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Abstract :
Cooperative‐based catch share systems can be implemented such that the members of the same fishery
cooperative are jointly and severally liable for not exceeding collectively assigned fishing rights. In
practice, this means that a regulator can take away catch privileges from an entire cooperative that
overruns its collective quota, effectively creating a penalty much larger than what could be recovered with
an individual fine. Fishery cooperatives then typically implement their own internal compliance regime that
includes monitoring and penalties. This article first reviews compliance practice in cooperative‐based
catch share systems by examining the commonalities and differences in the way compliance regimes are
structured (observation and reporting requirements, penalty scheme, internal enforcement authority and
indemnification mechanisms) in a number of internal agreements from fishery cooperatives in North
America and in Europe. Based on our review of cooperatives and the literature on compliance, we discuss
how incentives to comply may be different for an individual fisherman operating in a fishery cooperative
where joint and several liability applies as compared to an individual fishing quota baseline situation
without fishery cooperative. Our review suggests that, from the regulators’ point of view, joint and several
liability can increase the level of compliance for a given enforcement expenditure. However, the regulator
cannot rely solely on cooperatives to carry out controls and must ensure that the cooperatives themselves
have an interest in setting up an effective monitoring system and will enforce sanctions within the
cooperative.
Keywords : co‐management, compliance regime, enforcement, harvester cooperatives, monitoring,
nested institutions
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Introduction
Problems of non-compliance may undermine the sustainable management of fish stocks (Beddington,
Agnew, & Clark, 2007; Borg, 2008; Bray, 2001; Corveler, 2002; Pauly et al., 2002; Pitcher, Watson,
Forrest, Valtýsson, & Guénette, 2002). A number of studies have empirically demonstrated that
‘conventional’ economic incentives predominate in fisheries regulatory compliance decisions (Becker,
1968; Furlong, 1991; Hatcher & Gordon, 2005; Kuperan & Sutinen, 1998; Nielsen & Mathiesen, 2003;
Sutinen, Gauvin, & Gordon, 1989; Sutinen, Rieser, & Gauvin, 1990; Van Hoof, 2010) and deterrence
models applied to fisheries have been developed (Anderson, 1989; Anderson & Lee, 1986; Charles,
Mazany, & Cross, 1999; Hatcher, 2014; Kronbak & Lindroos, 2006). The key conclusions to be drawn
from these concern the probability of detection and sanction, and one of the main policy prescriptions
is that the size of the penalty level should be set as high as possible to increase deterrence (Polinsky &
Shavell, 1979, 1992; Shavell, 1993). However, there are a number of factors that can limit the penalty.
The penalty imposed on an individual fishing firm cannot exceed the firm’s net worth and, in practice,
levels of penalties are often much lower because courts are reluctant to execute sanctions perceived
as excessive (Kuperan & Sutinen, 1998). Consequently, it appears that in most fisheries the frequency
of inspections (and more generally the level of monitoring) and the level of penalties imposed by the
regulator are insufficient to ensure adequate deterrence in comparison to the potential economic
payoff from non-compliance with fishing regulations and quotas (Hatcher & Gordon, 2005; King &
Sutinen, 2010; NAO, 2003; Sumaila, Alder, & Keith, 2006).
Many authors have supported the idea that ‘co-management’ systems are a means of improving
compliance in fisheries (Gutiérrez, Hilborn, & Defeo, 2011; Hanna, 1999; Jentoft, 1989; Jentoft &
McCay, 1995; Nielsen, 1994; Nielsen & Mathiesen, 2003; Nielsen & Vedsmand, 1997; Ostrom, 1995;
Pinkerton, 2011; Van Hoof, 2010). Co-management classically refers to a collaborative process of
decision-making combining the capacities and interests of industry organizations such as fishery
cooperatives (often referred to as producer organizations in many European countries or as sectors in
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the US Northeast) with the ability of a government agency to implement regulations and provide
coordination. Such systems have actually been implemented in many fisheries around the world.
