women 42,44,50,60. Women reported higher rates of upper limb symptoms compared to men in factory settings in one study 47, connected to the physically monotonous nature of their work 45. Ocular irritation such as red, itchy or swollen eyes was reported across settings, associated with smoking in traditional 56, and community settings 43, and steam vapor in a canning factory 48. While there is limited evidence of positive health outcomes in the papers reviewed, regular employment in factories may provide the potential for benefits such as health insurance 54. Further gender disaggregated data is required to understand the proportion of women who actually receive these benefits.  
4.2 Livelihood Outcomes 
Twenty-nine studies, four of them comparative, concerned livelihood outcomes including differential opportunities for women and men, skill acquisition/training, wage gaps, social expectations around women’s unpaid domestic labour, and working conditions. Nine papers 58,60-67 (five at low risk of bias, four moderate) specifically considered traditional technologies. These highlight that traditional processing is one of the most important livelihood opportunities for women. Given their immense knowledge and skill, women play a vital role in decision-making at different stages of the value chain 58,63, gaining access to resources, including savings and credit 63,66. However, women using traditional technologies also appear to suffer from higher product losses 60,65,68, while retaining total responsibility for childcare and household management 61,63. Comparing the traditional technologies with work in factory settings, traditional activities were perceived as less physically demanding, and hence given less social value 55.
Education appears to play a key role in the adoption of improved or mechanised technologies, yet the absence of sex-disaggregated data makes it difficult to explore systematically the role of education in male and female technology use 68. Home/community-based processing improved women’s income 43,69,75 (of eight studies, two had low risk of bias, five moderate and one high), though low fishing assets and low investment capacity limited women’s earning potential 70,71. Mobilising women into collectives and training in technology and marketing helped strengthen their livelihoods in one West African case 43, yet capacity-building programmes did not necessarily lead to significant changes in their incomes 75, with unequal pay and regularity of work 73 depending on domicile, marital status 74 and age 72. Structural-systemic factors played a part, with household financial needs, family well-being 69, safety concerns 55, and social norms potentially driving technology choice. The adoption of improved processing technologies increased where men were involved, as in the case of Nigeria 65 and Cote D’Ivoire 43. 
Eight papers looked exclusively at factory settings 44-46,49-51,53,59; two at low risk of bias, five moderate and one high. While jobs were relatively more stable, gendered differences were visible in work, contract, and pay 52,53. Women had high-paced 45 menial jobs at low wages 59,76, daily work contracts and poor working conditions 44,51. Migrant workers' experiences of the gender division of labour and job satisfaction were dependent on gender, nationality, and education 53, and while on irregular contracts 50 and working in poor conditions, most migrant women workers valued this work due to the relatively stable income, increased technical skills, social confidence, and feared losing their jobs 74.  
Three papers (moderate risk of bias) compared improved home/community-based and factory-based processing 55,77,78. The seasonal nature of catch led to fluctuations in labour requirements in both settings 77. While work using the improved home/community-based skills of slaughtering, filleting, and cleaning was also required in factories, this often went to migrant workers on temporary and lower-paid contracts, as in Norway, driven by a clear hierarchy of jobs in the eyes of employers. Stable jobs in management generally went to the local population 78. In a similar vein, women predominated in lower-status, lower-paid jobs in factory settings in a Bangladesh case study, though deploying skills used in smaller-scale processing, while men gained more influential, higher-paid employment 55.
4.3 Equality and Equity Outcomes  
Of the 25 papers examining equity and equality outcomes, 10 articles, two home/community-based 71,72, six traditional 58,60,61,63,67,79 one factory-based 50, and one comparative 54, highlighted the benefits for women in terms of ownership and management of these businesses, the ability to sell at profitable market prices, and the flexibility to combine work with child-care (five at low risk of bias, five moderate). Two studies identified men supporting women by carrying out the labour-intensive tasks 58,60. Most, however, highlighted the persistent discrimination encountered by women in incomes, spending choices, access to insurance and other employment benefits, membership in unions or cooperatives, and representation in public decision-making 42, 63, 69, 73, 80. 
