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Abstract 

United States commercial fisheries are managed by regional councils whose jurisdictions are 

circumscribed by political boundaries. Species range often spans management borders, linking 

fishing regions by participation. On the East Coast, individuals commonly prosecute several 

fisheries managed by different councils. This study tests both the existence and magnitude of 

policy-induced transboundary impacts on fishery participation, with the goal of providing a 

quantitative starting point for further investigation into the economic and social impact of 

spillover fishing effort. 

Regulatory structures vary across a spectrum from open access to individual harvest rights. In 

2010, the New England Fishery Management Council expanded a cooperative rights-based 

management program – “sectors” – to enhance stock sustainability and economic efficiency in 

the groundfish fishery. Groundfish sector management altered the deployment of fishing effort in 

New England. Newly idled groundfish fishers possess the potential to increase participation in 

regulated open access Mid-Atlantic fisheries characterized by low entry barriers.  

This study utilizes econometric methods to estimate the transboundary effect of sector 

management on Mid-Atlantic fisheries. The use of a difference-in-differences estimation strategy 

allows the author to evaluate the causal link between New England sector management and 

altered fishing effort directed towards Mid-Atlantic managed species. Econometric methodology 

is employed to control for exogenous factors that may also affect fishing effort and to assess the 

unobservable policy counterfactual of present day Mid-Atlantic effort levels in the absence of 

New England groundfish sectors. 

The study finds that the establishment of groundfish sectors does affect Mid-Atlantic fisheries, 

but impacts are not uniform across species nor are they uniform across the 17 groundfish sectors. 

Further, effort redirection can be more or less pronounced when looking at the behavior of 

enrolled sector members, or looking only at those sector members who are now inactive in New 

England fisheries. Certain sectors are identified as redirecting more effort towards Mid-Atlantic 

species.  

While cumulative effort spillover does not seem to be pushing Mid-Atlantic fisheries perilously 

close to capacity limits, the identified influx can impact profitability in effort-receiving fisheries 



 
 

and could potentially have a negative effect on socioeconomic outcomes in the greater regional 

fishing economy. 

Introduction 

Commercial fisheries provide important economic and social benefits through the harvest of a 

renewable resource stock. Fisheries generate income for harvesters and onshore industries while 

underpinning the social relationships and way of life in many communities. Fisheries 

management involves stakeholders at many levels. Within the United States, regional authorities 

manage fish stocks by rough virtue of species’ geographic distribution. However, production 

partners such as harvesters and processors may reside anywhere, often overlapping 

programmatic management boundaries. Managing a harvest resource with a diverse range of 

input and output determinants is unavoidably complex and can result in unintended 

consequences. This study considers the transboundary nature of management-driven impacts and 

the complexity of identifying causal relationships between regulation and indirect outcomes. 

As harvest limits and input restrictions were introduced to open access fisheries, regulation 

became endogenous to determining biological and economic outcomes. In other words, rules, 

restrictions and catch targets have become as important to both stock sustainability and fishery 

profitability as food webs, weather, and spawning patterns. The first generation of regulated open 

access (ROA) fisheries represented steps in the direction of bioeconomic efficiency, but in many 

instances it failed to end overfishing; also, ROA effectively supplanted the open-access resource 

problem – Hardin’s “tragedy of the commons” – with what became known as the “race to fish.” 

More recently, rights-based fishery management has emerged as an approach to enhancing stock 

sustainability while mitigating the race to fish.  

The subsequent wave of rights-based approaches, known collectively as catch shares, succeeded 

in many respects but has also been observed to disrupt important existing social and economic 

relationships within fisheries and fishing communities. Cooperative management programs, once 

relegated to informal agreements outside of National Marine Fisheries Service (NMFS, or “the 

Agency”) authority, have gained traction as an approach to maintaining catch share efficiencies 

while reducing perverse incentives for rent-seeking behavior within the fishery. The groundfish 



 
 

sector program recently implemented by the Northeast Fishery Management Council (NEFMC) 

exemplifies this cooperative approach to catch shares.  

On May 1, 2010, Amendment 16 to the NEFMC Multispecies Fishery Management Plan (FMP) 

authorized a substantial scale-up of the groundfish sector program, increasing the number of 

sectors from two to 17. The transition to cooperative management in such a high-value 

commercial fishery has spurred focused efforts to assess the program’s economic, social and 

biological effectiveness. The critical interest of this study is motivated by the fact that stated 

objectives, measures of success, and assessments for groundfish sectors and other rights-based 

management programs have been overwhelmingly focused within the specific fishery at hand.  

Implementing a catch share program in a major fishery is likely to “ripple through” other 

fisheries that are linked by geography or seasonality [1, p.33]. The Agency acknowledges that 

shifting toward catch shares in other fisheries coincided with observed “redirection and 

consolidation” of fishing capacity [2, p.4]. This phenomenon, and mitigating actions, is 

discussed later in case studies on Alaskan and South Atlantic fisheries.  

Regional Fishery Management Councils are aware of the requirement to assess cumulative 

biological and socioeconomic impacts and mitigation measures for participants in adjacent 

fisheries – even those under the authority of a separate regional Council [3]. Determining inter-

region policy impacts is difficult due to the many confounding factors in play. The stakes of 

claiming inter-regional effort spillover are high. Groundfish sectors have stated in their 

Operation Plans submitted for Agency approval, with total consistency, that impacts on other 

fisheries are not expected. Nevertheless, the combination of latent fishing effort – or excess 

capacity – created by within-sector rationalization and anecdotal overlap in both fishing gear 

preference and geographical location tell a story reminiscent of the effort redirection observed in 

the case study fisheries. 

This study employs econometric methods to detect the presence of increased fishing effort in 

Mid-Atlantic ROA fisheries that is causally linked to the implementation of groundfish sector 

management in New England. 

  



 
 

Bioeconomic Theory of Regulated Open Access Fisheries 

The role of economics in fishery management has increased since the mid-20
th

 century 

realization that scarcity exists in this renewable resource. With the early view of fishery 

management as something “intended for the benefit of man, not fish,” economists entered the 

picture insofar as human and biological interactions affected individual economic outcomes [4]. 

Managers have long employed input regulations, such as gear restrictions and time or area 

closures, in response to reduced human-use benefit from decreasing harvest yield and possible 

extinctions [5]. Prior to Hardin’s (1968) seminal articulation of negative externalities from the 

exploitation of common property resources, economists wrote about the individual and market 

forces capable of causing resource overexploitation [6]. In the past 60 years, regulation of the 

fishery resource has become commonplace. In the course, the economists who study this human-

resource interaction have shifted from considering regulation as a technical constraint on a 

bioeconomic system to treating regulatory behavior as an endogenous determinant of a fishery’s 

disposition [7]. The latter approach underpins what is called the regulated open access (ROA) 

fishery model. 

Pure open access resources are rival and non-excludable in nature. In other words, an 

individual’s usage decreases the amount available to others and no individual can prevent 

another from eroding the resource stock. In regards to the renewable fishery resource, open 

access regimes are susceptible to both biological and economic overexploitation.  

Gordon introduced the important point that biological overexploitation is not a precondition for 

economic overexploitation [5]. Open access fisheries “inevitably dissipate [economic] rents” [7, 

p.2]; rents being the fisher’s net income given by excess of revenue over cost in a fishing season 

[8,9]. Gordon identified private rent-seeking behavior as the driver of biological and economic 

overexploitation, demonstrating that a profitable fishery attracts new entrants until fishing effort 

earns only its opportunity cost [5]. Entrants will remain until their individual opportunity cost of 

labor outweighs their fishing income. The opportunity cost of labor is determined by other 

employment opportunities [8]. These costs are high in an expanding economy. Fishery 

participation may increase if opportunity costs are low or if fishers incorporate a high 

socioeconomic value of maintaining their fishing community way of life when weighing the 

benefits of their private labor allocation. Economically efficient participation would stop at the 



 
 

level that equates per unit marginal revenues with marginal costs. Participation to the point of 

full rent dissipation is often associated with higher harvest levels but not necessarily with greater 

economic returns, as marginal benefits are decreasing past the point of economically efficient 

participation. 

Clark adds a second economic force to complete the story of overexploitation in open access 

resources [8]. Individual fishers competing for economic rents consider a time component, called 

a discount rate, when determining their behavior in the current fishing season. Maximizing rents 

and maximizing present value are not equivalent. Payments from fishing in future seasons are 

discounted because fishing capital also carries an opportunity cost. If resource depletion or 

extinction is possible, rational fishers may prefer to shift future harvest into the present time 

period, believing that the money in hand will perform better in the future if invested somewhere 

outside the fishery of declining productivity. 

Together, the common property problem and the individual’s dynamic harvest choices described 

above necessitate the regulations found in many of today’s fisheries. In 1973, Clark concluded 

that these dual threats “require continual public surveillance and control of the physical yield and 

the condition of the stock” [8, p.634]. Shortly thereafter, the United Nations Convention on the 

Law of the Sea (UNCLOS) extended the marine resource jurisdiction of coastal nations out to 

the current 200 mile exclusive economic zone [10]. Economists could now think about the 

normative design of regulations “to coax an open access fishery closer to a rent maximizing 

ideal” within this region of influence [7, p.2].  

The results of this thinking are well-summarized by Homans & Wilen’s predictive model of 

ROA fisheries. The model treats regulation as rational and purposeful, though “not necessarily 

efficient” [7, p.3]; most importantly, the model considers regulatory behavior to be endogenous 

and just as fundamental to fishing outcomes as biological dynamics. The following paragraphs 

introduce the basic concepts of ROA bioeconomics that will be used later in a model illustrating 

the effects of transboundary fishing effort spillover. 

The Homans & Wilen ROA model extends the Gordon model and accepts the following 

assumptions:  



 
 

1. Regulators enforce a season of length T that is endogenously determined by fishing effort 

or “rent dissipating capacity” (E), starting stock level (X0), and a catchability parameter 

(q);
1
 T is chosen so that all allowable catch is harvested. 

2. The fish stock grows only in between seasons, and grows as a function of ending biomass 

in the previous season (XT). 

3. Regulators choose target annual harvest levels (Q) prior to the fishing season according 

to the safe stock concept and the anticipated harvest capacity of the regulated fishing 

industry.  

4. Fishing costs are both fixed (f) and variable (v); the presence of fixed costs means that 

some minimum season length is required to attract the first unit of effort. 

Economic rents in a fishing year (Πt) – revenues minus costs – are given by the following 

relationship between these biological and economic parameters and the ex-vessel price for 

harvested fish (P): 

    [   (   
    )]  [      ] (Eq. 1) 

Homans & Wilen provide a graphical depiction of a “joint regulated equilibrium” where agency 

regulation is internal to determining both capacity and season length.
2
 Note that E is a function 

of T, among other things, while T is a function of E, among other things. Harvest occurs where 

the two curves intersect. 

Figure 1: Homans & Wilen’s illustration of joint regulated equilibrium harvest [7, p.7] 

   

                                                           
1
 Catchability parameters can be derived from the relationship between catch per unit effort (CPUE) and 

average exploitable biomass. As they relate to East Atlantic groundfish stocks, studies find q to be 

positively correlated with technological fleet improvements and not correlated with stock abundance 

indices from research surveys (Pinhorn, A.T., Catchability in some of the major groundfish fisheries off 

the East Coast of Canada. Journal of Northwest Atlantic Fishery Science, 1988, 8, 15-23). 
2
 Note that the point at E=0 where the capacity curve crosses the horizontal axis represents the minimum 

season length required to attract any fishing effort, due to the positive fixed cost of fishing. 



 
 

By considering regulatory inputs, the ROA model “decouples the effects of economic parameters 

from impacts on the biomass” [7, p.11]. Decreased economic performance in the fishery can 

occur even in the absence of stock depletion. Moreover, price and cost parameters do not affect 

the level of biomass. Annual harvest (       ) is determined externally to this model using 

separate biological and regulatory quota-setting parameters. In other words, the predictive 

fishing model is not limited to describing the two scenarios of either excess fishing capacity 

resulting in biological overexploitation, or reaching bioeconomic equilibrium at a reduced stock 

level due to high ex-vessel prices and/or low fishing costs. Rather, the ROA describes how an 

influx of rent dissipating capacity results in shorter seasons in which to harvest the total jointly-

held quota. This is called the “race to fish.”  

In the ROA model, the extra capacity, or effort, attracted by positive economic rents is limited by 

reduced season length and “efficiency decreasing policies” like gear restrictions and area 

closures [7, p.17]. If the fish stock’s intrinsic growth rate rises, causing an externally determined 

increase in harvestable quota, this catch will be achieved by increased effort and decreased 

season length. The race to fish creates intense competition between fishers and is notorious for 

spurring redundant capital investment, unsafe fishing practices and lower ex-vessel prices due to 

“poorly delivered products and high storage costs” [7, p.17]. 

The success of regulatory measures in creating confidence about the long-term viability of 

fisheries has the direct effect of drawing in more fishing capacity than predicted in the Gordon 

model. This occurs because fishers are likely to discount future fishing income less than they did 

in pure open access regimes. However, the indirect effects of reduced returns on fishing capital, 

due to inefficient input use in the race to fish, may dampen this entry pressure to a degree [7]. 

Rights-Based Fishery Management: Catch Shares, Quotas and Cooperatives 

The past quarter century has seen a marked increase in rights-based fishery management. Still, 

quota share, exclusive spatial harvest rights, limited access, and cooperative management 

programs account for a small percentage of global managed fisheries.
3
 The idea of a “catch 

share” encompasses the suite of fishery management strategies allocating a portion of TAC to 

                                                           
3
 Costello et al. (2008) identified 121 catch share managed fisheries from a global database of 11,135 

commercial fisheries (~1.1%) 



 
 

individual entities [11]. In this model, first mentioned in literature in 1973, catch share recipients 

are directly accountable for ceasing fishing when their exclusive harvest privilege is met [12]. 

Adoption of rights-based systems is more common in countries with highly developed 

bureaucratic management institutions such as the U.S., New Zealand, Australia, Norway and 

Iceland [13]. This section will explore the opportunities and threats of rights-based management 

– its rise, the sources of disfavor that caused a U.S. moratorium, and adaptive strategies that seek 

to isolate catch share benefits from costs. 

Early attitudes towards catch shares, in specific reference to the Eastern United States, reflected 

the pros and cons of a system wherein fishers were assigned durable property rights to a portion 

of harvest to remedy the classic externality of individuals’ failure to account for the costs that 

they impose on others [14]. New England groundfish fishers surveyed in the late 1970s 

recognized the biological stock benefit of capping total harvest and appreciated the potential for 

improved economic returns from harmonizing their individual factors of production with market 

demand [15]. They also acknowledged that such an output control system would create winners 

and losers, potentially disrupting social and economic relationships [15].  

The development of rights-based management was largely driven by the failure of input control 

measures to prevent overfishing [14]. Open access management exposes fisheries to the perverse 

incentive to maximize present harvest and invest revenues in other assets [8,13]. The input 

controls typical of high-value, over-pursued regulated open access fisheries generated 

overcapitalized fisheries with excess competition. As previously described, net returns to 

harvesters and onshore supporting industry declined as rents were dissipated [5]. The three main 

sources of rent dissipation have been listed as input substitution, fleet redundancy, and fleet 

composition [16]. Input substitution refers to the ability of fishers to circumvent effort controls 

like gear restrictions. Fleet redundancy denotes over-participation, while fleet composition, 

identified as the largest source of rent dissipation, flags the suboptimal mix of heterogeneous 

vessels in an open access fishery [16]. NPFMC, which manages five catch share programs, 

identified seven undesirable management outcomes in the absence of rights-based management 

[17]: 

1. Reduced season lengths, or “derby fishing”; 

2. Low product quality; 



 
 

3. Overcapitalization; 

4. Reduced safety-at-sea; 

5. Allocation disputes between inshore and offshore sectors of a fishery; 

6. Low individual accountability for bycatch and discard mortality; 

7. Conflicts with the members of other fisheries related by effort and participation. 

Rights-based management employs incentives to harvest efficiently in place of temporal and 

methodological fishing restrictions. Pursuing individually efficient production results in longer 

fishing seasons, safer fishing practices, full-time employment for crew on active vessels, better 

timing of fish to market resulting in fewer supply gluts and increased average ex-vessel prices, 

cost savings on redundant capital used to outcompete other fishers, and increased interest in 

long-term resource sustainability [14,18]. In short, harvesters’ focus shifts from securing catch 

volume to managing operating costs. When exclusive harvest rights fix gross revenue, fishers are 

left to control their own inputs. If quota is transferable, fishers who earn a net return greater than 

the market lease price for quota become quota buyers while less efficient fishers are 

compensated for their exit from the market [14].  

