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Abstract 
Amendment 23 (A23) to the Northeast Multispecies Fisheries Management Plan will remake monitoring systems for the Northeast 
US commercial groundfish fishery. In addition to substantially increasing monitoring coverage, A23 will provide fishers with the 
option to utilize electronic monitoring (EM) technologies in place of human at-sea observers. Based on twenty-six interviews with 
representatives of the fishing industry, nongovernmental organizations, regulatory agencies, EM service providers, and other 
stakeholder groups, this paper examines how the fishery is planning for the adoption of EM. We focus on the differing perspectives 
on the value of EM as an appropriate tool for protecting the fishery, and as a tool of surveillance that may transform the lives of 
fishers. We find that while most stakeholders support the use of EM in the future, mistrust within the industry—based on historical 
regulatory failures, perceived lack of information on technical feasibility, privacy and data ownership issues, and the unknown long-
term costs to vessel owners—poses significant barriers to successful adoption of these technologies. We conclude that these barriers 
can be overcome by investing in co-management driven EM implementations that draw on the expertise of fishers and increase their 
autonomy over their vessels and their use of data. This study offers critical insights into the conflicting sociotechnical imaginaries 
that co-produce spaces of surveillance for natural resource management, as well as provides important findings for the fishery as 
A23 moves into implementation phases. 
 

Introduction 

Sustainable fisheries management is a complex process with persistent challenges requiring fishers, 
scientists, and regulators to evolve in their approaches to fishing practices, data collection, and oversight. 
While some federally managed fisheries in the United States have responded well to innovations and 
changes to management practices (Melnychuk et al. 2021), this has not been the case in the Northeast 
groundfish fishery (NEGF), the focus of this study. The NEGF consists of thirteen bottom-dwelling species, 
including the iconic Atlantic cod and haddock, and is managed by the New England Fisheries Management 
Council (NEFMC), one of eight regional councils initiated by the 1976 Magnuson-Stevens Fisheries 
Conservation and Management Act (MSA). The NEFMC manages groundfish through its Northeast 
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Multispecies Fishery Management Plan (FMP), and the National Oceanic and Atmospheric 
Administration’s National Marine Fisheries Service (NOAA Fisheries) handles the implementation and 
enforcement of FMP rules and regulations decided upon by the NEFMC. 

Since its inception in 1985, the FMP has seen dozens of adjustments aimed at achieving sustainability 
through regulatory measures, including fishing trip limits, area closures, gear restrictions, individual fishing 
quotas, and annual catch limits (ACLs).1 Despite these efforts to control overfishing, several species in the 
NEGF have not rebounded from historic lows to sustainable levels, due in part to illegal harvesting and lack 
of enforcement as well as from persistent uncertainty in scientific advice and ocean condition changes 
caused by climate change (Acheson and Gardner 2011; NEFMC and NMFS 2009). To address one of these 
concerns, namely alleged illegal harvesting and discarding of regulated fish stocks, the NEFMC developed, 
and NOAA Fisheries approved, Amendment 23 (A23) to the groundfish FMP, which will require increased 
levels of monitoring of all groundfish sector vessel fishing trips beginning in May 2022 (NOAA Fisheries 
2022a).2 Fishers have the option under A23 to meet new requirements with traditional human at-sea 
observers. Alternatively, vessels may opt into one of two new electronic monitoring (EM) programs 
depending on the size of their vessels. Under A23, federal funds will subsidize EM installations and 
maintenance through the 2023 fishing year, after which costs would be incurred by vessel owners. 

While the production and utilization of EM data may provide opportunities for greater participation by 
fishers in the co-management of natural resources, it also raises concerns about data manipulation and 
misinterpretation (Blair 2022; Couldry and Powell 2014; Goldstein and Faxon 2020; Ruppert, Isin, and Bigo 
2017). The use of EM data could be empowering, but it may also reinforce existing power dynamics and 
motivations if fishers perceive EM data as improperly interpreted or utilized in order to implement new 
restrictions on fishers. Archer (2021) refers to “surveillable spaces” as consisting of the surveilled, the 
surveillors, surveillance technologies, and the “standardizers” who ultimately establish the rules and norms 
of these surveillance-brokered relationships. In the case of the NEGF, several organizations serve as 
standardizers, including environmental non-governmental organizations (ENGOs), federal science and 
regulatory agencies, and academic research institutions. These groups have a shared vision for the future 
sustainability of the NEGF that rests on modernizing the fishery through robust data collection. However, 
their visions on the possibilities of EM are not necessarily shared by industry stakeholders. The prevalence 
of tensions between proponents of surveillance and skeptics who are concerned about unanticipated 
consequences support arguments that surveillable spaces emerge from competing sociotechnical 
imaginaries on the power of data-driven measurements for sustainability. 

Our study poses three interrelated research questions about the social construction of EM as a means of 
surveillance in the aim of achieving sustainability within the NEGF: (1) How is EM perceived among 
various stakeholders in the NEGF; (2) How is the adoption of EM being negotiated by NEGF stakeholders; 
and (3) What new conflicting sociotechnical imaginaries are present in these spaces between those being 
surveilled (i.e., NEGF sector vessels) and those implementing this new form of surveillance of the NEGF 
and/or utilizing the data it produces (i.e., EM service providers, fisheries scientists, and managers)? Our 
study is based on semi-structured interviews conducted in the months leading up to A23 adoption with 
twenty-six stakeholders in the NEGF, including representatives from the fishery industry, ENGOs, EM 
service providers, federal agencies, and other interests. 