Previous studies have often focused on how co-management brings legitimacy to the system, helping
to create positive behavioral norms and voluntary compliance (Berkes, 1994; Jentoft, 1989; Kraak,
2011; Nielsen & Mathiesen, 2003; Ostrom, 1990; Pinkerton, Allain, Decker, & Carew, 2018; Van Hoof,
2010).
Although fishery cooperatives programs are structured in a variety of ways, many share the
characteristic that the members of the same cooperative are jointly and severally liable for not
exceeding collectively assigned fishing rights (and sometimes they are jointly and severally liable for
other types of violation as well). Joint and several liability is a designation of liability by which members
of a group are mutually responsible for the damages caused by one or more members. The potential
reasons for the imposition of joint and several liability include that jointly liable parties may serve as
insurers for each other, and dealing with situations where the plaintiff cannot determine which of the
defendants caused the harm and the defendants are best-positioned to apportion damages amongst
themselves (Kornhauser, 2013). Literature on the incentive effects of joint and several liability has
mostly focused on recovering damages (Segerson & Tietenberg, 1992) and how it influences parties to
reduce the likelihood of damages (Carvell, Currie, & Macleod, 2012; Tietenberg, 1989), for example in
environmental pollution cases such as those involving Superfund sites in the USA (Klee & Kornhauser,
2007; Kornhauser & Revesz, 1994). In general, joint and several liability modifies the risk of insolvency
and increases the value of a claim, thereby providing greater incentives for regulatory compliance
(Kornhauser, 2013). In the context of fishery cooperatives, joint and several liability usually means that
the regulator can hold the members of a cooperative jointly responsible for non-compliance with
quota regulations.
This article contributes to the literature on compliance in fisheries by critically evaluating the incentive
effect of joint and several liability in a fisheries context and reviewing the response of fisheries

2

cooperatives to this additional responsibility and liability. Cooperative-based systems make up about
10% of rights-based fishery management programs globally and are very common in Europe and the
USA (Bonzon, Mcilwain, Strauss, & Leuvan, 2010). Because joint and several liability for quota overage
and for misreporting is a frequent characteristic of catch share systems based on fishery cooperatives,
the question of whether and how it may be a means of improving compliance is critical to inform the
design of institutions, which has been identified as one of the key challenges of successful fisheries
management (Burgess, Clemence, McDermott, Costello, & Gaines, 2018). The article first presents
institutional details on the way compliance regimes are structured in 13 internal agreements from
fishery cooperatives in North America and in Europe. Based on this review of compliance practice for
fishery cooperatives in catch share systems and a review of relevant literature, we then evaluate and
discuss the incentive effect of joint and several liability.
We find that fishery cooperatives typically implement their own internal compliance regime including
monitoring and penalties, thus modifying the deterrence scheme from a ‘classical’ principal-agent
problem (regulator watching fishermen; see Vestergaard (2010) for a review of applications of the
principal-agent approach in fisheries) into a nested problem (regulator watching cooperatives and
cooperatives watching fishermen). Joint and several liability allows for higher penalty levels and may
reduce enforcement costs for the regulator, but this may depend on internal arrangements and
behavior inside the cooperative. Fishery cooperative members often have a long history of working
together and social relationships — strong ties that are commonly referred to as social capital (Pretty,
2003; Putnam, 2000). Social capital can improve behavioral norms and is therefore an important factor
in the analysis of the role played by the joint and several liability mechanism in enhancing (or
potentially undermining) regulatory compliance. The regulator must also consider the possibility of
collusion between the cooperative and its members, i.e. strategic behavior to evade regulations
(Frascatore, 1998). To address this issue, the regulator has the option to impose monitoring and
enforcement duties on the cooperatives to deter collusion and consolidate the overall compliance
regime (Arlen, 2012).