Kinship ties to fishermen meant that women in the family often provided unpaid labour in the context of home/community-based seafood processing across contexts, from the United States 77 to Zambia 69 and Mexico 73, leading to an undercounting of their contributions. The six papers relating to traditional settings found women having control over their incomes and decision-making (58,60,61,63,72,79, three at low risk of bias, three moderate), though also critiquing traditional fish drying for perpetuating culturally discriminatory practices 74,79. Restrictions on women’s economic activities and their lower access to resources 70 had a negative impact on their willingness to pay for technology, leading to a higher level of fish losses 58,60. 
Some equality/equity impacts were discussed in nine papers focusing on large-scale factory-based fish processing (44,46,49,50,51,52,53,59,76 6 at low risk of bias, 1 moderate, 2 high) and four comparative papers 54,55,77,78. While providing employment to a large number of women, only a limited number received social security 50,54,77. Yet, factory-based women processors, especially migrant workers, and those belonging to discriminated ethnicities, while experiencing long working hours, monotonous labour, poor living conditions, inadequate sleep and increased psychosocial and physical strain 50,55,69, also noted a sense of social connectedness 53,74. Another issue noted was sexual harassment 50,76, or sexual utilisation to procure affiliations with trade networks (Tanzania 74). While migrant women performed intensive manual labour, managerial and key positions were occupied by native female workers 53,78, who in turn held lower positions than their male counterparts 55,76. Factory-settings revealed inequities 46,47,51,59, yet the financial freedom and purchasing power gained by women contributed to greater decision-making power within their households, but not outside the domestic arena 48,55.
[bookmark: _6b3xw1gxa0mk]5. Social Organisation of Post-harvest Fish Processing Technologies 

In line with our conceptual framework (Figure 1), we turn to the possible social and gender mediators that might explain the outcomes of post-harvest processing and use of technology discussed above. 
 
5.1 Divisions of labour 
Nine studies focusing on small-scale operations that supply local markets within traditional systems displayed a variety of gendered engagement (three with a low risk of bias and six moderate), including women preparing and selling shrimps (Brazil 61), harvesting and processing seaweed (Philippines 62), drying fish (Malawi and Zambia 40,60,63), and smoking fish (Cambodia, Kenya, and Nigeria 58,41,64). The small-scale and flexible nature of the work allows women to simultaneously fulfil multiple roles, including childcare 41, and managing the household 63. In the Nigerian case, while women and youth prepare and smoke fish in traditional ovens, men supply firewood and help arrange fish on racks 65. Here the situation demonstrates greater potential mutuality in terms of labour contributions, wages and sources of revenue.
Nine studies considered improvements to small-scale processing technologies, seven of them in the Global South. There was low risk of bias for three, moderate for five and high for one. All noted women’s predominance in this sector, demonstrating knowledge and skills to manage a range of activities including salting and frying 42, racks 80, or solar drying 69,70, smoking 43,71, and packaging 72. However, since these activities are carried out alongside caregiving and domestic work, processing work created an additional time burden on women 73 and disguised their processing work within extended household labour activities 69. Any wages received tended to be lower than those of men 74. 
 
Larger scale, mechanised technologies were slightly more common in the Global North (seven of the twelve studies, including one comparing North and South).  Risk of bias was low in four, moderate in seven and high in one. Several of them found that technological advancements and automated techniques reduced the numbers of jobs involving cutting, cleaning and packing, generally assigned to women, whilst increasing pressure to attain production targets 44,45. Fewer jobs meant higher demands on the remaining workers, increasing physical and psychosocial stress 46,47. With jobs, such as preparing fish for canning or smoking, culturally perceived as women’s work, women typically held subordinate positions in the labour hierarchies, with disparities in wages and types of contracts offered 59. Seafood processing factories, in particular, offered women short-term employment contracts, involved monotonous and long work, and were associated with work-related injury 48,50,76 and illness 51,52. One also reported additional issues of child exploitation (Bangladesh 76). Migrant workers in these jobs were often labelled as ‘trainees’ to enable payment of lower wages 53. Higher-level management roles within large-scale fish processing industries required training and skills, harder for women workers to access, perpetuating the gender differentials 59.