                                                   
1 Annual catch limits (ACLs) are defined as levels of catch intended to prevent overfishing, which are estimated from 
the development of overfishing limits and acceptable biological catch determined through scientific stock assessments 
of fish stocks and species. Individual fishing quotas are determined as a percentage of the ACLs and are distributed 
to those with federal limited access fishing permits (NOAA 2019). 
2 Illegal discarding refers to the practice of discarding, or returning to the ocean, legal-sized fish that are caught and 
otherwise have a requirement to be landed or recorded as caught and brought to shore for sale and distribution. Fishers 
sometimes have an incentive to discard illegally when landing the legal-sized, regulated fish would cause them to 
reach their quotas and prevent them from being able to take future fishing trips during the rest of fishing year. 
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We find substantial disagreement over the magnitude and relative importance of illegal discarding across 
the fishery, where A23 is viewed by some as unjustified given the many concerns superseding illegal 
discarding. “Resilience” of the fishery was also portrayed differently among the stakeholder groups given 
differently prioritized vulnerabilities. Additional findings reveal substantial barriers acknowledged by all 
stakeholders regarding how to adapt EM to fit a diverse range of fishing operations across the groundfish 
fleet. Fishing industry representatives believe that the true cost of EM is unknown at the vessel level, and 
that they do not have adequate information to assess the cost-benefits of adopting EM. Finally, we observe 
that historical erosions of trust between industry and regulators are fueling concerns about information 
privacy, mission creep, data stewardship, surveillance, and the overall intentions of using EM as a tool for 
scientific monitoring under A23. EM is frequently characterized as an overly oppressive “witness” program 
for identifying “bad actors” with no real added value to the fishing industry.  

Our study offers important insights into the perceptions of EM that may ultimately impact how A23 is 
adopted by the NEGF. It further suggests that the success or failure of new surveillable spaces are likely 
dependent on the alignment of shared goals and cooperative models for natural resource management that 
draw on the diverse expertise of the surveillors and the surveilled. This research has broader implications 
for the field of surveillance studies by illustrating a case study of the potential for co-produced surveillable 
spaces to realize mutually beneficial results for the surveillors and the surveilled in a manner that better 
aligns the sociotechnical imaginaries of parties on all sides of the discussion.  

Background 

The extent of noncompliance with fishing restrictions in the NEGF has been a source of intense debate 
among scientists, fisheries managers, environmental non-government organizations (NGOs), and fishing 
industry participants and organizations for decades. A study surveying fishers, scientists, managers, and 
enforcement officials in 2007 estimated the percentage of illegal catch taken in the NEGF to be somewhere 
in between 12% and 24% (King and Sutinen 2010). Illegal and misreported kept catch and discarded bycatch 
(i.e., unwanted fish or other species that are returned to the sea) can be a serious problem for the sustainable 
management of the groundfish resource. Fisheries scientists and managers rely partly on catch information 
from the industry to conduct stock assessments, reduce bycatch, and set catch limits and quotas (NOAA 
Fisheries 2018, 2021). Industry supplied data come from several sources, including landings information 
from federally permitted commercial fish dealers, fishing vessel logbooks and reports, portside sampling 
conducted by state and federal employees, and vessel monitoring through the use of onboard observers or 
at-sea monitors (Cooper 2006).3 

The NEGF has two programs for onboard observing and monitoring that contribute to these datasets: the 
Northeast Fisheries Observer Program (NEFOP) and the At-Sea Monitoring (ASM) program. The NEFOP 
program is designed to conduct biological sampling of fish and document bycatch, while the ASM program 
provides an additional layer of observation of vessels enrolled in sectors to verify catch and areas fished 
(NEFMC and NMFS 2009; Sun and Fine 2016). The ASM program is a critical component of the NEGF’s 
current quota management (catch-share) system, which is one among many attempts over decades and 
across industries to reconfigure natural resource management towards neoliberal rationalization and rights-
based, individual ownership and trading of resources (Olson 2011; Carothers and Chambers 2012; Hébert 
2014). Although the NEGF has multiple monitoring programs, only a portion of fishing trips have been 
observed, at an annual rate varying between about 14–30% of trips from 2010 to the present (NEFMC 2022).  

The lack of monitoring on the majority of fishing trips has led to concerns about the possibility of bias in 
the data collected by observers and at-sea monitors. In the Groundfish Plan Development Team’s (PDT) 
peer-reviewed report of groundfish monitoring analyses, the NEFMC’s Scientific and Statistical Committee 
                                                   
3 Vessel monitoring refers to the surveillance and recording of fishing activity aboard commercial vessels by 
government-trained human observers or at-sea monitors. At-sea monitors or observers may be government employees 
or, in some circumstances, government-hired contractors. 
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(SSC) concluded that the PDT’s analyses demonstrated a clear “observer effect,” or a change in fishing 
behavior among vessels that have observers onboard (NEFMC 2019). Specifically, the analyses determined 
that vessels with an observer on board fish for less time, keep fewer fish, and earn less money than vessels 
that are not observed. The presence of an observer effect means that data from observed trips may not be 
representative of unobserved trips, thus the estimates of discards used to inform stock assessments may be 
inaccurate. As part of A23’s efforts to increase monitoring levels and mitigate any effects from bias in 
reporting area and discards, EM is seen as a potentially preferable monitoring technology to human 
observers. EM systems developed in NOAA Fisheries’ approved pilot projects entail passive observation 
surveillance systems that utilize a combination of digital cameras, data recording and storage devices, GPS 
tracking, and human video auditors to review video recordings of catch and discard activity during sector 
fishing trips. 