Management institutions play heavily into ecological sustainability. From a biological 

perspective, recent evidence supports rights-based management as a strategy to mitigate fishery 

collapse [13]. Costello et al. find that transferable quota systems reduce the probability of fishery 

collapse on the order of 13.7%. While sensitivity tests show this result to be robust, the authors 

qualify this figure by noting that “less collapsed” fisheries are more likely to be selected for 

rights-based management, and that complex management strategies are more adoptable where 

better management structures already exist. Conversely, this figure might be an underestimate 

following the supposition that rights-based management’s biological benefits are increasing in 

time; the full value of transferable quota systems may not yet have been realized. In either case, 

catch share design is critical to successful biological and economic outcomes. Maximum benefits 

from catch share management can only be achieved “by appropriately matching institutional 

reform with [the] ecological, economic, and social characteristics” of a fishery [13, p.1680]. 

While rights-based management may improve economic performance within the active fishery, 

cautioners note that efficiency comes at a cost. Effort rationalization through vessel buybacks 

and fleet consolidation reduce crew employment opportunities and small-vessel participation 



 
 

[2,14,18,19]. Reduced participation may remove industry from small communities that depend 

on fishery-supporting enterprise [17]. Increased quota value as efficient participants seek to fill 

their capacity raises barriers to entry for new fishers [19]. Greater autonomy in temporal effort 

allocation may create opportunities for high-grading, where low value fish are discarded with 

high mortality rates in attempts to maximize the per unit return on quota [14].   

In scoping for New England groundfish sectors, NEFMC noted that “both redirection and 

consolidation have been observed” when other fisheries shifted toward catch share management 

[2, p.4]. North Pacific Fishery Management Council (NPFMC) halibut and sablefish catch share 

programs resulted in longer fishing seasons, reduced competition and greater economic certainty 

for the fishers who remained active, but those who were not allocated sufficient shares to meet 

their fishing costs exited the active fishery through quota lease or sale [2]. A one-year review of 

the BSAI crab fishery transferable quota program found that nearly half of active 2004/2005 

vessels did not fish in the following year [2]. Some studies find that participation effects are 

greatest in the initial round of consolidation, meaning that all mutually beneficial trades are 

consummated in the near-term [20]. It follows that managing transitional periods is the 

regulator’s greatest concern. Consolidation outcomes are not always obvious; studies of New 

Zealand rights-based fisheries uncovered the unexpected result that rates of consolidation and 

degrees of social impact varied between inshore and deepwater sectors of the same fishery [21]. 

It should be noted that the impact of rights-based management on small vessels is not necessarily 

negative. The large, high-powered vessels that exceled in ROA fisheries may lose their 

comparative advantage when smaller vessels with low fixed capital costs are able to spread their 

harvest throughout the fishing season [14]. 

Varied distributional impacts on fishery stakeholders pose a hurdle to catch share 

implementation [22]. In some cases, economic benefits may accrue disproportionately to well-

positioned private actors [18]. Fishery rents can be expropriated when opportunities shift to more 

profitable fishers or when onshore supporting industry, like catch processing, shifts to larger and 

more efficient ports [22]. Even processors in a perfectly competitive market whose ports 

continue to receive landings can be the object of expropriation. Processors’ capital assets are 

relatively more fixed than harvesters’. Some would argue that processors have to bid up ex-

vessel prices to fill their excess capacity when fishers spread their catch over a lengthened 



 
 

season, resulting in rent transfer to harvesters [22]. The impacts described above define what is 

called the stranded capital problem. Debate exists over whether or not processing capital is so 

fixed that the impacts of rights-based management on processors merits compensation with quota 

shares. Others feel that processors might deserve direct compensation for demonstrated asset 

depreciation, but quota compensation distorts efficient markets for transferable harvest rights 

[23]. Regardless, it is clear that catch shares are capable of creating winners and losers; this fact 

makes policy adoption a difficult task. Moreover, to the extent that stranded capital creates 

economic harm, the bulk of rent transfers occur during the transitional period to a new 

management regime.  

Balancing the oft-competing interests of vessel owners, crew, processors, communities, 

environmental groups and the public can create political gridlock. Catch share programs have 

taken up to two years to develop, at great time costs to agency and regional management council 

staff [17]. If implemented, rights-based fisheries still face the challenge of funding increased 

management costs [14]. The most recent MSA reauthorization requires any New England catch 

share program to pass referendum with a two-thirds majority [24]. The risk of failing to 

implement the program has discouraged traditional catch share programs in the region. 

Elsewhere, effort rationalization and catch share programs were abandoned prior to 

implementation over political and social concerns [17, p.175]. Preferred alternatives included 

entry moratoriums on new licenses, apportioning separate ACLs for the commercial and 

charter/recreational sectors, and traditional input controls like bag limits [17, p.175]. 

Nevertheless, catch share and limited entry programs are well-established in the current U.S. 

fishery management conversation. In 2010, NMFS established a Catch Share Policy that 

encourages the consideration of catch shares “wherever appropriate in fishery management [...]  

plans and their amendments” and offers design, implementation and monitoring support [11, 

p.3]. The stated objectives are to “maintain or rebuild fisheries, and sustain fishermen, 

communities and vibrant working waterfronts, including […] cultural and resource access 

traditions” [11, p.3]. The Policy, developed by a Catch Share Task Force comprised of regional 

Council members, Agency administrators and staff, underlines the importance of setting 

milestones for program evaluation to manage the threats previously discussed [25]. 



 
 

Understanding the implications of rights-based management has increasing relevance even for 

ROA fisheries. Import substitutes and high fuel costs in the Gulf of Mexico shrimp fishery 

spurred a 10-year moratorium on new permits, creating a de facto limited entry program [9].  

Social scientists at the Northeast Fisheries Science Center (NEFSC) have published a rubric of 

performance measures and indicators for the socioeconomic impact analysis of catch share 

systems [26]. Five primary performance measures and selected indicators, with varying degrees 

of quantitative measurability, include: 

1. Financial viability 

 Capacity utilization 

 Revenue per unit of effort 

 Revenue per vessel-day 

 Quota sale and lease price 

2. Distributional outcomes 

 Employment 

 Ownership trends 

 Availability of quota for purchase or lease 

3. Resource stewardship 

 Compliance indices 

 Engagement in other stock improvement activities 

4. Governance 

 Participation in rulemaking 

 Number of fishing infractions 

 Revenue spent on participation costs 

 Survey measurements of costs to enter catch share fisheries 

5. Well-being 

 Rates of healthcare coverage 

 Surveys on job satisfaction and social networks 

 Community indicators of crime and education 

The equity concerns and rent-seeking behavior that hinder catch share adoption have spawned 

compromise management systems called cooperatives. Cooperatives shift incentives from 

efficient individual production to efficient collective production. The first U.S. fishing 

cooperatives originated from a desire to escape the negative externalities of individual quota 

programs and their onerous regulatory requirements [27]. Early cooperatives relied on civil law 

to enforce voluntary contracts that partitioned catch among a homogeneous set of participants.  



 
 

The Pacific Whiting Conservation Cooperative (PWCC), established in 1997, successfully 

reduced transaction, monitoring and enforcement costs and relied on social norms to limit the 

socioeconomic threats of share concentration and absentee ownership [27]. In 1999, PWCC 

members who also prosecuted the BSAI Pollock fishery translated their success into the Pollock 

Conservation Cooperative (PCC). By 1991, following successive efforts to Americanize Pollock 

fishery participation, harvesting and processing capacity in the fishery was estimated at 150-

200% of need [27, p.462-3]. Congress had provided a legal mechanism to cap entry and specify 

sub-allocations to the Pollock harvesting and processing sectors through the 1998 American 

Fisheries Act, and the PCC successfully lobbied to manage its own fishing effort. 

Groundfish sectors are created through voluntary enrollment and seek to employ collective 

efficiency management within the framework of NEFMC’s Multispecies FMP. The New 

England groundfish sector program marks another step in a movement towards cooperative 

options within federal fishery management. Groundfish sectors are not the first cooperatives to 

be codified under the NMFS umbrella. In 2005, voluntary harvesting cooperatives were 

authorized in the BSAI crab fishery with the establishment of an IFQ rationalization program 

[28]. 

As with all initiatives to rationalize effort through rights-based management, winners and losers 

are created. Social studies of New Zealand quota systems provide reason to suspect that small 

vessel attrition from the active groundfish fishery would still have transpired under other stock 

rebuilding approaches, and would have occurred without compensation [21]. Efforts to assess the 

internal socioeconomic impact of groundfish sectors, the most recent incarnation of cooperative 

management, are ongoing. The study conducted here will enhance the ability to assess the 

impacts of rights-based management that occur beyond the programmatic boundaries. 

Theory of Leakage: Policy-Induced Shifting of Environmental Outcomes in Other Sectors 

Programs designed to mitigate human impacts on natural capital range from the sub-national to 

the international in scale. Academicians and policy-advisory bodies have thoroughly discussed 

threats to ensuring the provision of environmental benefits when clear lines can be drawn 

between regulated and non-regulated or participant and non-participant groups. Leakage occurs 



 
 

where the regulated action is either directly displaced or indirectly substituted outside of a 

program’s boundaries.  

Problems of leakage most often arise when actors are heterogeneous [29,30]. Literature defines 

two types of leakage: “primary” activity shifting leakage, and “secondary” demand shifting 

leakage [31-34]. Primary leakage generally consists of capital reallocation, where a regulated 

actor may uproot and relocate production to an unregulated area. In many cases, the regulated 

area may reimport the shifted production. For programs seeking to reduce a localized 

environmental harm, this amounts to exporting the negative impacts of production. Secondary 

leakage captures the effects of shifting prices and marginal benefits in a heterogeneous, 

interconnected macro-economy; it can be decomposed into a price effect and a slack-off effect 

[30]. If restricting supply of a harm-intensive good in one region raises its world market price, 

unregulated producers have an incentive to increase their quantity supplied. The magnitude of 

this price effect depends upon the price-elasticity of the harm-intensive good – or the extent to 

which production levels shift in response to price changes. Slack-off effects are observed when 

harm abatement in the regulated region diminishes the marginal benefit of reducing harm in 

another region. Even if unregulated actors do not increase their harm production, they may free 

ride on the action of regulated producers and abate less than they might have otherwise. As the 

openness of regional or world economies increases, the “immediacy of the price effect and the 

longer-term relocation effects will grow, exacerbating leakage” [30, p.10]. 

The following discussion highlights primary and secondary leakage within the carbon emission 

and deforestation policy sectors, outlining its drivers, social welfare impacts, and measures of 

assessment.  

Carbon Emissions 

The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) 

defines leakage as “the increase in CO2 emissions outside the countries taking domestic 

mitigation action divided by the reduction in the emissions of these countries” [35]. Carbon 

emissions are unique in their transboundary nature. Emissions harm social welfare irrespective of 

the location in which they were generated. As such, the ideal scale for carbon regulation is 

global; global management is not yet a reality.  



 
 

Carbon regulation in the United States occurs at the sub-national level. The Regional Greenhouse 

Gas Initiative (RGGI) is a market-based regulatory program incorporating nine states in the 

Northeast and Mid-Atlantic Regions [36]. In California, the Global Warming Solutions Act 

(Assembly Bill 32) directs the California Air Resources Board (CARB) to develop early actions 

to reduce greenhouse gases, doing so through a cap-and-trade system.  

Both RGGI and CARB note leakage threats. In a report to RGGI-member agency heads, staff 

noted that any “cost increase due to a carbon cap could drive geographic changes in the operation 

of the electric power system,” largely due to the dynamic and highly competitive nature of the 

electric power market in that region [37]. Stakeholders are troubled that incomplete regulation 

could not only place the region at a competitive disadvantage, but also undermine the 

environmental benefits of the Initiative [37]. California satisfies portions of its electricity 

demand from sources outside of CARB’s jurisdictional boundaries. Constitutional law makes it 

impossible for California to regulate all of its suppliers, though the state is working with the 

Western Climate Initiative (WCI) to avoid the shifting of emissions from within the state to 

outside [38]. 

Even when policy is well designed, combating climate change on a sub-national scale may 

produce non-optimal or even perverse results [30]. The extent of this impact is unknown and 

subject to specific circumstances, such as existing price differentials for electricity generation 

[37]. In theory, the magnitude of the emissions shifting is uncertain as well, and could be 

negative if price effects shift production to cleaner generating facilities [29]. A partial 

equilibrium model – one in which the prices and quantities of some goods are determined 

externally – indicates that “industry structure plays an important role in determining the extent to 

which emissions leakage occurs,” with more competitive industries experiencing a greater 

impact from incomplete regulation on total emissions [29, p.32]. The same study concludes that, 

relative to complete producer regulation, policies that exempt out-of-state producers achieve only 

one-third of total emissions reductions at more than twice the cost per ton abated [29]. The 

competitive nature of wholesale electricity markets “does consumers no favor if it promotes 

inexpensive electricity while also sanctioning nonprice taxes in the form of [negative] 

environmental externalities” [39, p.224]. 



 
 

Automobile emissions standards provide an example of leakage when environmental constraints 

overlap. As of 2009, 14 U.S. states had adopted limits on automobile greenhouse gas emissions 

that exceeded the federal corporate average fuel economy (CAFE) standard [40]. Manufacturers 

that served the strict-standard states found themselves exceeding CAFE standards overall and 

were able to sell more low fuel-economy vehicles in other states, negatively offsetting reduced 

consumption in strict-standard states by over 85% [40]. 

Deforestation and Land Use Change 

It may be easier to visualize the spillover of deforestation across land-use policy boundaries such 

as national borders or protected areas. Reforestation and forest protection programs may seek to 

reduce erosion, provide habitat, regulate water supply or, more recently, generate carbon offsets 

through forest carbon sequestration. The latter benefit is linked to the Clean Development 

Mechanism (CDM) provision in the Kyoto Protocol and discussions of Reduced Emissions from 

Deforestation and Degradation (REDD) in the United Nations Framework Convention on 

Climate Change.  

The local environmental impacts of land use change are exportable, much like carbon emissions, 

but differ in that erosion, habitat and water supply harms are not shared through atmospheric 

transmission [34]. A study of the U.S. Department of Agriculture’s Conservation Reserve 

Program (CRP) found that retiring highly erodible land reduced cropland in the programmatic 

region by only 80%, indicating that one-fifth of the money invested merely resulted in shifting 

erosion [31]. An estimated 39% of forest regrowth due to a national-scale reforestation program 

in Vietnam is linked to exported deforestation to neighboring countries [34]. Vietnam’s demand 

for forest products has not fallen commensurately with its decrease in domestic supply, and so 

imports of illegally logged timber have increased to account for nearly 50% of the market [34]. 

Leakage from forest carbon sequestration programs may actually be greater than electricity 

related leakage [33]. Leakage in forest carbon releases undermines the net social benefits of 

reforestation programs in much the same way as shifting the carbon emissions of electricity 

generation [33]. Econometric studies estimate the range of forest carbon leakage between 10% 

and 90% of reductions in the regulated area [31,33]. As with electricity sector emissions, leakage 

is driven by relative price differences and most greatly affected by the price elasticity of demand 



 
 

for forest products [31]. Commercial forestry operations may be pushed into developing 

countries where they are less “encumbered by greenhouse gas liabilities” [32, p.1687]. As with 

electricity, incomplete participation threatens the environmental integrity of forest carbon 

programs. For example, non-signatories to the Kyoto Protocol, like the U.S. and Australia (until 

its ratification in 2007), may consider more dubious alternative methods of carbon sequestration 

such as sustainable forestry planning whereas participant nations are limited to afforestation and 

reforestation activities [31].  

Assessing the extent of leakage is critical to measuring the true value added of programs like 

REDD [34]. Forest-related leakage can be considered within the primary/secondary framework 

described above. Options for mitigating policy-induced leakage are available at the project level 

and the macro-policy level [32]. Project level strategies include: discounting carbon offset credits 

generated by high-leakage projects or establishing terms of trade for credits generated by 

different activities; developing multi-component projects that provide a range of benefits and 

provide local communities with sustainable access to forest products to reduce demand for illegal 

logging; and leakage contracts that preclude the use of money from offset credit sales to buy 

logging concessions elsewhere [32,33]. Macro-policy options would seek to reduce secondary 

leakage with a “balanced portfolio” approach that incorporates spatial planning that avoids large 

gradients in the marginal benefits of avoiding deforestation in market-connected areas [32, 

p.1698]. 