 
Five studies compared more than one technology, with three assessing gender relations 54,55,68, and two exploring perceived differences in work aptitudes relating to migrant status, race or nationality 77,78; one scored low risk of bias; the remainder scored moderate. Friberg studied people from four ethnic groups engaged in fish processing factories in Norway, revealing how labour hierarchies changed over time with the introduction of new waves of migrants into the workforce, with some ethnicities superseding others. Ethnicity was perceived to reflect certain strengths favouring manual work or front office roles, with non-natives considered to be harder working than native workers 78.  

5.2 Access to and control over resources 
All the studies considering resource allocation took a gendered perspective. Within the traditional technologies, many factors contributed to women’s limited access to, and control over, resources (nine studies, seven with medium risk of bias, one high and one low). Fisheries policies favoured the male-dominated production sector (Nigeria, Malawi, Zambia and Cambodia; 40,56,58,60,64), rather than post-harvest, causing women ‘three times more physical [fish] losses than men’ 60. The organisation of male and female groups in fishing camps enabled women to engage in processing and trading, yet did not necessarily facilitate their control over assets (Zambia 60). Women were not formally paid (Philippines 62), and they were marginalised by low educational attainment or lack of access to information regarding new technologies (Nigeria; 56,79). Yet in two cases, despite gender differentiated responsibilities, women had an equal share of assets, resulting in increased wellbeing (Nigeria and Indonesia; 65,66). Some women owned their businesses, either solely, or jointly with their husbands, given specific efforts to improve their access to resources to create profitable businesses (Cambodia 58).
Seven studies focused on improved, home/community-based technologies especially for drying and smoking (two had low risk of bias, four moderate and one high). These included drying yards 74, solar dryers 70 and drum or chorkor kilns for smoking 71,43. Some approaches encompassed both drying and smoking 69,73, incorporating additional techniques for salting and frying 42. Women often suffered economically through lack of access to credit or capital (Tanzania, Ghana, West Africa; 42,71). In one example 88% of women used traditional ovens because they lacked resources to invest in upgrades (Cote D’Ivoire; 43), resulting in constrained economic decision-making 69,70,73. However, the introduction of improved modern equipment could shift resource control towards men, depending on the level of investment and complexity of the technology development 43.
Two studies explored improved mechanised facilities, one on the intersection of gender and migration and the other the intersections of age, gender, and educational attainment (moderate and high risk of bias). Both showed that even as post-harvest work was formalised and mechanised, social hierarchies prevailed, limiting the access to resources for women, more specifically, migrant women (Japan 81, US and Canada 51). 

5.3 Agency 
Using traditional technologies for smoking 58,64,79 and drying 58,79,66, and processing more generally 40,63, eight studies (five low risk of bias, three moderate) noted women having agency in decision-making around their work and business, enabling them to secure improved economic opportunities through informal social networks in local markets. For home/community-based improved technologies, five studies provided evidence of this being beneficial to women, yet in one case there was an issue with uptake at management level (West Africa; 43). To overcome barriers to women’s agency, capacity development programmes to enhance women’s skills were organised, yet they did not necessarily increase women’s welfare (e.g. Indonesia; 75). In some places, age emerged as a critical factor shaping agency, with some older women having more authority and influence than the younger generations due to recognition of their proficient skillset (Alaska; 72), but in others, older women’s decision-making agency was constrained (Zambia and Mexico; 69,73).
In the five factory settings, women workers reported physical and mental pain from conducting repetitive tasks (45,49-51,53; two with low risk of bias, three moderate). Despite this, women in one case were content with formal employment as it increased their agency at home 50. While migrant workers employed in processing factories suffered from ailments and physical exhaustion, and were unable to change their work context, they might appreciate their employment for the earnings it brought them, improving the lives of their families (e.g. Iceland; 53). Women in some factory work had higher aspirations for their children and some reporting more equitable employment roles in the factory, including earning more than men (e.g. Bangladesh; 55). 