 

Figure 1: Video footage of a vessel crew member measuring discarded fish (image courtesy of Teem Fish 
Monitoring) 

There will eventually be two EM options available to fishers who choose EM in place of taking human at-
sea monitors or observers on every trip – the audit and maximized retention models. Under the audit model, 
crew members record the estimated size of all discarded fish under the surveillance of video cameras while 
at sea (Figure 1). The audit model samples a portion of the trips for review, but fishers do not know which 
trips are being monitored as the cameras must remain on for all trips. Under the maximized retention, 
suitable for high-volume vessels, captains retain and land all of their catch, and EM-based data are recorded 
alongside a human monitor who meets the vessel at the dock (NOAA Fisheries 2022b). The maximized 
retention model exempts vessels from minimum fish sizes (under minimum fish size limits they must discard 
fish under a certain size), but the vessels must retain and land everything they catch. 
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Both EM programs were first pilot tested before being made available by fisheries regulators as an 
alternative to human observers (NMFS 2021). The purpose of these pilot programs was to demonstrate that 
EM can be a cost-effective alternative to hosting on-board human observers and can provide the opportunity 
to identify potential issues, challenges, and unanticipated consequences of surveillance technologies on 
commercial fishing vessels. A post-report on the projected costs of EM commissioned by the Nature 
Conservancy estimated that the average per vessel cost for 100% human observer coverage would be 
$18,495, whereas the average per vessel cost of 100% EM would be $10,631 (The Nature Conservancy 
2019). Despite the effectiveness that pilot programs have shown, many fishers have not participated in these 
programs due to concerns about long-term costs, data privacy issues, and trust issues with organizations 
backing EM development. These perceived barriers have had the effect of limiting the ability of pilot 
programs to test EM applications across a more diverse fleet. 

Surveillance in Co-Management of Natural Resources 

The co-management of natural resources is generally understood as the sharing of power and decision-
making responsibility between diverse stakeholders (Berkes, George, and Preston 1991; Carlsson and 
Berkes 2005; Ostrom 1990). Despite this relatively succinct definition, co-management arrangements take 
many different forms depending upon the resource under management and the sociocultural context where 
the resource is managed. In a review of the evolution of co-management, Berkes (2009) identifies several 
different aspects, or “faces,” of co-management that have emerged in theory and practice, such as institution 
building, problem-solving, innovation, conflict resolution, knowledge generation, and social learning. 
Power-sharing arrangements typically involve state or government entities sharing some aspects of authority 
for managing the resource with resource users. These arrangements are common in smaller-scale fisheries 
in developing countries where resource users utilize traditional ecological knowledge (TEK) of the resource 
they are harvesting (Berkes 2009; Evans, Cherrett, and Pemsl 2011). Co-management can also serve as a 
form of conflict resolution between two or more communities competing for the resource (Evans, Cherrett, 
and Pemsl 2011; Murunga, Partelow, and Breckwoldt 2021; Ostrom 1990).  

Governance, institution building, and participatory processes are also central aspects of many co-
management arrangements, but other faces of co-management have special relevance to the development of 
EM for fisheries monitoring. In particular, the various EM pilot projects developed in the build-up to A23 
are instances of co-management that manifest from problem solving, innovation, and collective knowledge 
production. Co-management arrangements in EM have been characterized as institutional innovation that 
empowers resource users with the ability to influence management by applying situated knowledge (Nielsen 
et al. 2004). Successfully fostering innovative co-management strategies also enables resource managers 
and users to respond to complex problems and rapidly deploy experimental solutions (Parlee and Wiber 
2014).  

In the case of the NEGF, the complexities of sustainable co-management are often framed as a problem of 
ensuring the “resilience” of the fishery. In the literature, resilience in environmental systems refers to 
adaptability, the ability of socio-ecological system to respond to stressors and rapid changes in the 
environment itself and in the decision-making spaces that shape the environment (Berkes, Folke, and 
Colding 2000; Jepson and Colburn 2013; Pollnac et al. 2006). Critical to a resilient system is that it 
recognizes and confronts change rather than resisting it. In the context of our study, we frame resilience as 
the environmental, economic, and social sustainability of the NEGF, its social-ecological system, and its 
adaptability to changing stocks, markets, and the pressures of climate change. However, rather than 
providing an a priori framing of resilience to apply to this case study, our definition is based on emergent 
themes and terms used by our interview subjects. The adoption of EM as a new monitoring tool in the NEGF 
serves as an example of an experimental management action, initiated by cooperative agreements between 
resource users and managers, that may either reinforce or replace the old measures that have fallen short of 
their resiliency objectives. 
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Across fisheries globally, spaces of surveillance are expanding to the decks of fishing vessels to fulfill full 
catch documentation. Within these emerging spaces, EM has garnered significant attention as a potentially 
powerful tool for automating regulatory oversight. Among projects in different countries reviewed by van 
Helmond et al. (2020), the main objectives for adopting EM center around the need for detailed data about 
fishing effort and catch accounting. Secondary objectives focus on bycatch reduction of marine mammals 
and other protected species, such as dolphins, sharks, and turtles (van Helmond et al. 2020). In a review of 
EM proposals in support of the European Union’s Common Fisheries Policy, interviews with fishery 
managers and regulators revealed widespread agreement that current methods of at-sea and at-port 
monitoring are ineffective, and that EM is a solution for enforcing landing obligations and improving 
statutory compliance (Plet-Hansen et al. 2017).  