Summary 

Leakage, in any form, undermines the effectiveness of an environmental policy by reducing 

environmental benefits, increasing production costs, discouraging initial policy action, or 

discouraging “future accession by initial non-participants” [30, p.11]. Net damages can accrue 

locally or to all of society depending on the nature of the regulated activity. In most cases, the 

optimal policy is to increase the number of actors participating in regulation [30]. 

Fisheries managers should be no less concerned about policy-induced leakage. In some cases, 

fish stocks’ biological health may be uniquely susceptible to policy leakage. Catch restrictions in 

one area of a migratory species range could cause spatial harvest shifts to less-regulated areas. 

When catch shifts to a different spatial management area, fish may experience increased harvest 



 
 

mortality at a more vulnerable life-cycle stage. Economists have demonstrated that fishers 

exhibit spatial responses to area closures and marine reserves [41]. Point of fact, fishers’ level of 

support for marine reserve creating can be linked to the short-term opportunity cost of having to 

fish elsewhere [42]. Similar to carbon leakage from production shifting, fishers produce where 

economic opportunity resides. As such, input or output restrictions in fisheries do not simply 

eliminate effort from the total system of fisheries; rather, some portion of the effort affected by 

policy change redistributes to other areas. 

The focus of this study relates more to the social and economic impacts of fishery production 

shifting. It is easy to imagine parallels between activity shifting in deforestation and effort 

redirection in response to reduced ACLs. The following analysis attempts to detect evidence of 

this effect. One should also consider whether any such policy-induced production leakage is a 

short- or long-term problem. U.S. fishery management institutions are more nearly in a stable 

state relative to climate conventions. As such, fishery regulators may possess greater capacity to 

anticipate or rectify leakage threats, or they could be stymied by the increasing regulatory 

complexity that has developed over 35 years of management under MSA. 

Motivation for Policy Analysis: Case Studies on Approaches to Redirected Fishing Effort 

Black Sea Bass Pot Fishery Endorsements in the South Atlantic Region 

The Snapper-Grouper FMP regulates 73 of the 88 species managed by South Atlantic Fishery 

Management Council (SAFMC). Nine Snapper-Grouper stocks are undergoing overfishing and 

five are overfished [43]. The Council has considered measures to address redirected fishing 

effort resulting from the more stringent regulatory regime that followed the 2007 MSA 

reauthorization [44, p.3]. Snapper-Grouper FMP Amendments 13C, 16, 17A and 17B imposed 

commercial catch restrictions to end overfishing of black sea bass, vermillion snapper and 

shallow water grouper species [44, p.217]. In developing Amendment 18A, currently in the 

public comment phase, SAFMC recognizes that these commercial quota restrictions are likely 

responsible for increased intensity in the regulated open access black sea bass pot gear fishery. 

The Council has linked effort shifting from within the FMP to the steady decline of pot fishing 

season length for black sea bass [44, p.217]. Through the “endorsement” program described in 

Amendment 18A, SAFMC hopes to increase commercial fishing season length while stocks 



 
 

rebuild, promote the ability of long-time black sea bass pot fishers to continue fishing, and 

maintain entry opportunities for young fishers.  

Every year since 2009, the commercial season for black sea bass has closed before the most 

economically productive fishing period between November and February [44, p.3]. The fishery 

closed after only 45 days in the most recent year [44, p.217]. SAFMC anticipates that increased 

directed effort in the black sea bass pot fishery will “deteriorate profits,” while noting that 

economic performance cannot be the sole reason for a management action under MSA [44, p.3]. 

The endorsement program described here would limit participation in this portion of the snapper-

grouper fishery to Snapper-Grouper permit holders whose average annual black sea bass 

landings using pot gear met a certain threshold between January 1, 1999 and December 31, 2010, 

excluding those qualifiers who recorded no landings since 2008 [44, p.18]. SAFMC chose the 

endorsement program in favor of Snapper-Grouper Advisory Panel and Scientific and Statistical 

Committee recommendations to either “slow” black sea bass catch with monthly quotas or 

prohibit new entrants from the fishery while allowing all current participants to continue fishing 

[44, p.217]. The Council’s preferred management alternatives also include a provision allowing 

the transfer of endorsements between any two Snapper-Grouper permit holders [44, p.24]. 

Amendment 18B, also under development, presents a similar situation and management 

alternative for the golden tilefish fishery [45]. 

The Council specifically considers the economic impacts of endorsements. SAFMC fully expects 

the number of permits landing black sea bass to decline with respect to baseline years [44]. 

Management alternatives that reduce the number of vessels in a fishery could increase average 

vessel profitability, but increased profits for a subset of participants does not ensure higher 

profitability for the total fishery [44, p.116]. It follows that social benefits are preserved only for 

the traditional participants in the fishery unless effort rationalization programs for the remaining 

participants are adopted. Maximizing the benefits for traditional participants may be preferred 

following the assumption that endorsement-qualified vessels receive the greatest economic and 

social benefit from fishing black sea bass, since they had chosen to prosecute this fishery prior to 

catch limit reductions in other Snapper-Grouper fisheries.  



 
 

In regards to endorsement transferability, the Council notes a potential tradeoff between the 

benefits of efficient transfers and economies of participant stability [44, p.129]. Benefits may 

increase with stability for the fishers who remain active under endorsements. The basic theories 

of market economics would suggest, rather, that social and economic benefits are greatest when 

fewer constraints are placed on asset transfers. The Council also notes that free transfer of 

endorsements can threaten equity for capital-poor fishers, following well-known criticisms of 

transferable catch shares. A draft version of the Amendment comments that these relative 

benefits cannot be assessed until empirical data is available from the implemented program.  

Sideboards for Alaskan Crab and Groundfish Fisheries 

The following section describes three programs of the North Pacific Fishery Management 

Council (NPFMC) that limit the ability of harvesters, and sometimes processors, to expand their 

effort beyond traditional participation levels. In Alaska, opportunities to prosecute new fisheries 

tend to be driven by the establishment of rationalization programs. This stands in contrast to the 

South Atlantic where reduced catch limits are the main driver of effort redirection [44]. 

Nevertheless, the negative effects are of a similar type when effort spills over into regulated open 

access fisheries. NOAA’s Alaska Regional Office cites derby fishing, overcapitalization, reduced 

safety-at-sea, and increased bycatch and discard mortality in the presence of a race to fish [46]. 

In each case, the management response has included the adoption of sideboards, which cap 

participation in non-program fisheries at historical levels [47].  

NPFMC took final action in June 2004 to rationalize the Bering Sea and Aleutian Islands (BSAI) 

crab fisheries [48]. Prior to this action, Alaskan crab fisheries had attempted effort reduction 

through the License Limitation Program (LLP). Harvest and processing licenses were issued on 

the basis of historical participation, hoping to protect fishers with large capital investments and 

heavy economic reliance on fishery participation. The fact that seasons for different crab species 

did not overlap allowed vessels to participate in multiple fisheries. As stocks declined for Bering 

Sea snow crab and Bristol Bay red king crab, fishing seasons were reduced to weeks or even a 

few days. Fishers invested heavily to outcompete other LLP members, equipment sat idle for 

months out of the year between drastically shortened seasons, and stock improvement lagged as 

monitoring authorities struggled to enforce catch limits in real time during a short, dangerous 

season [48, p.10].  



 
 

The BSAI Crab Rationalization Management Program built on experience in eliminating the race 

to fish from halibut and sablefish IFQ programs as well as a cooperative management program 

for Bering Sea Pollock. Crab Rationalization allocated quota shares (QS) to harvesters and 

processors, and created incentives to participate in cooperatives that promote economic 

efficiency, stability [46]. The program also facilitated compensated excess capacity reduction 

through a $100 million NMFS vessel buyback program [48, p.65].  

Authorities recognized that rights-based management “may provide opportunities for participants 

to alter their behavior to increase participation in other fisheries” through the timing of fishing 

activity [48, p.146]. NPFMC’s specific concern was effort redirection into Gulf of Alaska (GOA) 

groundfish fisheries. The sablefish IFQ fishery is exempted from sideboard protection. Sideboard 

measures were developed based on groundfish landings by BSAI crab fishers from 1996-2000. 

Historical catch was normalized as a percentage of TAC and sideboard limits for each fisher in a 

given year are calculated as this percentage of the ACL [46]. The amount of catch granted in the 

protected fishery is not a guaranteed allocation, but rather a limit to potential harvest. In the Crab 

Rationalization Management Program, as in others, sideboards come in two types: a collective 

harvest limit for all sideboarded vessels, and total prohibitions on directed fishing in certain areas 

[46]. 

NPFMC created sideboards for two regional groundfish management programs. Both programs 

aim to enhance resource conservation and improve economic efficiency by establishing 

cooperatives that receive exclusive harvest privileges [47].  

Amendment 80 to the Bering Sea non-Pollock groundfish trawl fishery, implemented in FY2008, 

established a limited access privilege program (LAPP) and facilitated the formation of harvest 

cooperatives in the trawl catcher/processor sector [49]. Amendment 80 trawl fishers primarily 

catch Atka mackerel, Aleutian Islands Pacific Ocean perch, Flathead sole, Pacific cod, Rock 

sole, and Yellowfin sole. Sideboards limit the ability for BSAI trawl fishers to direct effort into 

GOA groundfish and Halibut fisheries, in consideration of historic harvest patterns and 

anticipated harvest needs [49].  

NPFMC authorized the Central GOA Rockfish Program for a 10 year period in June 2010 [50]. 

This program replaced the expiring 2007 Rockfish Pilot Program that had replaced an LLP 



 
 

management regime similar to the one phased out of the BSAI crab fishery. The Rockfish 

Program manages trawl and long-line fisheries in federal waters near Kodiak, Alaska. The 

Program assigns QS for Northern rockfish, Pacific ocean perch, pelagic shelf rockfish, Pacific 

cod, Rougheye rockfish, Shortraker rockfish, Sablefish, and Thornyhead rockfish. Harvesters 

and processors who opt out of the Rockfish Program at the time of QS issuance are still 

prohibited from increasing their participation in other GOA groundfish fisheries. Because the 

Central GOA rockfish fisheries are only open in July, sideboard measures for Program 

participants only apply during this period [47]. 

New England Groundfish Sectors 

Regulatory History and Program Design 

After years of decline in key commercial groundfish stocks, culminating in a lawsuit by the 

Conservation Law Foundation, NEFMC implemented the Northeast Multispecies FMP in 1986 

[2,24]. Attempts to improve the biological and economic performance of the fishery through 

effort control measures generally failed. Groundfish landings “trended upward between 1994 and 

2001 and fishing mortality on […] key groundfish stocks continued to exceed overfishing 

thresholds” [24, p.1077]. Measures included vessel buyback programs to reduce latent effort, 

year-round and seasonal area closures, trip limits, and a limited access program called days-at-

sea (DAS). 

The DAS and trip limit system was roundly unpopular. “Impossibly low” trip limits caused 

fishers to return to port early and discard marketable catch, forgoing production efficiencies and 

increasing variable costs such as fuel and ice [24,51]. DAS was blamed for overcapitalization in 

the form of gear capacity and reduced ability to time catch delivery to market demand. The latter 

required increased product storage costs and reduced the ex-vessel prices that onshore processors 

where willing to pay. In short, the initial limited access program exemplified all the 

inefficiencies of a race to fish.  

Moderate support for implementing an IFQ or catch share program was stymied by two factors. 

First, the 1996 reauthorization of the MSA imposed a moratorium on new IFQ systems in the 

United States. The moratorium was only lifted in 2004 after the National Research Council 

recommended that quota programs could benefit fisheries under careful planning [52,53]. 



 
 

Second, under the current reauthorization, any catch share program in New England requires a 

referendum passed by a two-thirds majority [24]. The current high bar would require broad 

initial quota allocations in order to gain the support of permit holders possessing low catch 

histories. Moreover, NEFMC was wary of undertaking the massive effort required to design a 

catch share system on which to vote, given the high risk of failing to pass it [24]. 

Following the 1996 IFQ moratorium, fishing cooperatives emerged as a middle ground between 

regulated open access and total rights-based fishery management. The Pacific Whiting 

Conservation Cooperative (PWCC) formed in 1997, ending the race to fish in the at-sea catcher-

processor sector of the Pacific whiting fishery. PWCC manages 34% of the total Pacific whiting 

TAC apportioned by the Pacific Fishery Management Council (PFMC). PWCC reports reduced 

bycatch from sharing information on non-target species hotspots, improved product quality, and 

reduced fishing effort [54]. Similar programs around the country resemble de facto IFQ 

programs operating outside of official regulatory authorization and tend to occur where TAC is 

“exclusively allocated to a sufficiently small and cohesive group of permit holders” [24, p.1076]. 

Cooperatives cite facilitating cooperative behavior and reduced compliance costs from self-

regulation as key factors in achieving biological and economic efficiency goals. 

With Multispecies FMP Amendment 13, NEFMC approved the first voluntary, cooperative 

quota management bodies within the groundfish fishery, called “sectors,” in 2004 [2, p.5]
4
. The 

first sector, Georges Bank Cod Hook Sector, was followed in 2006 by the Georges Bank Cod 

Fixed Gear Sector, authorized by Multispecies FMP Framework (FW) 42 [2, p.5]
5
. By accepting 

a hard TAC and managing it collectively, sector members gained exemptions from trip limits, 

seasonal closures, and limits on DAS [2]. Members benefited from increased efficiency, saw the 

value of their landings increase with advantageous timing to market demand, and even expanded 

their fishing activity as they were able to pursue “underutilized species without concern for lost 

[DAS] fishing time” [24, p.1077]. Amendment 13 also authorized DAS leasing and transfer 

programs for all groundfish permits. Sector members further benefitted by exempting the 

prohibition on leasing to vessels of a greater size [24]. 
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As the groundfish fishery continued to suffer under DAS, interest in expanding sector 

management increased. In addition, Amendment 13 was under fire from multiple lawsuits 

alleging that current management would only “marginally accelerate rebuilding efforts at 

significant loss of fishing opportunity,” damaging fishers, shoreside businesses, communities and 

consumers [55]. NEFMC began scoping for Multispecies FMP Amendment 16 in 2006. 

Amendment 16 accomplished two objectives: implementing annual catch limits (ACL) and 

accountability measures (AM) that required large catch reductions, and expanding the sector 

system [56]. It went into effect prior to fishing year 2010, marking a new era in New England 

groundfish management [2, p.5]
6
. FW 44 allocated Annual Catch Entitlement (ACE ) to 17 

sectors. ACE is the aggregate total of each member’s potential sector contribution (PSC) and is 

distributed on a stock-by-stock basis. PSC is determined on the basis of catch history from 1996-

2006. Defining a static PSC qualifying period was a critical design decision as it provided 

assurance that a vessel’s future allocation will not decrease if its entitlement is leased out [24]. 

The leasing of ACE within sectors, and between sectors given NFMS approval, is fundamental to 

achieving the program’s efficiency objectives. 

When Multispecies FMP Amendment 16 took effect on May 1, 2010, the fishery managed 20 

stocks over 13 species. 12 of these stocks were experiencing overfishing (with status of two 

stocks unknown) and 13 stocks were deemed overfished (status of one unknown) [57, p.7]. The 

Final Amendment defined sectors as “a way for fishermen to fish more efficiently and with more 

control over their daily activities” [57, p.16]. More broadly, increased sector participation was 

envisioned as a means to improve socioeconomic outcomes by granting fishers the ability to 

make more personal business decisions during the stock rebuilding process [57]. 

In the mode of established successful cooperatives, sectors were self-selecting and each 

represented a fairly cohesive membership. Most sectors were organized by existing industry 

organizations in order to “represent their members in the policy arena” [24, p.1078]. As a result, 

sector members tended to be familiar with one another and were willing to work together 

towards common objectives. Sector members are held jointly and severally liable for each 

other’s violation of fishing regulations, with pre-determined censure measures and the possibility 

of expulsion laid out in an annual Sector Operating Plan submitted to NMFS for approval. 
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Sectors are responsible for preparing environmental assessments within the NEPA framework, 

developing monitoring and reporting systems, and funding their own administrative costs. In 

response to the new management and transaction costs placed on fishers, non-profit 

organizations have stepped in to assist with management and supplementary funding. The 

Gordon and Betty Moore Foundation provides financial support to sectors, while the Gulf of 

Maine Research Institute, The Island Foundation, Penobscot East Resource Center, and 

Environmental Defense play a role in sector management [24,57]. While individual sectors 

represent a somewhat homogenous group, sectors tend to differ from each other in membership 

size, vessel type, predominant gear type, and geographic distribution. Despite these differences, 

most have employed a similar system of disbursing individual allocations to members that are 

transferable within the sector [24]. 