5.4 Structure and norms 
Six papers considering traditional technologies discussed social norms around the value of women’s work, including those related to institutions, finances, and culture, creating obstacles to women’s full participation in the fisheries sector (40,41,60,63,65,79; four scoring low risk of bias, two moderate). Social norms restricted access to resources for most women, yet those who could access credit had greater leverage within their households 40. Structural norms and gendered responsibilities left women with little decision-making power or influence to effect change in many cases (Malawi, Nigeria, Zambia; 40,56,58,60). The five studies exploring improved, home/community-based technologies (one scoring low risk of bias, one high and three moderate) highlighted the impacts of women’s exclusion from policy, limited access to credit, and decision-making authority on quality of life, negatively affecting their wellbeing (Japan, Nigeria, Ghana, Mexico, Zambia; 65,69,71,73,80). 

All six papers from factory settings reported the monotonous repetitive nature of work, and the experience of the factory environment, such as cold temperatures (44,49,50,57,59,81; all at moderate risk of bias). The Global North studies reported migrant women workers having particularly vulnerable positions 44,59,57,81. The four papers comparing traditional and improved technologies across contexts (54,55,77,78; one scoring low risk of bias, the others moderate) confirmed the prevalence of physical repetitive work and long hours in factories, driven sometimes by harvest perishability, and the intersecting nature of social disadvantage, with outcomes worse for migrant women workers. Women were often unable to access the social protection benefits on offer including minimum wages, health insurance, housing and transport, due to their concentration at the lower levels of the labour hierarchy 54). 

[bookmark: _bzolsh7jwhml][bookmark: _ccm109eqbbs2][bookmark: _nfzc3ersd5kv]6. Discussion
This review demonstrates that the experiences and outcomes of different technologies in fish processing, both traditional and improved, are more nuanced than the pre-existing narratives and evidence indicate. Some aspects remain poorly understood and reported. Divisions of labour (and related position of power or greater earnings) appear unfavourable to women in most situations. Whilst resource control and agency are variable within traditional and improved settings, factory settings remain largely male-dominated. However, perceptions of the attractiveness of the factory work environment vary according to the background of the group, and the social positionality of the worker. 
Previous studies of mechanisation show that women frequently report less agency and lower equity outcomes as enterprises expand and adopt more capital-intensive technologies, due to a combination of resource constraints, individual characteristics such as education, social norms and care responsibilities 6,11,12,13,82.Traditional technologies are practicable within smaller-scale operations, requiring less capital and management, allowing greater flexibility in working times and social relationships. While sometimes less productive, these technologies usually allow greater agency for women. Here one confronts a trade-off between enhanced productivity, income, and gender equality as seen in women’s control over resources and decision-making agency 9,83. Yet our review demonstrates a more nuanced and complicated picture emerging, as women in some community settings also find their labour undervalued, and there are few comparative studies between relative earnings for similar skills-based work in these different settings. Social norms and wider structures are the most intransigent and remain difficult to address across the board.
Several important issues emerge from this review. First, while literature focusing on social justice in post-harvest fisheries technologies is growing, there remains a substantial lack of robust comparative analysis across fish processing technologies and their influence on social equity and wellbeing outcomes 30,39,84. These outcomes should be understood better and considered in investments and discussions of the future of the fisheries and aquatic food sector due to the importance of the sector for millions of people. Related, despite others’ calls for action, we noted a significant lack of even the most basic sex-disaggregated and gender-specific data 3,17,85. Such disaggregation is a first step in highlighting the nature of gendered specialisation that marginalises women in what is largely production-centric fisheries’ policymaking 12,83,86.  In the studies included in our review, youth, the elderly and migrant workers were rarely mentioned, despite being intersectional groupings with significantly different lived experiences and engagement in the sector. There is growing recognition that these ‘other factors’ form a critical gap in the understanding of policy and action across the aquatic food sector. A few studies have started adopting intersectional approaches 87,88, drawing on work in other sectors (e.g. psychology 89 and agriculture 90), with potential to incorporate newer issues of environmental and climate justice 91. A second step in applying a more nuanced gender lens is to understand its different dimensions including shifts in divisions of labour, access to resources, agency and wider structures in the context of technology change and choice.