Acts of surveillance require social and technical actors in order for the system to work, and it is through the 
negotiations of these networked components that surveillance systems are established (Gad and Lauritsen 
2009). Many surveillance systems adopt digital tools to fill the roles of collecting data, alongside data 
infrastructures to organize and manage data. Developing digital surveillance-based monitoring regimes can 
be an opportunity for diverse stakeholders to engage with new technologies and encourage participation in 
governance (Albrechtslund and Lauritsen 2013; Blair 2022; Couldry and Powell 2014; Gray 2018). 
However, they can also proliferate unproductive approaches to natural resource management, as 
experienced in Myanmar’s forest monitoring program (Goldstein and Faxon 2020) and in agricultural 
supply chains in the Global South (Archer 2021). In these examples, stakeholders become divided on what 
tools and platforms to adopt based on what they perceive to be the challenge at hand, their historical 
relationship to data in addressing challenges, and their place within the digital surveillance system (e.g., the 
surveilled versus the surveillors). 

There are additional downsides to techno-centric approaches to monitoring that blur the lines between 
oversight, security, and privacy. Infrastructures built to collect and manage the data can reinforce existing 
power structures, particularly when these technologies are promoted and controlled by government agencies 
and large corporate interests (Toonen and Bush 2020; Drakopulos et al. 2022; Ruppert 2015; Isin and 
Ruppert 2020). Archer (2021: 293) refers to the “standardizers” of these spaces as those who embrace 
monitoring technologies with “almost mystical confidence in their efficacy.” These views are lodged in 
deeper sociotechnical imaginaries (Jasanoff and Kim 2013, 2015) where complex problems are seen as 
solvable with the assistance of sophisticated technological systems—imaginaries that can come into conflict 
with the realities of making a living off, and living alongside, managed spaces. In Kenya’s small-scale tea 
farming industry, where farmers are seeking sustainable certifications, certification bodies were sold on the 
idea that GPS and satellite data could be used to track deforestation. This has had serious implications for 
tea farmers, given that the Mau Forest is both an essential water source and a source of wood for stoves that 
provide power for tea manufacturing factories (Archer 2021). In this example, tools deployed by 
standardizers miss the realities of tea farming, despite the surveillors and surveilled having shared 
objectives. 

For fisheries management, surveillance has long been a source of contention linked to the rights-based 
system of individual fishing quotas. As Drakopulos (2022) notes, the effectiveness of quota systems relies 
heavily on monitoring and surveillance, which in the US context has historically depended upon the services 
of human observers. The introduction of EM in recent years has been met with cautious optimism. EM has 
generally been proven in pilot programs to be a cost-effective alternative to human observers, a suitable tool 
for a broad range of vessels, and an approach to monitoring that allows for independent data verification 
and industry self-reporting practices. Nevertheless, large-scale implementations remain limited due, in part, 
to conversations that emerge around the persistent unknowns of digital surveillance. 

Unsurprisingly, fishers are suspicious of regulatory overreach and have concerns about privacy and 
confidentiality issues in how data get used (Bradley et al. 2019; Mangi et al. 2015). EM can be deployed 
not only as a tool for monitoring but also as a technology of control. For fishers, EM has the potential to 
alter not just workplace environments but also the decks of vessels that are historically considered part of 
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the private domain of fishing life (Clemens 2020). Yet, a proven solution to addressing these concerns, and 
ensuring higher rates of acceptance from the fishing industry, is to adopt participatory, co-produced digital 
surveillance models, where EM is situated as an opportunity rather than a threat to fishers’ livelihoods 
(Stanley et al. 2015; van Helmond et al. 2020). 

Research Methods 

We conducted semi-structured interviews from April to July, 2020, with twenty-six Northeast commercial 
groundfish fishery stakeholders, including representatives from three environmental NGOs (ENGO), ten 
from the fishing industry (FI), four from EM service provider companies (EMSP), six from federal 
governmental agencies (GOV), one from a community non-profit organization (CNPO), and two academic 
researchers (ACAD). In some instances, interviewees cut across these categories. Interviewees were 
selected based on prior social network analysis conducted by the researchers in mapping the structure of 
social media communication networks discussing A23 and EM in the NEGF (Cutler et al. 2022). Due to 
COVID-19 restrictions on in-person fieldwork, interviews were conducted online via Zoom video 
conferencing.  

The first portion of the interview addressed study participants’ positions on the development and 
implementation of A23. Questions asked included: “Do you feel there was ample preliminary research data 
and analysis to support A23?” and “What measures is your organization planning to take to address the 
monitoring requirements of Amendment 23?” The second portion of the interview sought to identify how 
stakeholders were working together to make sense of A23. Questions in this section included: “Does your 
organization participate in any cooperative research that has involved testing EM as a tool for fisheries 
monitoring and data collection?” The final section of the interview examined study participants’ 
perspectives on the tradeoffs of EM, as well as on issues specific to surveillance. Example questions in this 
section included: “What do you think explains why some vessel owners are likely to choose EM on their 
boats, as opposed to human observers?” and “How do you, or the constituents you represent, perceive the 
presence of EM technologies on vessels?” 