Permit holders who do not enroll in a sector, or the members of sectors that do not hold ACE for 

a given stock, continue to fish under DAS rules in what is called the “common pool.” 

Amendment 16 defines three classes of DAS permits. Class A DAS can be used without 

restriction; Class B can be released for special programs to provide access to newly rebuilt stocks 

with limited bycatch; Class C cannot be used, but is held in reserve in case fully rebuilt stocks 

can withstand higher levels of prosecution [24].  

The observed demand for sector programs underlines the inadequacy of the DAS system. Pre-

implementation estimates of sector participation were as high as 97% of TAC (aggregate sector 

ACE plus common pool quota) [24]. Figure 2 illustrates the relative share of targeted stocks for 

sectors and the common pool in FY2010 [2, p.220]. Prior to FY2011, NMFS reported that the 19 

sector applications – up from 17 in FY2010 – represented over 50% of eligible multispecies 

permits and over 90% of landings history (PSC) [2]. A May 2011 journalistic source reported 

that the common pool actually accounted for less than 1% of the fishery [51]. In fact, the latest 

available data on retained catch for the period May 1, 2011 through January 7, 2012 reports that 

of 22,522.7 total metric tons (mt) sector fishers accounted for 22,315.3 mt (99.08%) and the 

common pool only 207.4 mt (0.92%) [58]. 

  



 
 

Figure 2: Percentage of Allocated Target Stocks in All Sectors and the Common Pool  

 
Relative distribution of New England groundfish allocation between sector members and 

common pool fishers continuing to operate under Days-at-Sea regulation (as presented 

February 1, 2012) [2, p.220] 

Performance Assessment to Date 

NMFS and the Social Science Branch (SSB) of the Northeast Fishery Science Center (NEFSC) 

have expended considerable effort to assess the biological, economic and social impacts of 

groundfish sectors. In reference to Limited Access Privilege Programs (LAPP) like sectors, the 

National Standards enumerated in the MSA call for the promotion of social and economic 

benefits, fair and equitable initial allocations, sustained participation of small owner-operated 

vessels and their communities, avoidance of excessive fleet and geographic consolidation, and 

assistance for entry-level owners and crew [26]
7
. Socioeconomic standards are applied in 

addition to the primary objective of preventing overfishing and rebuilding overfished stocks 

while achieving optimum yield. 

1. Landings 

Opponents of sector management decry reduced groundfish catch limits, but active fishers 

claiming to be part of a less vocal majority note that such reductions would be required for stock 

rebuilding under any management system [51]. SSB’s Final Report on the first year of 
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groundfish sector performance concluded that all categories of fishermen achieved higher 

average net revenue per day in FY2010 [59]. Only 38% of aggregate allocated ACE across all 

groundfish species was caught, though this figure is skewed by low values for the high volume 

Pollock and Georges Bank Haddock allocations. Species catch as a percentage of allocated ACE 

generally ranged between 60-85% [59]. 

The original Georges Bank Cod sectors, authorized by Amendment 13 and FW 42, began 

operation by dividing their annual TAC into monthly quotas that were fished competitively by 

sector members [24]. This model resulted in an annual catch of around 60% of allocated Cod 

catch for FY2008 [24]. Summing over the three Multispecies FMP Cod stocks, Cod catch 

percentage grew to 85% of allocated ACE in FY2010 [59]. The 2011 Multispecies FMP 

Environmental Assessment notes that sector fishers are now allocating their ACE more evenly 

throughout the year [2,60]. This mode of fishing is a departure from the race to fish. It is possible 

that, given the entire fishing season to harvest their New England allocations, sector fishers can 

increase participation in non-groundfish fisheries. Conversely, fishing effort data from the 

common pool in FY2010 remains consistent with the pattern of intense early season effort as 

they compete for a share of a small sub-ACL [2, p.7]. 

Table 1 lists the groundfish sectors operating in the most recent year, the number of enrolled 

participants in each sector, and the states in which each sector’s members make their home port. 

Table 1: Current list of New England groundfish sectors, membership, and geographical 

distribution by home port 

2011 Groundfish Sectors Enrolled Members Home Port States 

Georges Bank Fixed Gear 96 MA 

Northeast Coastal Communities 28 MA, ME, NJ 

Port Clyde Community Groundfish 39 ME 

Sustainable Harvest 124 CT, MA, ME, NH, NJ, NY, RI 

Tri-State 19 MA, NC, NJ 

Northeast Seafood Coalition II 83 MA, ME, NH 

Northeast Seafood Coalition III 93 MA, ME 

Northeast Seafood Coalition IV 41 MA 

Northeast Seafood Coalition V 32 CT, MA, NJ, NY, RI 

Northeast Seafood Coalition VI 21 MA, NJ, NY, RI 

Northeast Seafood Coalition VII 20 MA, RI 

Northeast Seafood Coalition VIII 20 NJ, VA 

Northeast Seafood Coalition IX 60 MA, RI 

Northeast Seafood Coalition X 51 MA 



 
 

Northeast Seafood Coalition XI 46 ME, NH, NJ 

Northeast Seafood Coalition XII 11 ME, NH 

Northeast Seafood Coalition XIII 35 CT, MA, NY, RI 

2. Distributional Outcomes 

Academics and agency economists have recently increased efforts to develop indices for 

socioeconomic performance indicators. Notable products include a vulnerability index [61], the 

Fisheries Social Impact Assessment Model [62,63], the Canadian Genuine Progress Index 

focusing on fishery resilience [64], and job satisfaction studies [65]. NEFSC SSB has defined 

five categories of socioeconomic performance measures with varying degrees of quantitative 

measurability: (1) financial viability, (2) distributional outcomes, (3) well-being, (4) stewardship 

of marine resources, and (5) governance [66].  

NEFMC has not taken a quantitative approach to socioeconomic performance evaluation as of 

yet, but the Council has listed relevant management goals. Sector management goals include: 

harvesting at sustainable levels, reaching a fleet capacity that is commensurate with stock status 

and achieves economic efficiency, minimizing adverse impacts on fishing communities and 

shoreside infrastructure, and promoting stewardship [56]. In an October 2011 presentation 

reviewing the first year of groundfish sector management, NEFMC Staff commented that data is 

still too preliminary to assess fleet diversity and ideal fleet capacity as they pertain to community 

and social impacts [56]. That said, a NEFSC presentation given in the same month cited 

evidence of fleet consolidation and revenue concentration at the ownership level, relative to crew 

members, in FY2010 [59]. The number of vessels generating groundfish revenue decreased from 

approximately 700 to 500, while the number of vessels comprising the top 50 percentiles for 

groundfish revenue fell from around 80 to 40 [59].  

No official determination has been made on whether this fleet consolidation represents “ideal” 

levels. NEFSC’s Social Science Branch presented index measures of revenue equality among 

quota ownership groups [59, p.96-7]. Table 2 reports Gini index scores for the Multispecies 

fishery in two categories from 2007-2010. A Gini coefficient of zero represents perfect equality 

among individuals in the distribution, while a value of 1.000 would indicate that a single 

individual earns all of the fishing revenue. The first column reports annual Gini coefficients 

across a sample of all sector-affiliated fishers; the second column reports Gini coefficients only 



 
 

for those fishers who actively fished for groundfish. Two things are happening here: (1) sector 

management is observed to concentrate revenue in the hands of fewer fishers, and (2) revenues 

are somewhat more equitably distributed among active fishers, but less so among those who 

contribute their PSC but do not actually harvest any of their sector’s ACE. It bears repeating that 

these numbers only consider groundfish revenue, and inactive fishers may well fish in other 

fisheries. 

Table 2: Equity of revenue distribution among groundfish fishers, 2007-2010 

Year Gini value 

(all sector-affiliated vessels) 

Gini value 

(active groundfish vessels) 

2007 0.751 0.663 

2008 0.765 0.678 

2009 0.764 0.684 

2010 0.832 0.760 

Revenue equity is decreasing over time in the New England groundfish fishery. 

Excluding inactive sector-affiliated fishers decreases the level of inequity, 

indicating that these inactive fishers occur lower on the groundfish income 

distribution as a group. 

NEFSC also found that the owners of larger vessels (> 30’) fared better than their small vessel 

counterparts in net groundfish revenue per day. Interestingly, small vessel owners exhibited the 

greatest percentage increase in net revenue per day for non-groundfish trips, potentially 

reflecting the lease of groundfish ACE to larger vessels and redirection of effort away from the 

Multispecies fishery [59]. 

The language of Amendment 16 explicitly states that the “economic impacts of [the action] are 

expected to be severe and in some cases may threaten the existence of fishing businesses in some 

communities” [57, p.15]. Excess capacity in the fishery – partially an artifact of the regulated 

open access race to fish under DAS – combined with the economic opportunity to increase 

efficiency under sector management is expected to “threaten […] traditional fishing communities 

and reduce employment for crew” [24, p.1081]. Economic hardship may mainly be a function of 

reduced ACLs and more severe for communities that are more reliant on groundfish revenue. 

Nevertheless, those vulnerable communities can also be the ones most threatened by fishery 

consolidation if the community is comprised of small owner-operated vessels.  

Variable distributional impacts across the community spectrum are a major, as yet unmeasured, 

concern following FY2010. Fears of excessive consolidation have driven support for the 



 
 

expanded establishment of permit banks and the easing of ACE leasing restrictions. In FY2010, 

22 million pounds of ACE were transferred at a value of $13.5 million [59]. It is unclear whether 

this leased catch did more to promote efficiency and reduce regulatory discards, or contribute to 

consolidation. While the scope of consolidation is difficult to predict and data collection is 

ongoing, only five sectors indicated in their Operation Plans fewer vessels would be attached to 

permits in FY2011 compared to FY2010 [2, p.222]. Sector Environmental Assessments noted 

that the majority of potential effort redistribution was realized when DAS leasing and transfer 

programs were authorized by Amendment 13 [2, p.221-2]. 

Multispecies FMP Amendments 17 and 18 address leasing and consolidation. Amendment 17, 

currently in the public comment phase prior to final rulemaking, streamlines unexpected legal 

barriers to the transfer of ACE from to non-fishing state-operated permit banks to small vessel 

fishers and at-risk communities [67]. Amendment 18, currently in the scoping stage with a 

projected implementation date of May 2014, considers desired fleet diversity and may set caps 

on ACE accumulation [68]. 

Policy Impact Analysis:  

Assessing Policy-Induced Effort Spillover into Mid-Atlantic Commercial Fisheries 

The following section details the methods and data used to answer the policy question at hand: 

can a causal relationship be established between the expansion of New England’s groundfish 

sector management program and altered levels of participation in Mid-Atlantic commercial 

fisheries? This study employs an econometric method called difference-in-differences to estimate 

the direction and magnitude of the change in Mid-Atlantic fishing effort that is directly 

attributable to the policy change in New England. 

The resulting policy impact analysis draws on hundreds of model runs using data sets that 

capture fishery participants and targeted Mid-Atlantic-managed species under various levels of 

aggregation. When estimating an effect using observational data, an investigator defines 

treatment and control groups. A treatment group is defined to capture the segment of the studied 

population within which one might expect to observe a change in behavior. In this case, 

treatment groups are collections of the individual fishers who may or may not have altered their 

level of fishing effort in Mid-Atlantic fisheries after the implementation of NEFMC Amendment 

16 on May 1, 2010. For statistical comparison, control groups are defined to include the 



 
 

individual fishers who participated in the same Mid-Atlantic fisheries during the same study 

years, but were not affected by policy change in New England. 

The model used estimates the level of a measured outcome for the average individual fisher 

included in the sample. The outcome of interest is fishing effort. In fisheries, effort is typically 

defined as a measure of fishing intensity. Effort is often expressed in terms of fishing activity 

over a given period of time, described by units like trawl-hours or hook-hours. These effort 

measures represent an ideal, but require specific vessel-level information on gear types used and 

spatial areas fished. This information is recorded in trip reports and fishers’ logbooks, but the 

Atlantic Coastal Cooperative Statistics Program (ACCSP) notes that less than 100% of 

commercial landings are covered with such detail [69]. However, NMFS collects complete data 

on pounds and value of landings from both fishers and fish-dealers in a commercial fisheries 

database. For this study, the author has chosen to measure fishing effort by proxy of pounds and 

catch value (in dollars), thus these are the units of the outcome levels estimated in the model. 

1. Methods 

1.1 Difference-in-Differences Estimation 

Econometric estimation is necessary because it is impossible to simultaneously observe the level 

of Mid-Atlantic fishing effort both in the presence of and in the absence of the New England 

groundfish sector management program. In essence, if the assumptions of the model hold, 

difference-in-differences provides a statistical estimate of the policy counterfactual; in other 

words, what would have happened in the absence of the policy.  

Three treatment and control group formulations, described below, are used to test the effect of 

groundfish sector management on fishing effort in the Mid-Atlantic. The level of fishing effort, 

measured by proxy in either pounds or value of landings, is a function of many observable and 

unobservable factors.  In an ideal experiment, treatment and control groups would be the same in 

every way except for their levels in the outcome variable of interest. In such a case, the 

difference in the mean outcome level between the treatment and control groups would provide a 

confident measure of the effect of being in the treatment group. The multitude of unobservable 

factors affecting pounds and value of landings make it impossible to control for every factor that 

explains the difference in outcome levels between treatment and control. Weather, local product 



 
 

demand, and the strength of the overall economy as it impacts the opportunity cost of a fisher’s 

time are just a few examples of these unobservable factors that are not reported in commercial 

fisheries data.  

Difference-in-differences estimation is an appropriate strategy for this case because it compares 

the relationship between trends in outcome levels over time for treatment and control groups. 

The identifying assumption of this strategy is that, in the absence of treatment, the difference in 

treatment and control outcome levels – explained by omitted unobserved factors – remains the 

same over time. This first-stage difference describes the relationship between the underlying 

trends in treatment and control group fishing effort prior to policy implementation.  

The level of fishing effort for both groups will likely change following groundfish sector 

implementation. Whether this new relationship is a function of sector implementation or of other 

factors that vary with the passing of time is unknown at this point. When examining the post-

implementation, or second-stage, difference between treatment and control outcome levels, one 

must note that the total difference between treatment and control includes the difference in levels 

that existed prior to policy implementation.  

The effect of policy implementation on outcome levels is estimated by netting out the first-stage 

from the second-stage difference [70]. The difference-in-differences estimate captures the 

policy-induced change in the treatment group’s outcome relationship to the control group. In 

short, one can think of the difference-in-differences estimate as the effect of treatment on the 

treated. 

  



 
 

Figure 3: Graphical Illustration of Mean Difference-In-Differences Estimation 

 

If µit is the mean proxy effort level for individual i in time period t (i=0 for control and i=1 for 

treatment; t=0 pre-implementation and t=1 post-implementation) a difference-in-differences 

estimation of mean treatment effect is given (µ11- µ01) - (µ10 - µ00). The visualization in Figure 3 

represents this simplistic approach to effect estimation with difference-in-differences. Here it is 

assumed that all of the difference between the treatment and control groups is attributable to 

treatment. 

This study uses an ordinary least squares (OLS) regression-based differences-in-differences 

estimator with fixed-effects. A regression model is superior to the mean differencing estimation 

in its ability to control for variation in outcomes that are attributable to time period effects and 

time-independent effects. Effects that are invariant across time periods would include the 

essential differences between fishers, such as relative access to capital, skill level or experience 

to name but a few. Fixed-effects models provide valid estimates of outcomes even if the 

unobserved, time-independent individual effects are correlated with other regressors. As with 

other OLS models, conditional exogeneity is required. This means that, after controlling for 

observable and unobserved factors that differentiate one individual in the sample from another, 

Y 

t 

Time of 

Treatment 

First-stage 

Difference 

Second-stage 

Difference 

Differences-in-differences 

estimation 

The difference-in-differences estimate captures the change in outcome level (Y) for the treatment 

group (top line) relative to its relationship with control group outcome (bottom line) for the time 

period following policy implementation on the treated individuals. 