3

A review of internal compliance systems used by fishery cooperatives in
North America and in Europe
This section describes the way compliance systems are structured in internal agreements or contracts
from 13 fishery cooperatives that are responsible for managing collective catch shares. Some of these
internal agreements have been provided by cooperative managers while others are available online or
have been partially reproduced in the grey literature (e.g. Marine Stewardship Council public
certification reports). The main characteristics of the internal compliance systems established in
cooperative agreements from six different countries (USA, Canada, France, Netherlands, Denmark, and
UK) are presented in Table 1. Although fishery cooperatives are broadly involved in the management
of many fisheries worldwide (Ovando et al., 2013), the focus here is on cooperative-based catch share
systems where joint and several liability applies, which are mostly found in North America and in
Europe. For instance, the scope of this review excludes TURF-based cooperatives that determine their
own collective catch limits (Orensanz et al., 2005) as well as private risk pool arrangements formed
within individual transferable quota (ITQ) systems and where pool members may be denied quota
coverage when they violate the pool internal agreement (Kauer et al., 2018). While this review may
not be comprehensive, we were unable to find cases of fishery cooperatives operating under catch
shares with joint and several liability outside North America and Europe.
Institutional context
Fishery cooperative programs in the USA are managed under the National Marine Fisheries Service
(NMFS) regulations. Legal actions brought by NMFS against a cooperative are taken to federal district
courts that are deemed to have jurisdiction to enforce NMFS regulations. In Canada, the Department
of Fisheries and Oceans (DFO) supervises a fishery cooperative program in Nova Scotia frequently
referred to as a community management system and has jurisdiction to enforce fisheries-related
regulations and legislation. In the European Union (EU), cooperative programs are managed under
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Common Fisheries Policy (CFP) regulations and are implemented at the Member State level. Each
Member State has jurisdiction and responsibility to enforce the CFP regulations.
One interesting aspect of cooperative programs is that the regulator can design the rules such that
members of the same cooperative are jointly and severally liable for certain types of offenses. All the
cooperative agreements listed in the Table 1 contain joint and several liability for quota overages. In
practice, if a cooperative exceeds one of its quotas, the regulator may impose a permanent or
temporary reduction of fishing opportunities for the whole cooperative including stop fishing orders,
loss of quota units, and termination of the cooperative authorization. In the USA, the members of the
North East fishery sectors are also jointly and severally liable for fines, penalties and forfeitures related
to discarding of legal-sized fish and misreporting of catch landings and discards. On the West coast,
Whiting Mothership Cooperative (WMC) members may be held jointly and severally liable for noncompliance with the fishery observer requirements and for violations of the cooperative’s non-whiting
species management rules.
Observation
The contracts of the WMC, Alaska Catcher-Processor cooperatives Incentive Plan Agreement (CPIPA),
Mothership cooperatives Incentive Plan Agreement (MSIPA), and Shoreside cooperatives Incentive
Plan Agreement (SIPA) require Federal observers to be placed on all vessels in the cooperative at all
times. Each cooperative is responsible for the cost of these observers. Having 100% observer coverage
has enabled cooperatives in US Pacific Coast and Alaskan fisheries to develop bycatch reduction
programs requiring vessels to meet standards, follow specified bycatch avoidance practices, and share
information (Holland, 2018; Kauer et al., 2018; Little, Needle, Hilborn, Holland, & Marshall, 2015).
Some cooperatives have partial observer coverage and an additional system to monitor landings. For
instance, the Fundy fixed gear Community Harvest Plan (FCHP) requires to have at least 10% industryfunded observer coverage and a ‘hail-out hail-in’ monitoring program operated by an independent
private company covering 100% of landings to verify unloading amounts at the dockside. In
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cooperatives that do not contractually require members to carry observers, members are typically
required to have their fishing activity monitored at-sea with some electronic equipment that can
include GPS and remote cameras. The Northeast Fishery Sector II (NEFS II), Georges Bank Cod Hook
Sector (GBCHS), and Brown Shrimp producer organization Management Plan (BSMP) also have
dockside observers that monitor landings at pre-approved landings stations and pre-approved times.