Interviews were recorded, transcribed, and analyzed using an inductive approach to coding, which identified 
sixteen broad topical themes. Table 1 displays the percentage of interview segments coded for each major 
theme, aggregated by interview participants’ stakeholder group affiliations. Governance and 
implementation challenges emerged as the most prevalent topics identified across all stakeholder groups 
and were the most often coded topical buckets within ENGO and FI interviews. Appropriate technology 
(i.e., the introduction or implementation of EM in a way that addressed the issue at the appropriate scope 
and scale) was the most common theme from EMSP interviews; governance was the most common theme 
from GOV interviews; fishery value or impacts was most common within the CNPO interview; and 
implementation was most common within ACAD interviews. The major themes identified by topical 
buckets often overlapped with each other throughout the interviews. For example, themes related to 
governance were often raised in conjunction with issues related to monitoring implementation challenges 
and relationships, and were thus analyzed together. What follows is a description of findings based on 
analysis of these themes and their intersections. 

Study Results 

Debating the Magnitude of the Problem 
Within and across all stakeholder groups there are differences in opinions on the magnitude of misreporting 
and illegal discarding in the NEGF, which are perceived by some stakeholders as the primary motivators 
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for A23.4 Many fishing industry participants commented on how analyses underpinning A23 found the 
presence of observer bias, and they made the case that historical monitoring data likely did not provide an 
accurate representation of the health of the fishery. Meanwhile, many non-industry study participants 
believed that current low levels of monitoring incentivize cheating yet admitted that the magnitude of illegal 
discarding remains unknown. 

 ENGO FI EMSP GOV CNPO ACAD 
N = Interviews 3 10 4 6 1 2 
Futures 8 5 8 5 2 2 
Resilience 3 5 2 1 7 5 
Appropriate Technology 6 6 9 7 3 8 
Surveillance 2 2 3 3 0 1 
Governance 13 12 7 13 15 9 
Fishery Value or Impact 2 5 3 3 26 4 
Monitoring Costs 4 4 3 6 2 4 
Trust/Credibility 7 5 5 3 5 6 
Communication 6 4 5 5 2 2 
Resistance/Skepticism 2 2 4 3 2 2 
Machine Learning 1 1 3 1 0 2 
Electronic Monitoring 7 8 11 11 2 10 
At-Sea Monitoring 1 2 2 2 2 1 
Fisheries Monitoring 6 5 4 5 2 5 
Implementation 8 10 9 9 2 14 
Implementation Challenges 9 11 8 9 5 10 
Magnitude of the Problem 3 3 <1 2 4 4 
Relationships 6 6 7 5 10 9 
Knowledge Gaps/Uncertainty 4 5 7 5 7 3 
Values 3 3 3 3 3 2 

Table 1: Percentage of interview segments coded for each major theme, aggregated by interview 
participants’ stakeholder group affiliations 

At the center of many of these reflections, A23 is perceived by many as an immediate reaction to the 
infamous illegal activities of a New Bedford fishing magnate, Carlos Rafael, that prompted a federal 
criminal investigation (Farzan 2019). As one fishing industry representative commented, “I think some of 
the analyses were set to prove a hypothesis that there was some high level of cheating going on in the fishery 
and, other than one very specific high-profile case, what is the evidence that there is high level of mis-
reporting, high level of discards of legal-size fish, high level of mis-reporting stock area?” Those in the 
fishing industry felt that instead of addressing systemic issues that allowed Rafael to alter catch records in 
a vertically integrated business operation, the entire industry was condensed into being “bad actors.” 
Alternatively, ENGO and GOV study participants asserted that fishers have told them that they do see 
pervasive cheating, and they want to level the playing field and improve stock assessments through more 
accurate data.  

These differences of opinion on the magnitude of discarding and misreporting are closely tied to how the 
resilience of the fishery was portrayed by study participants. It was clear that each stakeholder group 
prioritized vulnerabilities differently when considering the resilience of the fishery. These concerns were 
frequently framed in the fishery’s complicated history of overfishing and resulting actions to rebuild stocks. 
Stakeholders in academia noted that incentives for illegal discarding and unreported catch are undermining 
                                                   
4 The stated purpose and need for Amendment 23 is to “improve the reliability and accountability of catch reporting 
in the commercial groundfish fishery to ensure there is precise and accurate representation of catch (landings and 
discards)” (NOAA Fisheries 2022a). 
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efforts to improve the resilience of the fishery. They believed current monitoring levels to be insufficient to 
ensure accountability—in catch share systems with a market for tradable quota and inadequate enforcement 
or monitoring, fishers may cheat as a means to increase their profit. GOV study participants pointed out that 
100% monitoring coverage for even a brief period under A23 would enable them to determine whether 
misreporting has been as pervasive as alleged by some stakeholders and indicated by analyses of bias 
conducted by the Groundfish PDT leading up to the development of A23. In line with this, ENGO 
participants emphasized that the analyses underpinning A23 demonstrated a clear problem of biased catch 
reporting, which would mean the monitoring data used for stock assessment are not representative of the 
fishery.  

However, arguments persist that unreported catch draws attention away from other potential factors, such 
as how climate change may be impacting stock assessments. Academics interviewed for the study are 
interested in how EM can increase coverage levels and support the fishery in adapting to change. Resilience 
from the government standpoint emphasized economic and ecological sustainability in similar ways, where 
they view EM as a cost-effective and sustainable long-term solution to increased monitoring coverage. 
Fishing industry representatives also have concerns about the fragility of the NEGF, but they insist that 
economic stability must be included in conversations about resilience. Most stated that the market price of 
groundfish species has stayed fairly constant over the last decade, whereas the costs of operating a vessel 
have increased. Many smaller operators felt that once federal funding runs out for the added cost of 
subsidizing 100% monitoring coverage, the fishery would no longer be profitable for their vessels.  