 
 

the expected value of the residual error is zero [71, p.7]. The basic fixed effects difference-in-

differences regression model is: 

                                (Eq. 2) 

Where i denotes an individual fisher, t denotes a time period, Yit is the outcome level for 

individual i in time period t, Xi takes the value of 1 for treated individuals and 0 for control, Tt 

takes the value of 1 in post-implementation periods and 0 pre-implementation, and ε is the error 

term. The estimated value of    is interpreted as the differences-in-differences estimator.  

1.2 Application 

The econometric estimation applied in this study draws on balanced panel data from NMFS 

commercial fisheries databases. Panel data refers to datasets that contain multiple observations 

on an individual over a series of time. Balanced panels contain the same number of observations 

for every individual. Data on raw landings by individual vessel permits was reshaped to form a 

balanced panel with a time-series dimension covering January 2006 – November 2011, providing 

pre- and post-sector data around the sharp implementation date of May 1, 2010.  

Each calendar year was subdivided into three seasonal periods, or trimesters (January-April; 

May-August; September-December), creating 18 time periods within the time series. Including a 

dummy variable as a regressor for each portion of the year absorbs the effect of time-specific 

aggregate landings shocks that would be correlated across individuals in a certain period, 

regardless of the year. Controlling for seasonal variation is particularly important for fisheries 

analysis as harvest patterns vary significantly in response to stock movements, spawning 

seasons, weather, regulatory restrictions, and intense derby periods in regulated open access 

fisheries. A vector of year dummy variables is also included to control for variation in outcomes 

that are unique to a given year but affect all individuals equally. Including year and seasonal 

effects in a fixed-effects model effectively yields individual-specific time trends. Failure to 

include such factors could create an omitted variables bias wherein the variation attributable to 

time effects could be correlated with both the outcome variable and other regressors included in 

the model. This sort of endogeneity problem can give biased estimates of included regressors’ 

marginal effects, as the model compensates for the effect of the omitted variable by over- or 

under-estimating coefficients on other explanatory variables. 



 
 

The fixed effects differences-in-differences models used in this study are: 

  

                                                           

                                    

  (Eq. 3) 

  

                                                          

                                    

  (Eq. 4) 

The dependent variables POUNDSit and VALUEit include individual outcome levels for a 

specified aggregation of species in Mid-Atlantic fisheries, depending on the model run. 

TREATMENTi takes a value of 1 or 0 depending on whether an individual is in the treatment or 

control group. Individuals are identified in the NMFS dataset by their six-digit federal permit 

number. PROGRAMt takes a value of 1 for time periods falling after May 1, 2010, and is 0 

otherwise. DIDit is an interaction of                     that takes a value of 1for 

treated individuals in post-implementation periods. β3 is the difference-in-differences estimator, 

capturing the average individual effect on the outcome variable attributed to treatment 

implementation.    is a vector that captures year-specific effects by taking a value of 1 for a 

given year during the studied period and 0 for all others, yielding year effect estimates of βγ 

where γ=2006, 2007, 2008, 2009, 2010, and 2011. 

The precision of the fixed effects nature of this model should not be hampered by 

multicollinearity so long as regressors display variation across time in addition to variation 

across individuals [70]. Perfect collinearity between estimated coefficients and individual fixed-

effects is not expected in fisheries data, which characteristically contains great temporal 

variation. Further, the large number of observations in each model run provides confidence that 

the requirement of strict conditional exogeneity will be met ( [   |   ]   ). The number of 

individual fishers included in a single model run was always large, with a minimum of 519 and a 

maximum of 2559. 

In this study, the OLS regression was estimated with clustered standard errors. Estimates made 

with this method are called robust. Robust estimation corrects standard errors to appropriately fit 



 
 

a heteroskedastic model where constant variation in the residuals, ̂ , in the error term ε cannot be 

assumed. Accounting for heterogeneity or lack of normality in calculating standard errors does 

not affect coefficient estimates, but provides superior measures of statistical significance [72]. 

Statistical significance is of the greatest importance given the goal of determining whether or not 

there is a causal relationship between sector implementation and altered Mid-Atlantic fishery 

participation by the treatment group. A significant value for β3, the difference-in-differences 

estimator, reflects a causal attribution regardless of the positive or negative sign on the 

coefficient. 

1.3 Definition of experimental treatment groups 

As mentioned, a treatment group is defined to include those individual fishers whom one might 

expect to be changing their Mid-Atlantic fishery participation in response to the expansion of 

groundfish sectors. In this study, each model run analyzes the change in proxy measures of 

fishing effort directed towards one or a set of Mid-Atlantic managed species with a particular 

treatment group defined. There are three formulations of treatment: 

Group 1: All fishers who reported landing any species managed under the New England 

Multispecies (groundfish) FMP, between 2006-2011; 

Group 2: All fishers who are enrolled in one of the 17 New England groundfish sectors; 

Group 3: All fishers who are enrolled in one of the 17 New England groundfish sectors, but who 

are reported by their sector manager as “inactive” in that year’s Sector Operations 

Plan submitted for NMFS approval prior to the May 1 start of the fishing year. 

Group 1 provides the broadest definition of treatment. Running a model with this treatment 

definition would indicate the effect of groundfish sector management, if any, on the level of 

Mid-Atlantic fishery participation for any individual whose landings history links him to the 

New England groundfish fishery. It was previously noted that many East Coast fishers land 

species that fall under different regional jurisdictional authority. With that in mind, using 

treatment Group 1 takes a wide view of who comprises the potential source of effort redirection. 

Finding a significant difference-in-differences estimator for a Group 1 model run could be taken 

to indicate a watershed change in how the fishing population targets New England and Mid-

Atlantic species as a result of the sector program. 



 
 

Group 2 fishers are a subset of Group 1; it includes only those individuals who enrolled in a 

sector, thereby contributing their catch history (PSC) to the sector’s collectively managed ACE. 

Total enrollment across 17 sectors in 2011 was 819 individuals. In keeping with the story that 

sector management creates opportunities to expand fishing activity beyond New England 

groundfish – by virtue of increased flexibility to catch groundfish over the entirety of the fishing 

season – one would expect to see a stronger positive increase in Mid-Atlantic fishery 

participation in Group 2 models relative to Group 1 models. If difference-in-differences 

estimates are significant for Group 2 but not for Group 1, one could infer that sector management 

altered Mid-Atlantic fishing effort for participating individuals, but not the entirety of the fishing 

community that lands New England-managed species. 

Group 3 fishers are a subset of Group 2, including those individuals who reap the financial 

benefits of their sector’s collective catch but do not actively fish their own allotted share. The 

number of inactive sector members was 448 in 2011. Idled in New England fisheries by their 

sector managers, inactive sector members might have the greatest opportunity to redirect effort 

into Mid-Atlantic fisheries. Some of these fishers may have been idled because their vessels are 

less efficient or they had a lesser desire to continue fishing. Nevertheless, taken as a group, the 

hypothesis of this study predicts that models run with treatment Group 3 should show the 

strongest, most positive increase in Mid-Atlantic fishery participation.  

1.4 Selecting, aggregating, and disaggregating Mid-Atlantic species for analysis 

Defining the scope of “Mid-Atlantic fisheries” is critical to conducting policy-relevant model 

runs. The MAFMC directly manages 13 marine species under seven FMPs, listed in Table 3.  

Table 3: Species managed by the Mid-Atlantic Fishery Management Council 

Species Scientific Name Fishery Management Plan 

Long-finned Squid Loligo pealei Atlantic Mackerel, Squid & Butterfish 

Short-finned Squid Illex illecebrosus Atlantic Mackerel, Squid & Butterfish 

Atlantic Mackerel Scomber scrombrus Atlantic Mackerel, Squid & Butterfish 

Butterfish Peprilus triacanthus Atlantic Mackerel, Squid & Butterfish 

Bluefish Pomatomus saltatrix Bluefish 

Spiny Dogfish* Squalus acanthias Dogfish 



 
 

Tilefish Lopholatilus 

chamaeleonticeps 

Tilefish 

Monkfish* Lophius americanus Monkfish 

Scup Stenotomus chrysops Summer Flounder, Scup & Black Sea Bass 

Summer Flounder Paralichthys dentatus Summer Flounder, Scup & Black Sea Bass 

Black Sea Bass Centropristis striata Summer Flounder, Scup & Black Sea Bass 

Surfclam Spisula solidissima Surfclam & Ocean Quahog 

Ocean Quahog Arctica islandica Surfclam & Ocean Quahog 

*Cooperatively managed with NEFMC 

The broadest possible definition of Mid-Atlantic fisheries includes all 13 species. Running 

models across the aggregated species landings, using each of the three previously defined 

treatment groups in turn, would provide a region-wide look at altered activity patterns in the 

Mid-Atlantic. This would also test the hypothesis that policy-induced effort shift is more strongly 

identified with sector members than the general population of New England fishery participants, 

and most strongly identified with those sector members who are inactive. 

The same models were also run on a reduced set of Mid-Atlantic species. It is easy to imagine 

that some species have a higher propensity to be targeted by recently idled New England sector 

members, or other individuals defined in treatment groups. Species attractiveness to New 

England fishers could stem from geographical stock distributions that straddle management 

regions, the amount of overlap in fishing seasons, ease of permit access for Mid-Atlantic species, 

or the similarity between the type of gear used on New England groundfish and identified Mid-

Atlantic species. These attributes were assessed based on information available from NMFS and 

NEFSC [73,74] as well as personal communication with MAFMC staff [75]. 

The following considerations were made when paring down the full roster of Mid-Atlantic 

species to eight species of special interest. New England groundfish species are primarily 

targeted with bottom and mid-water trawl gear. Landings data on Surfclams and Ocean quahogs 

was reasonably excluded given the specialized nature of the shellfish dredging fishery. Tilefish 

was excluded because the small number of active fishers and low entry-pressure has created a de 

facto ITQ fishery. Bluefish is excluded because it is a low-value fishery that is mainly prosecuted 

with hook-and-line gear. Black sea bass is excluded because over 40% of species landings are 

taken with pot fishing gear and commercial landings are heavily outweighed by recreational 



 
 

fishing [76]. Using each of the three treatment groups in turn, the model was run to determine 

effects on aggregated pounds and landed value outcomes for the eight remaining species: 

Summer flounder, Scup, Spiny dogfish, Long-finned squid, Short-finned squid, Atlantic 

Mackerel, Butterfish, and Monkfish. 

Noting that susceptibility to redirected effort varies across species according to the factors 

mentioned above, the three-treatment approach was applied to landings data for each of six Mid-

Atlantic species in isolation. The model runs used data on Summer flounder, Scup, Long-finned 

squid, Atlantic mackerel, Butterfish and Monkfish. Spiny Dogfish and Short-finned squid were 

dropped, having been identified as primarily incidental bycatch species. 

Finally, the analytical strategy narrows from taking all 17 New England groundfish sectors 

collectively to specific sector-species interactions. Each of the six individually analyzed Mid-

Atlantic species listed above was analyzed by running the model with Group 2 and Group 3 

treatment definitions comprised of the rostered fishers from one sector at a time. This level of 

analysis provides effect estimates that are not diluted by jointly considering multiple sectors or 

species whose effort-shift relationships in opposing directions could potentially cancel each other 

out. 

2. Results and discussion 

The full analysis described above includes 456 runs of the fixed-effects OLS regression model. 

This includes 228 difference-in-differences estimates for the effect of sector management on 

Mid-Atlantic pounds landed and 228 estimates for the effect on value of Mid-Atlantic catch.  

The estimated coefficient on the difference-in-differences estimator, β3, was noted as either 

positive or negative and either statistically significant at the 5% level, 10% level, or not 

significant.
8
 A significant positive value on β3 indicates that members of the specified treatment 

group increased their effort, vis-à-vis pounds or landed value, directed towards the Mid-Atlantic 

species whose landings data were assessed in that particular model run. A significant negative 

value on β3 reflects a decrease, or a shift of pre-policy baseline effort away from the fishery 

under inspection. Having controlled for the effort outcome effects attributable to the uniqueness 
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effect, given by the estimated coefficient β3, is different from zero when in fact it is not. 



 
 

of each fisher and the average effects of fishing years and within-year seasons, β3 provides a 

confident measure of the actual policy impact.  

The completeness of landings data provides confidence that any positive or negative change in 

fishery participation has been captured if it exists. ACCSP states that pounds and value are 

reported with complete coverage [69]. Further, the OLS model is expected to display adequate 

statistical power as the sample size of individual fishers in model runs for each species 

aggregation is large. Using sufficiently large samples is one of several factors that provide 

statistical power. Table 4 reports the total number of unique fishing permits included for species 

analysis ranging from all 13 Mid-Atlantic species to individual species tests. 

Table 4: Number of Individual Fishers Included in Each Species Aggregation Analysis 

Species Analyzed Number of 

Species 

Number of Individual 

Fishers in Dataset 

Complete Mid-Atlantic Species Roster 13 2259 

High-vulnerability Effort-Receiving Species 8 2380 

Long-finned Squid 1 586 

Atlantic Mackerel 1 555 

Butterfish 1 519 

Monkfish 1 1679 

Scup 1 898 

Summer Flounder 1 1253 

2.1 All Mid-Atlantic managed species considered jointly – all 17 groundfish sectors aggregated 

At the broadest level of analysis, results support the hypothesis that average Mid-Atlantic fishing 

effort for individual treatment group fishers has increased as a result of groundfish sector 

implementation. While there was no significant effect for treatment Group 1, subset treatment 

Groups 2 and 3 displayed increased landings and landed value after treatment.
9
 This further 

supports the second-order hypothesis that effort redirection is increasing in sector membership 

and further increasing in inactive sector member designation. The models estimate that the 

average sector member increased his broadly defined Mid-Atlantic fishery participation by 
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confidence level; see appendices for precise p-values. 



 
 

13,900 lbs. landed and $1,600 in value of catch.
10

 The average inactive sector member increased 

his participation by 12,600 lbs. landed and $3,100 value of catch. 

2.2 Eight high-vulnerability effort-receiving species considered jointly – all 17 groundfish 

sectors aggregated 

Restricting commercial landings data to those reported for the eight Mid-Atlantic species thought 

most susceptible to gear, season, management schedule, and area overlap with the New England 

Multispecies FMP yields important results for the direction of the study. No significant result 

was found for treatment Group 1 pounds landed, while Group 1 catch value actually decreased 

by $1,500. Treatment Groups 2 and 3 displayed increased pounds landed – by 10,900 and 9,400 

lbs. respectively – but the change in catch value for enrolled sector members and inactive sector 

members was not significantly different from zero. 

Under the study hypothesis, one would have expected to observe more intense increased fishing 

effort across these “likely target” species. Failure to observe this outcome could indicate a study 

design flaw in aggregating multiple species and all New England groundfish sectors. One might 

suppose that effort redirection is the result of specific factors that are not uniform across species 

and sectors. Interacting aggregated groups may give a false result as sector-species specific 

directional effects are cancelling each other out within the aggregated model. This concern 

motivates the following species-level analysis. 

2.3 Individual species effects – all 17 groundfish sectors aggregated 

Individually analyzing each of the six non-bycatch Mid-Atlantic species flagged for potential 

effort redirection begins to unpack the complexity of inter-regional policy-induced effort shift.  

Two species – Atlantic mackerel and Summer flounder – experienced increased pounds landed 

and catch value across all three treatment groups. On average, treatment Group 1 increased 

Atlantic mackerel pounds landed by 42,700 lbs., Group 2 by 51,300 lbs., and Group 3 by 32,200 

lbs.; Group 1 increased catch value by $7,100, Group 2 by $6,800, and Group 3 by $4,300. 

Similarly, average Summer flounder pounds landed increased for Group 1 by 600 lbs., Group 2 
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by 1600 lbs., and Group 3 by 1900 lbs.; Group 1 increased catch value by $700, Group 2 by 

$2,500, and Group 3 by $2,600. These results reflect the hypothesized increase in effort from 

New England fishers. The increase in proxy effort magnitudes, moving from Group 1 to Group 

3, indicates that inactive sector members have shifted to targeting Summer flounder with the 

most intensity. By comparison, the magnitude of effort shift was decreasing from Group 1 to 

Group 3 for Atlantic mackerel, perhaps suggesting that while all New England-related fishers 

increased Atlantic mackerel harvest, non-sector affiliated fishers did so with the most intensity. 