Second, while scale and nature of the technology used are important drivers of outcomes, we find common patterns across the studies. In the larger-scale, factory-based settings using advanced technologies, women and migrant workers tend to have lower status, often temporary, lower-paid jobs that are culturally stereotyped as ‘women’s work’, experiencing gender pay gaps, lack of access to worker rights and managerial roles, and exposure to occupational health hazards 92. Labour divisions are stark, reinforced by social norms. Yet, factory settings provided options for young school leavers, potentially offering greater financial freedom and decision-making power.  While women appear to have greater flexibility, control and agency in smaller scale processing operations, this doesn’t necessarily contribute to significant equality or income gains. Extension services and capacity-building programmes are central to ensuring gender equality, improving women’s access to both resources and skills, and challenging the devaluation of their work as ‘unskilled’ 54. While these interventions often focus on the material outcome of reducing loss and waste rather than also ensuring social equity and justice 93, nevertheless the improved home/community-based sector appears to be more dynamic than larger-scale factory-based processing, with technological improvements driving reductions in loss and waste, and in turn, a rise in incomes. 
Third, while robust evidence on health, livelihood and wider equality outcomes detailed in the conceptual framework (Figure 1) is limited, it does reveal that, whether traditional or improved processing, health outcomes are generally negative and include musculoskeletal symptoms, issues with skin, eyes and respiratory systems, with poor sanitation causing additional problems. For livelihoods, however, there was a contrast between traditional and improved settings. While traditional processing technologies allowed for greater flexibility, potentially forming a lucrative additional home-based activity, it lacked the regular income and security of factory-based employment. Improved, home/community-based technologies demonstrated the potential to deliver positive outcomes, yet fuller assessments of their economic, social and technical costs and benefits are needed. The focus to date in analysis of the effect of these technologies has been on their functional efficiency and productivity, rather than their social, gendered and intersectional impacts, including health and wellbeing outcomes. 
Technology is a critical driver of food system change and has been central to the growth and transformation of the fisheries and aquaculture sectors. Social structures and norms that place the burden of reproductive and care work on women, make women’s work invisible and constrain their participation in decision-making processes around technology. Yet technological change does influence women’s social and economic position (and that of other intersectional groupings), either through exclusion or inclusion on unequal terms 88. It is hence important to highlight the ways in which the experience and impact of technology is gendered, and how gender and technology shape each other 94, in order to ‘minimise the negative effects that marginalise women and other vulnerable groups of people and maximise the emancipatory potentials’ 39. Addressing the interactions between social and technical systems with a gendered lens, exploring how they impact on power relations between actors and institutions 84, could help develop strategies that can enable equitable transitions in the face of rapid change.
7. Final Reflections 
Given the large number of people, in particular women, engaged in post-harvest activities globally, this review sought to better understand how processing technology and technical change, a key driver of food systems transformation, has impacted those engaged in this sector, and how labour, resources, power and decision making are influenced and change in this process. In the context of climate change and other economic pressures, we are witnessing a rapid development of post-harvest technologies to enhance productivity and efficiency, reduce loss and waste, and ensure quality. Yet without addressing the social justice dimensions of these changes, there is a risk that this may exacerbate pre-existing and persistent inequalities. Our review brings out several recommendations for policy, research and practice. 
First, we recognise and highlight important nuances and contradictions in both the techniques and processes embedded within different technologies: for example, home-based fish processing provides flexibility but also expectations of unpaid labour; factory working can provide income (and choice), and is perceived differently by different groups, but also brings hazards of physical and mental ill health for many and bars permanent or management-level employment for women and migrants. Given these nuances, we need to ensure that disaggregated data are collected and analysed across a range of socio-cultural differences, in order to clearly see the associated wellbeing outcomes for those working in the fisheries sector. 