The CNPO representative similarly highlighted that A23 does not express adequate concerns for how 
increased monitoring will impact the fishing community. This CNPO representative was especially 
informative on topics related to social resilience within the fishery. Fishers are at higher risk of health 
conditions and substance abuse than other industries. These health concerns go beyond the fishers; fishers’ 
families experience stress and other conditions while their loved ones are at sea, sometimes in dangerous 
conditions. Economic and social resilience are closely linked. The CNPO representative expressed concern 
that the costs of increased monitoring may add disparate mental health and stress impacts. Exacerbating this 
stress is the uncertainty of when the financial onus for EM will shift from government funded to industry 
funded.  

Appropriate Technologies of Monitoring 
In this study, “appropriate technology” refers to the introduction or implementation of a technology for the 
purpose of addressing a particular issue or challenge, but in a way that aligns contextually with the scale of 
the problem, the expertise present amongst stakeholders, and available resources (cf. Bishop 2021). Despite 
the challenges EM presents, many stakeholders acknowledged the appropriate role that EM could play in 
achieving accountability, traceability, and transparency within the fishery. ENGO study participants claimed 
they are largely agnostic to the means of achieving accountability but that, unlike past amendments, A23 
challenges the status quo by developing a flexible framework and alternative means of monitoring. Without 
EM as a tool in the toolbox, ENGOs felt that A23 would not have been received with such optimism by 
some in the industry, indicating that ENGO stakeholders believe that EM may be a practical solution to 
providing representative catch data and sufficient accountability in the groundfish fishery. 

Similarly, study participants from the fishing industry and academia also suggested that EM will improve 
the integrity of the monitoring system. Fishing industry representatives noted that they want to both “prove” 
that they are already accountable and build equity on the water by preventing their peers from successfully 
cheating. Within the fishing industry, it is believed that only “bad actors” will see EM as a threat due to its 
implications for improving transparency. EM pushes even those fishing industry respondents who say they 
are already accountable to be more diligent and thoughtful in their fishing practices and vessel operations. 
While some fishing industry respondents were optimistic about EM’s use for improved stock assessments, 
there are discrepancies across and within stakeholder groups on whether or not EM data will actually be 
useful for producing new or improved data informing stock assessments. Instead, fishing industry 
respondents felt that the intent of EM was largely to confirm logbook data. 
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Major themes emerged related to EM and its ability to produce “objective” data. Many study participants 
believed that, unlike human observers, cameras can’t be “bribed” and “don’t sleep,” and present less of a 
risk of human observers misidentifying or misreporting catch. From this perspective, the fishing industry 
and scientists will be able to converse around independently collected data. As noted by one study subject, 
“An improvement over human observers is the ability to go back and review the film again. You get a data 
sheet, but if there’s a question you can go back to the actual event. It’s re-creatable, if you will. With a 
human observer it’s a data sheet and an affidavit or a memory.” This was echoed by government 
stakeholders who felt that building trust in the data is a necessary next step to management decisions based 
on EM. EM service providers also highlighted the importance of advancing the credibility of EM, and 
suggested that success will come from forming closer working relationships between government agencies, 
scientists, and fishers. 

Despite optimism about the promise of EM among some stakeholders, others across the fishing industry 
expressed skepticism about EM as the appropriate tool for monitoring. One of the key challenges 
acknowledged by all stakeholders is how to adapt EM to fit a diverse range of vessels and fishing operations 
across the groundfish fleet. While data reporting can be standardized, hardware installations need to be 
customized to vessels based on multiple factors, including the gear used and the on-deck layout of operations 
for catch handling (Figure 2). Fishing industry representatives pointed out that vessels all have different 
deck layouts and electrical systems and that EM will need to be finetuned and tweaked through 
experimentation in real-time when EM programs become operational for the fishery. Moreover—in the case 
of the audit program in particular—the catch compositions of vessels may vary widely, and species or stock 
identification may be challenging depending upon the quality and positioning of cameras. 

Some argue that fishers are more able to build relationships and establish trust with human observers, 
whereas they may have less agency over their business when subject to anonymous reviewers examining 
their data under EM. These arguments reflect more ingrained feelings about how EM may be disruptive to 
co-management approaches, rather than an appropriate technology compatibility with how working 
relationships are historically formed on the water. Furthermore, after years of feeling that regulators have 
not held true to their claims to rebuild the fishery, fishers are wary of whether governance of the fishery will 
be improved simply from increased data collection. This was reflected in a comment by a fishing industry 
representative who told us of their colleagues, “they feel like each one of these steps, the practical effect is 
it’s taking more agency away from them to be able to control the future of their business, whether that’s for 
their family or multigenerational businesses.” Finally, fishers feel that the true cost of EM, in terms of both 
hard and soft costs, is unknown at the vessel level. Fishers feel ill-equipped with information to assess cost-
benefits in order to make a decision on whether to adopt EM or continue with human observers for their 
vessel.  