Two species – Butterfish and Scup – experienced mixed results. For Butterfish, Group 1 

increased catch value of harvest, but there was no significant change in pounds landed. Both 

measures increased on average for Group 2 – 800 lbs. and $500 value – but neither effort 

measure showed significant effects for Group 3. Here again, complexity reveals itself as enrolled 

sector members altered participation in the Butterfish fishery but inactive members did not 

remotely reallocate activity in this fishery. Effort in the Scup fishery behaved in a similar 

fashion. Group 1 increased pounds landed by 1,500 lbs. on average, but displayed no increase in 

catch value. Both measures increased for Group 2 – 5,000 lbs. and $2,100 – but neither measure 

showed significant effects in Group 3.  

Two species – Long-finned squid and Monkfish – experienced a general decrease in effort from 

New England fishers. These results support the previous analysis that species-specific effects 

could be occurring in opposing directions, yielding models on aggregated species data 

inadequate. For Long-finned squid, treatment Groups 1 and 2 displayed decreased pounds landed 

– on average 5,400 and 6,500 lbs. respectively – but no significant effect on catch value. Neither 

effort measure experienced significant effect on catch value. No indication of effort redirection 

existed for Long-finned squid among inactive Group 3 fishers. Monkfish experienced a stronger 

decrease in effort measures from New England fishers, though the statistical effect weakened for 

Group 3 as it did for Long-finned squid. Group 1 decreased Monkfish pounds landed by 600 lbs. 

and catch value by $900; Group 2 decreased pounds landed by 700 lbs. and catch value by 

$1,100. The abatement of negative effort shift among Group 3 fishers may lend a little more 

weight to the second-order hypothesis of inactive sector members gaining freedom to either 

increase or sustain Mid-Atlantic fishing activity. 



 
 

2.4 Individual species vs. individual groundfish sector effects 

The results summarized above provide a clear message that inter-regional effort redirection is too 

complex to assess by aggregated means. The 17 New England groundfish sectors vary in several 

important characteristics. For the purpose of this study, the expected propensity of fishers from a 

given sector to redirect effort into Mid-Atlantic fisheries is assessed on the basis of predominant 

gear type and the geographical distribution of members’ home ports.  

Some sectors, such as the Northeast Coastal Communities Sector, draw their membership 

exclusively from small owner-operated day boat fishermen who use hook and line gear [77]. 

Others may have more diversity in their fleet or be primarily comprised of larger trawl vessels. 

In regards to home ports, some sector rosters are home ported entirely in Northern New England 

states that surround the Gulf of Maine (Massachusetts, New Hampshire, and Maine). The 

northernmost sectors, by geographic membership distribution, include the Port Clyde 

Community Groundfish Sector, Northeast Seafood Coalition Sector (NEFS) II, NEFS III, NEFS 

IV, NEFS X and NEFS XII. Other sectors include enrolled members who are home ported in 

Mid-Atlantic states (North Carolina, Virginia, Delaware, New York and New Jersey). This set 

includes the Sustainable Harvest Sector, Tri-State Sector, NEFS VI, and NEFS VIII. Yet a third 

group of sectors could be roughly classified as straddling the political boundary between the 

New England and Mid-Atlantic Council regions, or being comprised of members from 

Connecticut and Rhode Island – New England states that are closer to Mid-Atlantic waters than 

the Gulf of Maine. These sectors include NEFS V, NEFS VII, NEFS IX, and NEFS XIII.  

Table 5 lists the New England sectors and classifies them according to the author’s predicted 

expectation of observing effort shift from their member ranks. These rankings are subjective 

based on map inspection, reported predominant gear type, and communication with those 

familiar to sector operation. 

  



 
 

Table 5: Pre-analysis prediction of likelihood to increase participation in 

Mid-Atlantic Fisheries, by groundfish sector 

 

 

New England Groundfish Sector 

Predicted propensity to 

Redirect Effort              

(low, moderate, high) 

Georges Bank Fixed Gear  Low 

Northeast Coastal Communities Low 

Port Clyde Community Groundfish Low 

Northeast Seafood Coalition II Low 

Northeast Seafood Coalition III Low 

Northeast Seafood Coalition IV Low 

Northeast Seafood Coalition V High 

Northeast Seafood Coalition VI High 

Northeast Seafood Coalition VII Moderate 

Northeast Seafood Coalition VIII High 

Northeast Seafood Coalition IX Moderate 

Northeast Seafood Coalition X Low 

Northeast Seafood Coalition XI Moderate 

Northeast Seafood Coalition XII Low 

Northeast Seafood Coalition XIII Moderate 

Sustainable Harvest High 

Tri-State High 

The color maps in Figures 4 and 5 illustrate the direction of statistically significant results. Green 

boxes represent an increase in the effort measure indicated, while red boxes represent a decrease. 

Note strong and consistent patterns across a species for all sectors (Atlantic mackerel, for 

example) and consistent results within an individual sector (such as the general effort increase in 

NEFS V, NEFS VIII and the Tri-State Sector) or effort decreases in NEFS VI. Comparing the 

two color maps to one another highlights sectors in which inactive members behaved differently 

than did enrolled members at large – as in the case of NEFS X. These qualitative results are not 

individually sufficient for drawing management conclusions, but provide a good starting place 

for more detailed quantitative analysis. 
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Figure 4: Direction of treatment effects for enrolled sector members, by sector and by Mid-Atlantic species 

 

 

Figure 5: Direction of treatment effects for inactive sector members, by sector and by Mid-Atlantic species 

 

  

Increase (5% significance level)

Increase (10% significance level)

No Significant Effect

Decrease (10% significance level)

Decrease (5% significance level)

Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value

Long-finned Squid  

Atlantic Mackerel  

Butterfish  

Monkfish  

Scup  

Summer Flounder  

NEFS VIII NEFS IXNEFS II NEFS III NEFS IV NEFS V NEFS VI NEFS VII

Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value

Long-finned Squid  

Atlantic Mackerel  

Butterfish  

Monkfish  

Scup  

Summer Flounder  

Sust. Harvest NE Coastal Comm. Port Clyde Comm. Tri-State Georges BankNEFS X NEFS XI NEFS XII NEFS XIII

Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value

Long-finned Squid  

Atlantic Mackerel  

Butterfish  

Monkfish  

Scup  

Summer Flounder  

NEFS VII NEFS VIII NEFS IXNEFS II NEFS III NEFS IV NEFS V NEFS VI

Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value

Long-finned Squid  

Atlantic Mackerel  

Butterfish  

Monkfish  

Scup  

Summer Flounder  

NEFS XIII SHS NCCS PCCS TSS GBFGNEFS X NEFS XI NEFS XII



 
 

Full quantitative results are required to provide managers with policy signals. These results are 

included in appendix material. For narrative purposes, this section includes a mainly qualitative 

overview. Sector-species analysis excludes treatment Group 1 by definition.  

The number of sectors whose enrolled members (Group 2) increased their participation, by 

pounds landed, outnumbered the sectors that decreased participation in four of the six Mid-

Atlantic species analyzed (Table 6). The same was true for effort measured by value of catch, 

though Scup displayed a stronger value increase than it did for pounds. 

Table 6: Direction of policy-induced effort shift for treatment Group 2 (sector members) 

 Pounds Landed Value of Catch 

Species # Sectors 

Increasing 

# Sectors 

Decreasing 

# Sectors 

Increasing 

# Sectors 

Decreasing 

Atlantic Mackerel 17 0 17 0 

Long-finned Squid 8 3 6 1 

Butterfish 3 1 3 1 

Monkfish 5 4 2 3 

Scup 3 5 3 0 

Summer Flounder 2 6 3 4 

The breakdown of directional effort shift by sector was the same for the inactive sector member 

treatment definition (Group 3); four of six Mid-Atlantic species saw more sectors increasing 

effort than decreasing it (Table 7). For pounds, the species for which more sectors increased 

participation were the same as in treatment Group 2 effects. For catch value, effort was 

increasing in the same number of sectors, but Butterfish now shows a more negative treatment 

effect.  

Table 7: Direction of policy-induced effort shift for treatment Group 3 (inactive members) 

 Pounds Landed Value of Catch 

Species # Sectors 

Increasing 

# Sectors 

Decreasing 

# Sectors 

Increasing 

# Sectors 

Decreasing 

Atlantic Mackerel 14 0 14 0 

Long-finned Squid 8 0 5 2 

Butterfish 2 2 1 3 

Monkfish 5 2 3 2 

Scup 2 5 3 0 

Summer Flounder 2 4 1 3 



 
 

Notice first that Atlantic mackerel and Long-finned squid display the greatest across-the-board 

effort increases for sectors taken individually, both in gross and in net. Based on personal 

communication, this result for Long-finned squid is not surprising. Long-finned squid permits 

are readily available and, prior to the passage of Amendment 16 in New England, a small 

number of vessels were accounting for the vast majority of the catch in this regulated open 

access fishery. These factors combine to create a fishery with a high level of latent effort. 

Moreover, Long-finned squid are not easily frozen so fishers are driven into competition over 

shorter time periods, resulting in a derby style fishery. It is easy to imagine that sector members, 

active or inactive, would delay harvest in the rights-based cooperative New England groundfish 

fisheries and jump into the Long-finned squid derby when it opens [75]. Recall, though, that 

results in Section 2.3 showed an aggregate decrease in sector member effort in the Long-finned 

squid fishery. This discrepancy provides important management information, as a manager could 

infer that a few sectors are decreasing Long-finned squid effort by a large magnitude, while a 

greater number of sectors are increasing effort in small ways. 

The overwhelmingly positive results for Atlantic mackerel were unexpected, and illustrate the 

value of this analysis. Managers familiar with Mid-Atlantic fisheries did not expect to see such a 

consistent positive influx of directed effort across all sectors. This strong result raises 

management flags and begs new questions. The data reflects past actions unequivocally. 

However, there could be information responses at work here that are not controlled for in the 

model. There is some speculation that fishers have increased targeting Atlantic mackerel because 

they are anticipating a future regulation that will tie allowable catch to catch in prior years [75]. 

This possibility occurred to Mid-Atlantic managers when considering the preliminary results of 

this study, again demonstrating the study’s prospective value. Managers can now consider recent 

activity shifts in the Atlantic mackerel fishery armed with the knowledge of how much incoming 

effort New England sector members contribute and how willing they are to redirect effort 

towards Mid-Atlantic fisheries. 

It is also worth noting that Summer flounder is the only species for which more sectors decreased 

effort, by either measure, than increased it. This stands in direct contrast to the results from 

analyses run with all 17 sectors aggregated. The obvious conclusion is that the magnitude of 



 
 

effort increase in a few sectors was so great as to carry along those with small effort decreases in 

reaching a significant result of aggregated effort increase. 

2.5 Magnitude of fishing effort and redirected effort in studied Mid-Atlantic fisheries 

In order to understand the management significance of the study results, one needs information 

on the magnitude of total Mid-Atlantic fishing effort, total harvest limits set by MAFMC, and the 

amount of effort entering Mid-Atlantic fisheries due to New England groundfish sectors. 

Table 8 presents the MAFMC harvest targets and reported pounds landed for each of the eight 

Mid-Atlantic species identified as more likely to be the object of redirected fishing effort from 

New England. MAFMC publishes total harvest targets online [78,79] by either pounds or metric 

tons. Targets for species listed in metric tons were converted at a ratio of 1 mt = 2606.62 lbs. 

Poundage for optimum yield are used where multi-level management targets are listed. 

Table 8: MAFMC management targets and reported catch (lbs) for studied Mid-Atlantic 

fisheries 

Species 2010 Harvest 

Target (lbs) 

2010 Reported 

Catch (lbs) 

2011 Harvest 

Target (lbs) 

2011 Reported 

Catch (lbs) 

Atlantic Mackerel 253,761,300 21,678,485 103,223,477 1,054,723 

Long-finned Squid 41,190,976 14,625,419 44,132,400 19,495,239 

Butterfish 26,865,599 1,131,203 1,103,310 1,107,613 

Monkfish      473,761,314* 8,690,277 14,490,874 8,425,468 

Scup 10,680,000 8,194,662 15,600,000 9,836,134 

Summer Flounder 12,880,000 11,452,557 17,380,000 11,898,119 

*In 2008 NEFMC set the commercial catch target for Monkfish at 92,000 mt for the 

Northern management area and 122,500 mt for the Southern management area [80]. 

Data used in this study includes all landings from Northern and Southern management 

areas, so the total mt is reported here in pounds. A new target, set by Framework 

Adjustment 7 in 2011, is reflected in the 2011 target [81].  

Table 9: Total catch value ($) of studied Mid-Atlantic fisheries in post-treatment years 

Species 2010 Total Value of Catch ($) 2010 Total Value of Catch ($) 

Atlantic Mackerel 3,777,815 293,537 

Long-finned Squid 15,546,600 21,671,558 

Butterfish 738,165 809,878 

Monkfish 18,775,682 19,524,664 

Scup 5,110,494 4,820,731 

Summer Flounder 22,855,882 20,477,393 



 
 

The targets and catch reported in Table 8 clearly indicate that Mid-Atlantic fisheries are well 

controlled and absent the overfishing pressure observed in other management regions. 

Nonetheless, managers will be concerned about increased effort to the extent that it dilutes 

profitability for all participants. The sources of profit reduction are discussed earlier under the 

topic of regulated open access management, the myriad inefficiencies of intra-fishery 

competition, and the “race to fish.” 

As explained above, this study provides an estimate of the additional effort – in pounds landed or 

catch value – supplied by the average individual effort redirecting (treatment group) fisher. 

Complete results are given in Appendix A by a coefficient estimate and standard error. In this 

summary, attention is focused on the individual species-sector effects. For treatment Groups 2 

and 3, Tables 10 and 11 reports the sectors with the greatest statistically significant cumulative 

effect for each of the six individually studied species. Average individual effects are multiplied 

by the number of individuals in the relevant treatment group for that sector, providing a final 

estimate of the effect magnitude.  

Total effects across all sectors could be gleaned from multiplying the effect estimates for the 

aggregated sector model runs by the total number of sector members (or inactive members). 

However, these aggregated effect magnitudes are less useful to managers as they provide no 

resolution on the specific locus of the newly redirected effort. Such an aggregation lumps in 

effort reductions by some sector groups for certain species, which is also important management 

information. Thus, only maximum increases are noted in text. 

Calculating the cumulative effect for each sector lends some clarity to the question of which 

sectors are adding the most fishing effort to regulated open access Mid-Atlantic fisheries. Simply 

reading Tables 10 and 11 should alert managers to several significant occurrences: Northeast 

Seafood Coalition Sector III has increased participation in the Atlantic mackerel fishery; Tri-

State Sector has increased Long-finned squid participation; Northeast Seafood Coalition Sector 

XIII has increased Butterfish participation; Northeast Seafood Coalition Sector V has increased 

Scup and Summer flounder participation; and the idled members of Northeast Seafood Coalition 

Sectors XI and VIII have increased participation in Monkfish and Summer flounder fisheries, 

respectively. 



 
 

Table 10: Summary results for sectors with the greatest effects from enrolled members 

 Atlantic 

Mackerel 

Long-finned 

Squid 

Butterfish Monkfish Scup Summer 

Flounder 

Sector NEFS III Tri-State NEFS XIII NEFS V NEFS V NEFS V 

Effect Magnitude 

(lbs) 

1,602,145 120,812 33,912 29,239 460,586 146,055 

# Individuals in 

Treatment Group 

42 13 28 38 37 38 

Avg. Individual 

Effect (lbs) 

38,146** 9,293** 1,211** 769* 12,448** 3,844** 

Sector NEFS III Tri-State NEFS XIII NEFS XII NEFS V NEFS V 

Effect Magnitude 

($) 

212,064 90,492 22,640 10,929 187,962 242,378 

# Individuals in 

Treatment Group 

42 13 28 8 37 38 

Avg. Individual 

Effect ($) 

5,049** 6,961* 809** 1,366** 5,080** 6,378** 

Table 11: Summary results for sectors with the greatest effects from inactive members 

 Atlantic 

Mackerel 

Long-finned 

Squid 

Butterfish Monkfish Scup Summer 

Flounder 

Sector NEFS III Tri-State NEFS XIII NEFS XI NEFS V NEFS VIII 

Effect Magnitude 

(lbs) 

1,181,562 94,487 19,032 32,206 674,105 91,706 

# Individuals in 

Treatment Group 

42 13 28 36 37 18 

Avg. Individual 

Effect (lbs) 

28,132** 7,268** 680** 895** 18,219** 5,095* 

Sector NEFS V NEFS II NEFS VIII NEFS XI Tri-State NEFS VIII 

Effect Magnitude 

($) 

166,979 514,858 3,240 62,590 7,067 103,938 

# Individuals in 

Treatment Group 

35 25 4 36 12 18 

Avg. Individual 

Effect ($) 

4,771** 20,594** 810** 1,739** 589** 5,774* 

* Statistically significant result at the 10% confidence level 

** Statistically significant result at the 5% confidence level 

The results in Tables 10 and 11 go a long way in confirming the rationale for evaluating 

individual sector-species interactions. Earlier in this section it was proposed that sectors may be 

distinct from one another in their likelihood of redirecting effort. Sector differences were thought 

to be a function of geographical home port distribution and predominant gear type. Table 5 rates 

the sectors’ pre-analysis predicted likelihood to display effort redirection. The results support 



 
 

these rankings, and provide a measurable starting place for management action – to the extent 

that Mid-Atlantic fishery managers feel this increased fishery participation could affect 

socioeconomic outcomes. Of the sectors listed for having the greatest effect magnitude, by one 

or both effort measures, only NEFS III and NEFS XII were predicted to display low effort 

redirection. Three of five high-likelihood sectors appear in Tables 10 and 11 (NEFS V, NEFS 

VIII, Tri-State), while two of four moderate-likelihood sectors appear (NEFS XI, NEFS XIII).   