Reporting
All the cooperative agreements reviewed require some form of accurate reporting. Besides
observation, an accountable system of reporting seems to provide a critical means to ensure
compliance with the cooperative’s rules. Most cooperatives require two complementary reporting
elements on a timely basis: catch logs and dealers reports. Besides, cooperative typically have a
monitoring agent whose job is to track the cooperative quota consumption but also to notify apparent
violations that could be detected out of the catch logs and dealers reports. Regulations may require
that the monitoring agent is a third-party to ensure neutrality (as in WMC, CPIPA, and FCHP).
Penalty structures
A critical element of the cooperative agreements is the penalty structure. In the USA, courts generally
will not enforce punitive penalties in contracts that are meant to be like fines, however if penalties are
related to damages they may be upheld. Penalties for non-compliance with cooperative rules are in
fact included in almost all of the cooperative contracts in North America and in Europe. The complexity
of this structure varies by cooperative, ranging from stipulated penalties to graduated sanctions.
Overharvest penalties can be proportional to the ex-vessel value of landings (e.g. 300% in WMC, 100%
in Pêcheurs de Bretagne Producer Organization (PDBPO) and in From Nord Producer Organization
(FNPO)) or equal to a forfeiture amount defined per species multiplied by the number of metric tons
harvested in excess of quota. Penalties in quota tons for the next year or permanent loss of quota units
are also frequently used by cooperatives. Most cooperatives are also allowed to impose stop fishing
orders. The Cobrenord Producer Organization (CNPO) cannot impose monetary penalties on its
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members and uses seizure of catches that are in contravention with its agreements to sanction
offending members. This seems less dissuasive than monetary penalties as it is only applicable when
violators are caught in the act.
A refundable security deposit to cover potential damages may be requested by the fishery cooperative
upon joining the cooperative (as in the Thorupstrand Coastal Fishermen’s Guild (TCFG)) or during the
course of the fishing season if the likelihood of quota overrun is serious (as in FNPO). While the amount
of the deposit is usually less than the penalty a vessel may actually incur, deposits can contribute to
making threats of penalties more meaningful.
Generally, penalty structures also include graduated sanctions to deal with infractions such as
misreporting landings, illegally discarding, non-compliance with gear, time and area restrictions. The
degree of sanction imposed increases with the frequency of infractions and the severity of an
infraction, and most cooperative agreements establish the expulsion of the offending member as one
of the ultimate sanctions.
Internal enforcement authority
The internal enforcement authority is usually a disciplinary committee appointed by the cooperative
management board or the board itself. In determining sanctions, the enforcement authority evaluates
the infraction history of the offending member and the severity of a given infraction. Infractions may
be dealt with anonymously to ensure objectivity in the sanctions process. In FCHP, violations used to
be reviewed anonymously by an infraction committee consisting of different cooperative members
every time the committee met. However, in some cases, sanctioned fishermen were able to ask for an
appeal of the sanction and be heard by the committee. This system was changed to automatic
sanctions in 2006 because committee members were uncomfortable with making appeal judgements
when anonymity was lost.

7

Indemnification
One of the aspects where cooperative agreements may greatly differ is whether members who
suffered losses due to the actions of an offending member are indemnified. In NEFS II, GBCHS, WMC,
and FNPO, damages that are awarded to the cooperative are to be disbursed on a pro-rata basis to
those members who have harvested less than their allocations. This means that indemnification
against quota overage by other members can be found in some cooperatives on both coasts of the
USA and in some EU producer organizations as well. To the contrary, CPIPA and SIPA explicitly specify
that there can be no damages associated with someone shutting down the fishery early. They however
include indemnification against legal fees and governmental penalties. The other cooperative
agreements do not mention indemnification, which suggests that members cannot sue each other for
damages. WMC specifies that members cannot sue the cooperative, the manager, and the monitoring
agent in order to let them exercise their independent responsibility and judgment in fulfilling the terms
of the agreement.