Interestingly, we found that across all stakeholder groups, there is tentative interest in advancing EM to an 
automated process via machine learning (AI) once the current EM program becomes operationalized. In 
these arguments, AI is seen as more efficient and cost-effective. AI could be used to identify and measure 
fish, as well as reduce video review time by locating timestamps within a video in which crew or fish are 
on deck. However, EM service providers acknowledge that AI comes with its own challenges. Because AI 
performs based on algorithms, many felt that it will take considerable work to build algorithms capable of 
accounting for the diversity of deck operations. This challenge increases when AI is utilized to identify and 
measure fish, requiring robust algorithms based on extensive training data sets. For some species that have 
different management plans, like red and white hake, AI may never be able to accurately identify these two 
species as it requires viewing the gill rakers for identification and classification (gill rakers are bony 
structures inside fish that support the gills and aid in filter feeding for tiny prey). Fishing industry 
stakeholders also expressed concern, noting that any AI algorithms developed for EM should draw upon 
their professional knowledge. We found it noteworthy that the de-personalization of monitoring that might 
occur with AI, and the potential for further reductions in interacting with a human monitor, was not seen as 
an issue in our interviews. 
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Figure 2: EM surveillance cameras mounted to a vessel’s rigging (image courtesy of Gulf of Maine Research 
Institute) 
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Trust and Resistance to Digital Surveillance 
Study participants from the fishing industry raised deep concerns over digital surveillance issues under a 
100% monitoring program that utilizes EM technologies. They interpret EM as an intrusion by the fishing 
industry because they feel that it was imposed on them, rather than developed through co-management 
approaches. Meanwhile, government and ENGO study participants express uncertainty about what fishers 
claim to see on the water. They shared stories of fishers describing an abundance of fish, but their assessment 
reports did not indicate abundance. Government study participants report trying to engage with the fishing 
industry but being stonewalled with inadequate information or no information at all, limiting their ability to 
use data for scientific analyses and future cost analyses associated with EM. 

Many study participants communicated how these historically eroded relationships of trust have added fuel 
to the fire of the fishing industry’s mounting concerns about information privacy, mission creep, data 
stewardship, and the overall intentions of A23. Privacy concerns related to EM appear to be amplified by 
the demographics of those who work in the industry, many of whom prefer the secluded lifestyle of fishing 
or did not grow up in a digital-heavy age. “There is still that very independent streak… they don’t want a 
camera looking over their shoulder. Granted, cameras are becoming more important, no matter where you 
go in this day, but still, it’s that a lot of these guys are old-school,” one sector manager told us.  

A23 is also viewed by those in the fishing industry as a program that will be exploited for purposes outside 
the scope of monitoring. While the vessel is the workplace, it is also the home to the crew while at-sea. 
Fishers are hesitant and skeptical about a camera capturing footage while off-duty and about who ultimately 
gains access to this footage. An academic researcher assisting the fishery with EM implementations noted, 
“having a camera in your living and working space 24/7 that’s being watched by multiple people, and some 
of those people from a managing body, a regulating body, makes folks nervous.” Aversion to digital 
surveillance is further tied to concerns about the ability to fish competitively. Video footage accessed by 
other vessel owners could compromise strategic business operations and preferred fishing locations. Beyond 
other vessels, concerns were raised about video footage being obtained and used by activists opposed to 
commercial fishing.  

Study participants from ENGOs, government, and academia are aware of the fishing industry’s concerns 
related to privacy. ENGOs believe that privacy concerns will dissipate once they adopt EM and that the 
technology will essentially “fade into the background.” Government representatives have received 
comments from some fishers that they feel more privacy with cameras on board because the area under 
digital surveillance “stops at the deck,” unlike a human observer who occupies all areas of a vessel. ENGOs 
and government representatives are also aware that fishers are nervous about footage of accidental catches 
of marine mammals being made public and harming their business. For those fishers who are averse to EM, 
EM service providers suggest that fishers will appreciate the near real-time feedback that EM provides and 
will, ultimately, be interested in expanding the systems to do more. Meanwhile, government stakeholders 
believe that monetary incentives may be the most influential means to overcoming privacy concerns and 
increasing EM adoption. 

Discussion 

This study fills critical knowledge gaps about the social, economic, and technological challenges faced by 
a diverse fishing community considering new approaches to the governance of a public resource. In 
particular, our examination of NEGF stakeholders’ perceptions capture the unforeseen challenges of using 
EM-based surveillance systems for cooperative fisheries management, initiated by a major fishery policy 
change in A23. Overall, we found in our interviews a consistent desire to move towards better enforcement 
and monitoring. We also found cautious optimism across stakeholder groups on the potential for EM to be 
a tool for greater accountability. Government and ENGO representatives describe EM-based monitoring as 
critical for achieving full accountability in the fishery, which they believe will ultimately build resilience 
for sustaining fish stocks. Many in the fishing industry concur with these points and, in some instances, 
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NEGF sector managers have proactively worked with vessel owners to implement EM systems and dockside 
monitoring. These findings have broader implications for surveillance or monitoring in other contexts where 
a diverse set of stakeholders are engaged, particularly for other natural resource or environmental 
management issues. The co-production of surveillable space as presented in the cautiously optimistic case 
of EM for the NEGF could provide a roadmap for conservation-minded surveillance in contexts such as 
wildlife management (Shrestha and Lapeyre 2018; Adams 2019), “smart farming” in agricultural production 
(Klauser 2018), or certification processes for labeling products “sustainable” (Archer 2021). 

Nevertheless, while most study participants expressed a commitment to collecting high-quality data, A23 
itself is perceived by the fishing industry as being developed in the absence of adequate data to support the 
prescription of significantly expanded monitoring coverage. Those in the industry felt that expediency was 
chosen over evidence of widespread misreporting. Therefore, the ultimate tension between stakeholder 
groups is mainly over the amount of surveillance needed given the debate of the magnitude of the underlying 
misreporting problem. In other words, the surveillable space negotiation rests on “how much” surveillance 
as opposed to “whether or not” to surveil. It is also clear that stakeholders have differing ideas about how 
EM may change the daily work environment of the fishing community. While proponents of EM suggest 
that these systems “can’t be bribed” and will support rebuilding the integrity of the NEGF monitoring 
system, others contend that EM blurs the lines between monitoring a public resource (the ocean) and 
surveilling the physical spaces of vessels historically considered private by fishers. 