It is also worth noting that several strong results for increased effort among inactive sector 

members (treatment Group 3) fell just beyond the 10% threshold for statistical significance in 

this study. Inactive members from NEFS XIII increased value of Butterfish catch by more than 

double the amount reported for NEFS VIII in Table 11 (p-value = 0.152). More interestingly, 

inactive members from NEFS V increased value of Scup catch by more than 30-times the 

amount reported for inactive Tri-State Sector members – over $220,000 on aggregate compared 

to ~$7,000. Similarly, inactive members from NEFS II increased landed pounds of Long-finned 

squid by around 3.5-times the amount reported for the Tri-State Sector – over 320,000 lbs. 

compared to about 94,500 lbs. Strong “non-results” like these beg further inquiry through more 

sophisticated regression models or at least call for the application of anecdotal knowledge to 

potentially major outcome-changing regulatory-induced impacts. 

The cumulative magnitude of increased pounds landed only accounts for, at most, a few 

percentage points of the total annual catch limits for these Mid-Atlantic fisheries (reported in 

Table 8). Despite this fact, true management significance cannot be truly assessed until there are 

fully developed measures to understand the socioeconomic impact of economic rent dissipation 

in regulated open access fisheries. Bear in mind that these fisheries make up the entirety of 

income for many stakeholders, that fisheries support a wide range of onshore businesses, and that 

margins may be thin. In the meantime, this study provides an important first look at whether 

effort redirection is occurring and, where it is, provides information on the order of magnitude. 

Among the several points of interest in Appendix A full results are cases where effects for Group 

2 and Group 3 tests show movement in opposite directions. Such a result would represent the 

most overt case of policy-induced effort shift. One such case is the interaction of NEFS XIII 

members with the Mid-Atlantic Scup fishery. Enrolled sector members increased catch value by 

over $120,000 on aggregate, while inactive members actually had a cumulative value reduction 



 
 

of $53,000. Similar conclusions can be drawn for cases where the Group 3 results are statistically 

significant while Group 2 results are not, or vice versa. 

Conclusion 

Policy-induced transboundary behavior shifts exist in U.S. federal commercial fisheries. The 

first-order goal of the study was to identify such a shift using a comprehensive time-series panel 

of commercial landings data for East Coast fisheries. The essential contribution here was to 

identify those groundfish sectors whose members are more likely to redirect fishing effort into 

regulated open access fisheries given the implementation of rights-based management in a 

neighboring management region. The study succeeds in quantifying changes in New England 

groundfish fishermen’s behavior that are attributable to sector management, and does so while 

controlling for general time-variant effects. Future studies may achieve more granularity in 

quantitative results by controlling for more sector-specific factors when using a regression-based 

approach.  

The magnitude and direction of effort shift is not homogenous across sectors or Mid-Atlantic 

fisheries. In the case of species with a general positive treatment effect, managers should 

consider anecdotal knowledge of the fishery’s regulatory history and upcoming rule changes. For 

example, the methodology in this paper only considers the effect of anticipatory behavior on 

current landings to the extent that it is captured in year effects. 

The methods and results outlined in this paper provide a platform for regulatory impact review. 

Resource managers in effort-receiving fisheries should use this information to profile risk. In the 

case of regulated open access Mid-Atlantic fisheries with low barriers to entry, the key risk is 

rent dissipation and reduced profits for fishers who derive the entirety of their income from 

targeting Mid-Atlantic species. It is not clear that expanding sector management in New England 

has pushed Mid-Atlantic fisheries significantly closer to a “race to fish” than they were prior to 

policy implementation.  

Future study could link reduced fishing incomes to downstream effects on regional economies 

and supporting industry. It is not presently clear whether or not increased effort in Mid-Atlantic 

fisheries is a bad thing. Short of establishing its own rights-based management programs, it does 

seem clear that the Mid-Atlantic Fishery Management Council is powerless to block an effort 



 
 

influx. While Mid-Atlantic stocks remain relatively stable and total harvest remains well below 

annual limits, MAFMC’s top priority will continue to be tracking its stakeholders’ 

socioeconomic outcomes. This study provides a useful first-step in identifying the fisheries 

where future risk lies. 
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Appendix A 

Full analysis results (Effect estimate β3, standard error, and p-value). Coefficients market 

“omitted” indicates that Stata dropped the difference-in-differences estimator due to 

autocorrelation. 

Three treatment group approach; all Mid-Atlantic managed species; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 -94.44 4290.452 0.982 

 Group 2 13927.38 2776.989 0.000 

 Group 3 12585.3 2966.707 0.000 

VALUE     

 Group 1 1628.86 1469.345 0.268 

 Group 2 3351.14 1285.64 0.009 

 Group 3 3080.95 1763.951 0.081 

 

  



 
 

Three treatment group approach; restricted list of 8 Mid-Atlantic species; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 -6226.46 3873.371 0.108 

 Group 2 10873.57 2698.397 0.000 

 Group 3 9440.55 2901.184 0.001 

VALUE     

 Group 1 -1535.52 832.033 0.065 

 Group 2 1617.29 1084.653 0.136 

 Group 3 1236.48 1612.36 0.443 

 

Three treatment group approach; Long-finned squid; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 -5437.25 1342.549 0.000 

 Group 2 -6468.29 2238.125 0.004 

 Group 3 -410.21 3036.581 0.893 

VALUE     

 Group 1 -1834.14 1359.357 0.178 

 Group 2 -1330.05 2054.523 0.518 

 Group 3 -555.03 3698.36 0.881 

 

Three treatment group approach; Atlantic mackerel; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 42701.2 25820.78 0.099 

 Group 2 51307.3 13415.41 0.000 

 Group 3 32192.29 8732.234 0.000 

VALUE     

 Group 1 7067.1 3777.956 0.062 

 Group 2 6818.1 1674.961 0.000 

 Group 3 4253.08 1131.3 0.000 

 

  



 
 

Three treatment group approach; Butterfish; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 279.5 193.4223 0.149 

 Group 2 768.41 191.4317 0.000 

 Group 3 -1.3 338.8684 0.997 

VALUE     

 Group 1 167.1 99.26056 0.093 

 Group 2 467.2 117.6063 0.000 

 Group 3 33.3 204.456 0.870 

 

Three treatment group approach; Monkfish; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 -578.03 187.3029 0.002 

 Group 2 -723.7 209.154 0.001 

 Group 3 -448.23 342.71 0.191 

VALUE     

 Group 1 -885.55 307.9216 0.004 

 Group 2 -1081.97 409.1662 0.008 

 Group 3 -1170.36 395.2548 0.092 

 

Three treatment group approach; Scup; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 1511.91 362.6792 0.000 

 Group 2 4982.41 1055.154 0.000 

 Group 3 3503.07 2183.533 0.109 

VALUE     

 Group 1 192.53 207.3071 0.353 

 Group 2 2148.65 578.3661 0.000 

 Group 3 1451.33 1030.885 0.160 

 

  



 
 

Three treatment group approach; Summer flounder; all sectors: 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 1 558.29 241.3083 0.021 

 Group 2 1639.5 371.2221 0.000 

 Group 3 1932.97 955.0789 0.043 

VALUE     

 Group 1 719.02 408.4902 0.079 

 Group 2 2462.18 656.6525 0.000 

 Group 3 2550.11 1483.117 0.086 

 

Long-finned squid; NEFS II 

POUNDS  Coefficient Standard 
Error 

p-value 

 Member 3756.71 1608.308 0.020 

 Marginal1 12891.31 8580.145 0.134 

VALUE     

 Member 2293.15 1680.102 0.173 

 Marginal1 20594.3 9359.297 0.028 

 

Long-finned squid; NEFS III 

POUNDS  Coefficient Standard 
Error 

p-value 

 Member 5212.91 833.5869 0.000 

 Marginal1 omitted   

VALUE     

 Member 2215.21 770.9538 0.004 

 Marginal1 omitted   

 

Long-finned squid; NEFS IV 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 5161.41 833.5878 0.000 

 Group 3 5794.02 856.081 0.000 

VALUE     

 Group 2 2194.51 770.954 0.005 

 Group 3 3849.61 696.7861 0.000 

 



 
 

Long-finned squid; NEFS V 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -9098.57 6041.238 0.133 

 Group 3 5317.78 11463.91 0.643 

VALUE     

 Group 2 3531.99 6101.222 0.563 

 Group 3 17439.02 14384.21 0.226 

 

Long-finned squid; NEFS VI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -11760.4 5654.705 0.038 

 Group 3 -7461.31 4597.454 0.105 

VALUE     

 Group 2 -8241.57 4012.319 0.040 

 Group 3 -8399.64 3406.562 0.014 

 

Long-finned squid; NEFS VII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -6678.08 7097.869 0.347 

 Group 3 1677.77 2499.118 0.502 

VALUE     

 Group 2 -2925.55 2997.059 0.329 

 Group 3 -979.57 2003.435 0.625 

 

Long-finned squid; NEFS VIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -5003.86 6974.88 0.473 

 Group 3 -3496.71 8276.232 0.673 

VALUE     

 Group 2 516.48 5794.139 0.929 

 Group 3 -3697.56 6620.26 0.577 

 

  



 
 

Long-finned squid; NEFS IX 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 1672.84 2579.712 0.517 

 Group 3 3423.29 2896.039 0.238 

VALUE     

 Group 2 85.4 2090.578 0.967 

 Group 3 1808.11 2619.528 0.490 

 

Long-finned squid; NEFS X 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 3715.26 1705.838 0.030 

 Group 3 4646.27 1036.599 0.000 

VALUE     

 Group 2 1186.91 1711.065 0.488 

 Group 3 2464.14 1118.071 0.028 

 

Long-finned squid; NEFS XI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 8749.61 1875.319 0.000 

 Group 3 3659.3 1285.77 0.005 

VALUE     

 Group 2 7452.18 2444.827 0.002 

 Group 3 1642.77 1857.756 0.377 

 

Long-finned squid; NEFS XII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 omitted   

 Group 3 omitted   

VALUE     

 Group 2 omitted   

 Group 3 omitted   

 

  



 
 

Long-finned squid; NEFS XIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -34203.7 8720.322 0.000 

 Group 3 -54257.2 15161.45 0.000 

VALUE     

 Group 2 -20949.1 8600.567 0.015 

 Group 3 -59439.6 22917.84 0.010 

 

Long-finned squid; Sustainable Harvest Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -2650.6 4692.979 0.572 

 Group 3 -6577.19 8237.488 0.425 

VALUE     

 Group 2 -4366.14 5962.17 0.464 

 Group 3 -8977.32 11470.69 0.434 

 

Long-finned squid; Georges Bank Fixed Gear Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 4894.01 934.7537 0.000 

 Group 3 5207.55 907.2723 0.000 

VALUE     

 Group 2 1886.99 905.6671 0.038 

 Group 3 2633.26 725.3947 0.000 

 

Long-finned squid; Northeast Coastal Communities Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -2788.25 2551.129 0.275 

 Group 3 omitted   

VALUE     

 Group 2 -952.65 828.0348 0.250 

 Group 3 omitted   

 

  



 
 

Long-finned squid; Tri-State Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 9293.25 3327.304 0.005 

 Group 3 7268.22 2229.565 0.001 

VALUE     

 Group 2 6960.96 3770.296 0.065 

 Group 3 4323.16 2073.212 0.037 

 

Long-finned squid; Port Clyde Community Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 5248.13 838.2004 0.000 

 Group 3 omitted   

VALUE     

 Group 2 2270.99 775.7279 0.004 

 Group 3 omitted   

 

Atlantic mackerel; NEFS II 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35805.63 9058.204 0.000 

 Group 3 30455.7 8641.389 0.000 

VALUE     

 Group 2 4701.88 1132.005 0.000 

 Group 3 4058.99 1202.684 0.001 

 

Atlantic mackerel; NEFS III 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 38146.31 9582.622 0.000 

 Group 3 28132.44 7747.608 0.000 

VALUE     

 Group 2 5049.14 1198.399 0.000 

 Group 3 3699.46 1026.399 0.000 

 

  



 
 

Atlantic mackerel; NEFS IV 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35083.06 8880.584 0.000 

 Group 3 35511.85 8732.401 0.000 

VALUE     

 Group 2 4625.05 1109.759 0.000 

 Group 3 4957.9 1260.037 0.000 

 

Atlantic mackerel; NEFS V 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 34165.99 9508.077 0.000 

 Group 3 33050.21 9192.304 0.000 

VALUE     

 Group 2 4165.89 1255.788 0.001 

 Group 3 4770.83 1502.668 0.002 

 

Atlantic mackerel; NEFS VI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35158.78 8946.396 0.000 

 Group 3 35564.73 8747.959 0.000 

VALUE     

 Group 2 4629.35 1119.757 0.000 

 Group 3 4961.45 1262.292 0.000 

 

Atlantic mackerel; NEFS VII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35266.68 8944.322 0.000 

 Group 3 35284.66 8812.282 0.000 

VALUE     

 Group 2 4636.33 1117.795 0.000 

 Group 3 4765.17 1162.13 0.000 

 

  



 
 

Atlantic mackerel; NEFS VIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 37750.04 8968.714 0.000 

 Group 3 35731.38 8732.398 0.000 

VALUE     

 Group 2 6204.86 1278.713 0.000 

 Group 3 5033.7 1260.036 0.000 

 

Atlantic mackerel; NEFS IX 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 34597.6 9011.97 0.000 

 Group 3 34558.53 8905.007 0.000 

VALUE     

 Group 2 4313.35 1162.482 0.000 

 Group 3 4600.81 1139.664 0.000 

 

Atlantic mackerel; NEFS X 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 36055.48 9124.313 0.000 

 Group 3 20626.19 5707.84 0.000 

VALUE     

 Group 2 4776.52 1140.87 0.000 

 Group 3 2445.05 661.813 0.000 

 

Atlantic mackerel; NEFS XI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 36244.76 9174.478 0.000 

 Group 3 31227.41 8702.595 0.000 

VALUE     

 Group 2 4784.15 1146.422 0.000 

 Group 3 4115.26 1141.068 0.000 

 

  



 
 

Atlantic mackerel; NEFS XII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35220.56 8912.303 0.000 

 Group 3 omitted   

VALUE     

 Group 2 4649.48 1113.716 0.000 

 Group 3 omitted   

 

Atlantic mackerel; NEFS XIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35398.65 9366.261 0.000 

 Group 3 31900.59 9371.119 0.001 

VALUE     

 Group 2 4944.18 1196.275 0.000 

 Group 3 3651.63 1763.195 0.039 

 

Atlantic mackerel; Sustainable Harvest Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 25812.58 10212.7 0.012 

 Group 3 25787.85 8669.559 0.003 

VALUE     

 Group 2 3467.11 1228.153 0.005 

 Group 3 3173.35 1138.611 0.006 

 

Atlantic mackerel; Georges Bank Fixed Gear Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 36522.61 9242.431 0.000 

 Group 3 32175.94 8607.91 0.000 

VALUE     

 Group 2 4812.44 1154.907 0.000 

 Group 3 4295.64 1146.758 0.000 

 

  



 
 

Atlantic mackerel; Northeast Coastal Communities Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35087.82 8880.584 0.000 

 Group 3 omitted   

VALUE     

 Group 2 4629.22 1109.759 0.000 

 Group 3 omitted   

 

Atlantic mackerel; Tri-State Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35522.29 9010.648 0.000 