Second, the focus of fisheries’ policymaking needs to embrace the entire aquatic food system, moving beyond capture fisheries and aquaculture to post-harvest processing, storage and consumption. This shift needs to be reflected in research and investment across the system and will be most effective when framed within integrated conceptual frameworks such as ours that consider structural drivers, social institutions and livelihood, health and social justice outcomes. 
Third, more rigorous and comparative research is needed to examine the impacts of a range of technologies on different groups of people including women and men, young and elderly, migrant and non-migrant, and formally consider intersectionality. Finally, and related to the above, diverse voices, especially women’s and migrant worker voices, should have a place in policymaking and investment decisions around post-harvest processes at local, national and global levels to ensure that a range of inequalities are considered and addressed in the process of developing and rolling out improved technologies.
8. Methods  
This systematic review was carried out using Cochrane methodology, as specified in the Cochrane Handbook, to minimise bias 95, and reported according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria 37. Full details of inclusion criteria, search strategies, data extraction and risk of bias assessment are reported in Supplementary Information.
We included quantitative and qualitative research of any design that assessed the impact of one or more types of aquatic post-harvest processing on social justice (equality and equity), livelihood and health outcomes. Participants could include men, women and/or children of any ethnicities, socio-economic statuses or age-groups, involved in (or affected by) aquatic food post-harvest processing technology. Studies had to be accessible in English and could be fully or partially published, come from any part of the world, and be published in any year. Reviews were not included but their reference lists were checked for additional studies.
Searches of the format [fish or other aquatic food] AND [equity] AND [processing] were developed using text and indexing terms, and appropriate Boolean operators used for each of the seven selected databases: Scopus, Web of Science, Google Scholar, Embase (Ovid), Medline (Ovid), CGIAR gender impact platform and WorldFish Repository. Searches were run in October 2022. 
Titles and abstracts then full texts were loaded into Rayyan software 96 and assessed for inclusion independently in duplicate and differences in opinion discussed between two reviewers or within virtual meetings of the full review group of co-authors. Duplicates were identified and excluded, and multiple reports of the same study collated. Reasons for excluding ineligible studies were recorded. The selection process was recorded in sufficient detail to complete the PRISMA flow diagram (Figure 2). 
Data extraction was carried out by one reviewer and checked by another. Tabulated data included bibliographic information, study location, design, characteristics of participants, processing type and outcomes, plus risk of bias score. Full texts were re-read and key elements of context, findings and concepts extracted and coded to identify meaningful patterns and relationships.  
Risk of bias was initially assessed during data extraction using the Newcastle-Ottawa tool for non-randomised studies 97. This, however, did not fully capture risk of bias in the qualitative studies, so we changed to an adaptation for the social sciences allowing for qualitative studies to have equal chance of assessment of their quality as that for quantitative studies 98. Studies were assessed independently in duplicate for research design, explicitly building on previous research, description of methodology, representativeness of the target community, comparability of cohorts, appropriate and consistent use of indicators for outcome assessment, adequacy of follow-up and discussion of limitations and conclusions; points (more points equating to lower risk of bias) were allocated to each study on this basis. With a maximum score of 12, risk of bias was considered low with 9-12, medium with 5-8 and high with 0-4 points (Table 2, Supplementary Information). 
Conclusions were based on thematic synthesis of the included studies, ensuring transparency and rigour in the process of generating analytical themes 99. Meta-analysis was not possible as quantitative data were too diverse. However, we drew on elements of meta-ethnography, to present a higher-order interpretation that goes beyond the individual studies, aiming to provide new insights and theories emerging from the collective evidence 100. 
Data availability: The data that support the findings of this study are available from the corresponding author upon request. The DOIs of the studies included in the systematic review are presented in Supplementary InformationTable 1.
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