These divisions highlight the conflicting sociotechnical imaginaries held by stakeholders on all sides of the 
EM debate, which serve as persistent sources of resistance to the co-production of surveillable spaces in the 
NEGF fishery. The debate over whether and how the NEGF fishery should be surveilled is rooted partially 
in how the fishery is ideologically managed. Following decades of management based on effort controls 
(i.e., restrictions on time fished and methods used), the NEFMC embraced a broader trend of neoliberal 
rationalizations of ocean resources in the form of rights-based, tradable, individual fishing quotas and catch 
shares. NEGF fishers organized loosely into collectives known as sectors and obtained catch entitlements 
based on the historical landings of their vessels. This approach to management conferred property rights 
over the NEGF fishery to certain fishing businesses, effectively privatizing a public resource.  

It is within this context that the conflicting sociotechnical imaginaries of stakeholders can be better 
understood. Conservation-minded industry and ENGO respondents held close to the view that despite the 
catch share system, the NEGF fishery and the ocean writ-large remains a public space and resource that 
should be monitored for the sustainability of the ecosystem and benefit of all within it—including human 
communities that utilize it. From this perspective, fishing vessels operating in the NEGF fishery should be 
considered surveillable spaces warranting higher levels of monitoring mandated by A23. These stakeholders 
argue EM will provide a technological solution to the problem of increased need for human observers (i.e., 
staffing shortages, errors in reporting, sleep, etc.). Conversely, other industry respondents viewed increased 
monitoring, particularly through the looming eyes of ever-present EM cameras, as an infringement on 
private space and into the conduct of private daily lives within the dynamic living-work spaces aboard 
commercial fishing vessels. Surveillable space from this perspective must have reasonable boundaries and 
limitations negotiated through constant dialogue between regulators and industry stakeholders.  

Strong residual mistrust within the fishing community, based on the perceived failure of past management 
actions, has only served to entrench opposition to changes that may come with A23. While most industry 
stakeholders we interviewed say they could imagine using EM in the future, they also stated that privacy, 
data ownership, and mission creep concerns must be addressed before they could fully support EM-based 
monitoring in the fishery. These concerns were often mentioned in concert with the above noted public-
private dilemma of rights-based management, privately owned fishing vessels and quotas, and the ocean as 
a public resource. In the sociotechnical imaginaries of many industry respondents, EM appears as an 
encroaching nuisance that can only be tolerated if negotiated boundaries are put in place to limit its scope 
and preserve the confidentiality of private business practices.  
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Nevertheless, as A23 moves to implementation, many study participants anticipate that the NEGF 
monitoring program will increasingly rely on EM systems and EM service providers to find success. 
Conflicting sociotechnical imaginaries of stakeholders could be aligned if regulators and fisheries managers 
can empower fishing industry stakeholders to apply their situated knowledge and expertise to improve EM 
systems and their implementation, thus enacting what Nielsen et al. (2004) refer to as “empowering” 
fisheries co-management. Rather than reinforcing existing power dynamics between fishers, managers, and 
regulators, wherein fishers routinely disagree with the results of scientific assessments but have little ability 
to affect outcomes, EM could instead serve to empower fishers by enabling them to validate their lived 
experiences on the water with granular data. 

Conclusion 

Participatory management and co-production of knowledge will be particularly important in the context of 
EM given the contentious nature of surveillance. Archer (2021: 293) notes that “Surveillable spaces are not 
just spaces that are surveilled but spaces where there is an expectation of surveillance, where non-
surveillance (a failure or a refusal to surveil or submit to being surveilled) is seen as irresponsible and 
unsustainable.” In this view, the goals of A23 will be achieved if the fishing industry conforms to their 
expected roles in accepting the presence of EM on their vessels. However, our findings suggest that fishers 
are challenging these expectations for reasons not accounted for in A23’s development. Fishing industry 
stakeholders will likely remain hesitant until they feel they have enough details about what EM adoption 
will mean for their business and way of life. Meanwhile, to those who prescribe to sociotechnical 
imaginaries where EM is seen as the future of fisheries management (views particularly prominent amongst 
government agencies and ENGOs), fishers may continue to be seen as “irresponsible” stewards of the 
fishery if they are unwilling to comply with the surveillance expectations of A23. 

To overcome these challenges, our study offers strong evidence that EM-based monitoring will need to be 
implemented with an expanded menu of options attuned to the needs of a diverse fleet beyond ones currently 
being considered in the fishery. Cooperative efforts to field test the audit and max retention models leading 
up to A23 have produced promising results, but there is widespread agreement within the industry that these 
programs missed opportunities to co-create a technically viable, cost-effective monitoring program—one 
that draws on the expertise of fishers and increases their autonomy over their vessels and their use of data, 
as opposed to reducing their agency in management decisions. EM service providers also see themselves as 
having a role in resolving some of these technical and social concerns, but they feel that regulatory agencies 
could do more to include them in co-management conversations with vessel owners. By engaging with EM 
service providers and industry in this way, NEGF regulators may be able to solve persistent trust problems 
by achieving what Berkes (2009) describes as co-management through innovation, problem-solving, and 
collective knowledge production. As EM moves into full implementation after the approval of A23, 
following these developments will be critical to understanding how the limits of what is surveillable will be 
negotiated between fishers, fisheries scientists, and managers, as well as whether these negotiations will be 
capable of producing mutually beneficial fisheries management outcomes for a resilient NEGF. 
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