 Group 3 32772.53 8548.79 0.000 

VALUE     

 Group 2 4704.33 1126.123 0.000 

 Group 3 4298.35 1068.647 0.000 

 

Atlantic mackerel; Port Clyde Community Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 35423.11 8960.31 0.000 

 Group 3 35519.53 8732.4 0.000 

VALUE     

 Group 2 4686.1 1119.712 0.000 

 Group 3 4963.31 1260.037 0.000 

 

Butterfish; NEFS II 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 105.67 137.8592 0.444 

 Group 3 -461.57 184.4171 0.013 

VALUE     

 Group 2 38.79 69.20677 0.575 

 Group 3 -402.73 140.6862 0.004 

 

  



 
 

Butterfish; NEFS III 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -2.3 87.73745 0.979 

 Group 3 omitted   

VALUE     

 Group 2 -2.41 51.76798 0.963 

 Group 3 omitted   

 

Butterfish; NEFS IV 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -50.45 90.68536 0.578 

 Group 3 -61.3 70.45382 0.385 

VALUE     

 Group 2 -61.39 53.32751 0.250 

 Group 3 -48.7 48.89303 0.320 

 

Butterfish; NEFS V 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 832.81 610.9949 0.173 

 Group 3 -1409.81 2136.497 0.510 

VALUE     

 Group 2 620.27 336.9345 0.066 

 Group 3 -266.48 1089.939 0.807 

 

Butterfish; NEFS VI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 188.47 678.0284 0.781 

 Group 3 -1019.11 189.8393 0.000 

VALUE     

 Group 2 -35.25 389.3798 0.928 

 Group 3 -519.03 134.0037 0.000 

 

  



 
 

Butterfish; NEFS VII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -250.78 191.8526 0.192 

 Group 3 -70.82 94.79524 0.455 

VALUE     

 Group 2 -230.39 151.5284 0.129 

 Group 3 -50 57.73134 0.387 

 

Butterfish; NEFS VIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 2574.19 1103.538 0.020 

 Group 3 4632.98 78.61974 0.000 

VALUE     

 Group 2 1109.14 692.5782 0.110 

 Group 3 810.07 55.26188 0.000 

 

Butterfish; NEFS IX 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -81.94 112.9764 0.469 

 Group 3 10.7 149.3368 0.943 

VALUE     

 Group 2 -84.67 57.30186 0.140 

 Group 3 -56.06 55.11826 0.310 

 

Butterfish; NEFS X 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 77.28 112.3883 0.492 

 Group 3 -120.1 92.17782 0.193 

VALUE     

 Group 2 -4.83 64.41588 0.940 

 Group 3 -33.45 52.80168 0.527 

 

  



 
 

Butterfish; NEFS XI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 84.87 117.9909 0.472 

 Group 3 -29.68 94.68359 0.754 

VALUE     

 Group 2 18.62 65.74382 0.777 

 Group 3 -40.42 50.84763 0.427 

 

Butterfish; NEFS XII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 474.45 87.73266 0.000 

 Group 3 omitted   

VALUE     

 Group 2 213.51 51.76634 0.000 

 Group 3 omitted   

 

Butterfish; NEFS XIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 1211.13 445.434 0.007 

 Group 3 679.72 228.8172 0.003 

VALUE     

 Group 2 808.56 280.297 0.004 

 Group 3 313.75 218.81 0.152 

 

Butterfish; Sustainable Harvest Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 277.57 492.1118 0.573 

 Group 3 617.32 862.977 0.475 

VALUE     

 Group 2 166.12 345.7229 0.631 

 Group 3 423.77 633.4192 0.504 

 

  



 
 

Butterfish; Georges Bank Fixed Gear Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -14.27 104.738 0.892 

 Group 3 8.15 98.05362 0.934 

VALUE     

 Group 2 -32.49 56.33314 0.564 

 Group 3 -9.72 48.87953 0.842 

 

Butterfish; Northeast Coastal Communities Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -53.82 87.73739 0.540 

 Group 3 omitted   

VALUE     

 Group 2 -45.83 51.76791 0.376 

 Group 3 omitted   

 

Butterfish; Tri-State Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -367.45 176.0245 0.037 

 Group 3 -304.3 140.1786 0.030 

VALUE     

 Group 2 -250.68 114.8112 0.029 

 Group 3 -192.83 80.56791 0.017 

 

Butterfish; Port Clyde Community Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 omitted   

 Group 3 omitted   

VALUE     

 Group 2 omitted   

 Group 3 omitted   

 

  



 
 

Monkfish; NEFS II 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -251.91 486.1132 0.604 

 Group 3 -2530.75 2869.199 0.378 

VALUE     

 Group 2 -668.19 788.2481 0.397 

 Group 3 -3601.86 3881.895 0.354 

 

Monkfish; NEFS III 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -494.99 585.9677 0.398 

 Group 3 415.36 1432.424 0.772 

VALUE     

 Group 2 -239.09 1116.982 0.831 

 Group 3 3132.17 3480.147 0.368 

 

Monkfish; NEFS IV 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -3186.59 1444.136 0.027 

 Group 3 -2119.53 980.8844 0.031 

VALUE     

 Group 2 -6388.89 2010.224 0.002 

 Group 3 -5566.28 2101.48 0.008 

 

Monkfish; NEFS V 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 769.45 451.3901 0.088 

 Group 3 420.82 241.1887 0.081 

VALUE     

 Group 2 1009.46 1178.662 0.392 

 Group 3 116.81 570.0896 0.838 

 

  



 
 

Monkfish; NEFS VI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -6753.53 3520.33 0.055 

 Group 3 -8957.25 6795.455 0.188 

VALUE     

 Group 2 -8741.37 6571.86 0.184 

 Group 3 -14939.1 13566.75 0.271 

 

Monkfish; NEFS VII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 1129.76 1076.872 0.294 

 Group 3 1215.26 1190.672 0.308 

VALUE     

 Group 2 2132.56 2111.071 0.313 

 Group 3 2178.08 2770.87 0.432 

 

Monkfish; NEFS VIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -1153.86 490.0755 0.019 

 Group 3 -471.78 468.1457 0.314 

VALUE     

 Group 2 -3828.05 1443.012 0.008 

 Group 3 -2030.27 1383.945 0.143 

 

Monkfish; NEFS IX 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 152.77 514.3343 0.766 

 Group 3 116.51 408.5639 0.776 

VALUE     

 Group 2 424.78 1580.862 0.788 

 Group 3 -446.68 1242.83 0.719 

 

  



 
 

Monkfish; NEFS X 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -294.82 560.644 0.599 

 Group 3 671.55 115.1522 0.000 

VALUE     

 Group 2 -367.44 655.0979 0.575 

 Group 3 787.59 264.9406 0.003 

 

Monkfish; NEFS XI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -983.45 740.7947 0.185 

 Group 3 894.6 363.4986 0.014 

VALUE     

 Group 2 -1687.17 1266.306 0.183 

 Group 3 1738.62 705.9733 0.014 

 

Monkfish; NEFS XII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 912.32 251.4876 0.000 

 Group 3 543.07 196.9954 0.006 

VALUE     

 Group 2 1366.16 547.3196 0.013 

 Group 3 529.61 340.2111 0.120 

 

Monkfish; NEFS XIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -548.95 478.1121 0.251 

 Group 3 -461.17 740.6932 0.534 

VALUE     

 Group 2 -2326.89 1465.289 0.112 

 Group 3 -2360.77 2052.759 0.250 

 

  



 
 

Monkfish; Sustainable Harvest Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -2553.9 599.2355 0.000 

 Group 3 -2455.53 1007.089 0.015 

VALUE     

 Group 2 -3839.48 1312.117 0.003 

 Group 3 -4757.67 1983.655 0.017 

 

Monkfish; Georges Bank Fixed Gear Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -586.05 583.0276 0.315 

 Group 3 1182.66 723.621 0.102 

VALUE     

 Group 2 -98.46 943.8076 0.917 

 Group 3 2017.87 1352.216 0.136 

 

Monkfish; Northeast Coastal Communities Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 850.11 119.8332 0.000 

 Group 3 omitted   

VALUE     

 Group 2 1034.71 276.3829 0.000 

 Group 3 omitted   

 

Monkfish; Tri-State Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 581.92 159.9686 0.000 

 Group 3 667.91 136.7633 0.000 

VALUE     

 Group 2 405.09 370.9191 0.275 

 Group 3 686.89 299.7524 0.022 

 

  



 
 

Monkfish; Port Clyde Community Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 438.97 228.9436 0.055 

 Group 3 1.62 443.3001 0.997 

VALUE     

 Group 2 -490.64 804.2303 0.542 

 Group 3 -1120.9 1211.043 0.355 

 

Scup; NEFS II 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 1547.57 2535.007 0.542 

 Group 3 6802.72 9070.84 0.453 

VALUE     

 Group 2 1061.79 1120.499 0.344 

 Group 3 2342.66 4074.861 0.565 

 

Scup; NEFS III 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 omitted   

 Group 3 omitted   

VALUE     

 Group 2 omitted   

 Group 3 omitted   

 

Scup; NEFS IV 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -1228.06 230.8146 0.000 

 Group 3 -1348.44 276.1477 0.000 

VALUE     

 Group 2 -144.95 132.4221 0.386 

 Group 3 -27.35 139.385 0.844 

 

  



 
 

Scup; NEFS V 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 12448.26 2900.179 0.000 

 Group 3 18219.05 6840.325 0.008 

VALUE     

 Group 2 5080.06 1819.884 0.005 

 Group 3 6015.42 3706.025 0.105 

 

Scup; NEFS VI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -4014.72 2814.212 0.154 

 Group 3 -1534.27 413.2313 0.000 

VALUE     

 Group 2 -1957.08 1808.174 0.279 

 Group 3 -302.68 204.9183 0.140 

 

Scup; NEFS VII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -477.48 703.8778 0.498 

 Group 3 -1292.93 680.1383 0.058 

VALUE     

 Group 2 -452.65 750.0888 0.546 

 Group 3 -462.14 364.9007 0.206 

 

Scup; NEFS VIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -1944.73 831.3961 0.020 

 Group 3 -2609.34 1076.926 0.016 

VALUE     

 Group 2 -465.7 412.4744 0.259 

 Group 3 -655.18 538.1016 0.224 

 

  



 
 

Scup; NEFS IX 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -1217.58 837.1397 0.146 

 Group 3 -1366.64 1378.622 0.322 

VALUE     

 Group 2 -220.61 423.1894 0.602 

 Group 3 -268.65 691.805 0.698 

 

Scup; NEFS X 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -2172.66 1658.336 0.190 

 Group 3 -262.55 193.2532 0.175 

VALUE     

 Group 2 -1097.91 1334.311 0.411 

 Group 3 290.97 109.1203 0.008 

 

Scup; NEFS XI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -702.27 340.7047 0.040 

 Group 3 -1301.82 288.0048 0.000 

VALUE     

 Group 2 140.58 169.2675 0.406 

 Group 3 -46.79 142.606 0.743 

 

Scup; NEFS XII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 omitted   

 Group 3 omitted   

VALUE     

 Group 2 omitted   

 Group 3 omitted   

 

  



 
 

Scup; NEFS XIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -8884.19 2707.049 0.001 

 Group 3 -4022.75 1770.305 0.023 

VALUE     

 Group 2 4317.42 1759.054 0.014 

 Group 3 -1920.44 1026.196 0.062 

 

Scup; Sustainable Harvest Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 6593.54 5171.364 0.203 

 Group 3 10766.16 8038.257 0.181 

VALUE     

 Group 2 2844.1 2403.468 0.237 

 Group 3 4762.83 3881.614 0.220 

 

Scup; Georges Bank Fixed Gear Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -729.95 1273.7 0.567 

 Group 3 1633.4 3424.659 0.634 

VALUE     

 Group 2 -363.8 557.3198 0.514 

 Group 3 -3.91 1214.787 0.997 

 

Scup; Northeast Coastal Communities Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -1600.12 466.9817 0.001 

 Group 3 omitted   

VALUE     

 Group 2 -486.98 409.7494 0.235 

 Group 3 omitted   

 

  



 
 

Scup; Tri-State Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 3437.97 1930.537 0.075 

 Group 3 569.6 485.9171 0.241 

VALUE     

 Group 2 1349.41 714.1272 0.059 

 Group 3 588.93 243.1101 0.016 

 

Scup; Port Clyde Community Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -1228.31 230.8146 0.000 

 Group 3 omitted   

VALUE     

 Group 2 -115.04 132.4221 0.385 

 Group 3 omitted   

 

Summer flounder; NEFS II 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 47.79 555.012 0.931 

 Group 3 -667.73 1845.587 0.718 

VALUE     

 Group 2 713.9 1256.088 0.570 

 Group 3 -2957.98 4032.868 0.463 

 

Summer flounder; NEFS III 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -774.34 125.5694 0.000 

 Group 3 -612.21 118.8317 0.000 

VALUE     

 Group 2 -993.85 221.3759 0.000 

 Group 3 -760.77 298.1131 0.011 

 

  



 
 

Summer flounder; NEFS IV 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -754.92 125.931 0.000 

 Group 3 -577.63 103.7682 0.000 

VALUE     

 Group 2 -959.29 225.8192 0.000 

 Group 3 -916.1 244.2683 0.000 

 

Summer flounder; NEFS V 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 3843.54 1115.226 0.001 

 Group 3 1939.38 1455.868 0.183 

VALUE     

 Group 2 6378.38 2472.604 0.010 

 Group 3 720.9 3194.503 0.821 

 

Summer flounder; NEFS VI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -992.71 487.2436 0.042 

 Group 3 -881.001 167.0244 0.000 

VALUE     

 Group 2 -1725.87 1188.559 0.147 

 Group 3 -1206.22 263.6401 0.000 

 

Summer flounder; NEFS VII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 1158.96 767.803 0.131 

 Group 3 725.16 1093.996 0.508 

VALUE     

 Group 2 2216.57 1319.423 0.093 

 Group 3 2998.97 2408.152 0.213 

 

  



 
 

Summer flounder; NEFS VIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 972.27 1050.247 0.355 

 Group 3 5094.79 3070.997 0.097 

VALUE     

 Group 2 1026.17 1280.662 0.423 

 Group 3 5774.34 3315.812 0.082 

 

Summer flounder; NEFS IX 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 212.06 1326.701 0.873 

 Group 3 2525.7 3286.97 0.442 

VALUE     

 Group 2 271.84 1966.378 0.890 

 Group 3 3431.79 4834.014 0.478 

 

Summer flounder; NEFS X 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -288.82 727.5057 0.691 

 Group 3 469.1 771.81 0.543 

VALUE     

 Group 2 212.94 1769.001 0.904 

 Group 3 1462.81 1918.751 0.446 

 

Summer flounder; NEFS XI 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -432.46 221.8091 0.051 

 Group 3 -650.01 139.0548 0.000 

VALUE     

 Group 2 -108.99 551.5622 0.843 

 Group 3 -191.23 255.2901 0.454 

 

  



 
 

Summer flounder; NEFS XII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 omitted   

 Group 3 omitted   

VALUE     

 Group 2 omitted   

 Group 3 omitted   

 

Summer flounder; NEFS XIII 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 2599.57 691.9728 0.000 

 Group 3 347.12 1252.176 0.782 

VALUE     

 Group 2 3360.56 1267.773 0.008 

 Group 3 -212.64 1475.04 0.885 

 

Summer flounder; Sustainable Harvest Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 1132.6 764.2351 0.139 

 Group 3 1653.98 1742.406 0.343 

VALUE     

 Group 2 1919.83 1296.787 0.139 

 Group 3 3025.93 3013.58 0.316 

 

Summer flounder; Georges Bank Fixed Gear Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -738.74 124.9217 0.000 

 Group 3 omitted   

VALUE     

 Group 2 -900.22 218.8693 0.000 

 Group 3 omitted   

 

  



 
 

Summer flounder; Northeast Coastal Communities Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 558.37 794.3116 0.481 

 Group 3 omitted   

VALUE     

 Group 2 2933.89 2038.168 0.150 

 Group 3 omitted   

 

Summer flounder; Tri-State Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 3551.14 2371.404 0.135 

 Group 3 5558.1 2643.069 0.036 

VALUE     

 Group 2 1513.34 4108.743 0.713 

 Group 3 6744.74 4151.965 0.105 

 

Summer flounder; Port Clyde Community Sector 

POUNDS  Coefficient Standard 
Error 

p-value 

 Group 2 -735.18 124.5413 0.000 

 Group 3 omitted   

VALUE     

 Group 2 -894.3 218.1373 0.000 

 Group 3 omitted   

 

 