Available compliance data and information
WMC, CPIPA, MSIPA and SIPA have publicly available annual reports intended to disclose all
information required in US Federal Regulations, including a description of any actions taken by the
cooperative in response to any vessels that exceeded their allowed catch and bycatch. Between 2012
and 2017, CPIPA, MSIPA and SIPA cooperatives consistently reported that none of their vessels were
found in violation of their internal agreement and that no enforcement actions were taken against
their members. On the same period, WMC systematically reported having to enforce cease-fishing
orders to vessels that reached their collective share of the bycatch prior to harvesting their whiting
allocation and that no violations of the internal agreement were observed.
The fifteen US Northeast multispecies fishery sectors are also required to submit year-end reports
including any violations of the sector operation plans or regulations. For most sectors and most years
between 2010 and 2017, the sectors reported that they had no violations of federal regulations or
sector rules. The remainder reported a variety of violations of sector rules including refusals to take
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observers on board, excessive discard rates or discarding of legal size fish, not providing required catch
data in a timely manner, and use of a particular gear outside allowed areas. Almost all of these reported
to have been first offenses and the offender received only a warning. Over the years, a total of six
monetary penalties (for violation of discards rules or violation of gear restrictions) have been reported
by sectors, of which five were assessed in the first couple of years following the implementation of the
sector program. In one instance, two vessels were expelled from a sector due to quota overages, risk
of joint and several liability, and continued fishing activity after a stop fishing order was issued. Finally,
one sector’s operational plan was disapproved in 2017 and 2018 after one of its members was arrested
and charged with criminal offenses including false labeling and identification, falsifying federal records,
bulk cash smuggling, and tax evasion (District of Massachusetts, 2017; National Archives and Records
Administration, 2017).
The Northeast multispecies fishery sectors year-end reports also contain anecdotal evidence of the
effect of joint and several liability on monitoring behavior within sectors, such as members contacting
their sector manager regarding their concerns of rumors of potential misreporting of catch by another
member. The sector reports describe investigations of these issues by internal enforcement
committees and, in some instances where the determination of misreporting was not conclusive, how
the sector and the involved member worked out an agreement on additional landing observation
requirements in order to stop the rumors. Multiple sectors also reported issuing stop-fishing orders to
members who had reached or exceeded their individual catch limits in order to avoid quota overages.
According to a Marine Stewardship Council certification report, overall compliance by BSMP members
is considered to be good with no systematic non-compliance issues reported (Addison, Gaudian, &
Knapman, 2017). In particular, gear specifications and area closures are considered to be implemented
successfully. This report also mentions that the cooperative has issued fines against particular vessels
for breaching of the internal agreement, including one instance of a repeat infringement and increased
fine. However, the report acknowledges that, while there is qualitative evidence that sanctions to deal
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with non-compliance exist and are applied, there is no clear demonstration that the monitoring,
control and surveillance mechanisms ensure effective deterrence.
For all the other cooperatives reviewed, there is no publicly available information regarding individual
compliance with internal agreements.

Discussion
Incentive effect of joint and several liability
The typical starting point for understanding how economic incentives to comply may be different for
an individual fisherman operating in a fishery cooperative where joint and several liability applies as
compared to an ITQ baseline situation (where there is no fishery cooperative structure) is to compare
monetary costs and benefits of the compliance/violation decision following a utilitarian model of
fishermen's behavior found in the economics of crime literature (Becker, 1968; Block & Heineke, 1975;
Ehrlich, 1972, 1973). Typically, the regulator has a certain probability of detecting a violation, and
imposes a penalty if a violation is detected. In the ITQ homo economicus baseline case (without
cooperative structure), individual fishermen comply when the additional benefit from non-compliance
is less than the probability of detection by the regulator multiplied by the amount of the fine (Becker,
1968).

In the fishery cooperative case where joint and several liability for quota violations or misreporting
applies, the regulator can impose a penalty on the entire cooperative if it overruns its collective quota.
The cooperative can then implement some internal monitoring mechanism aiming at incentivizing
regulatory compliance. Implementation of such an internal compliance regime is in fact required by
the regulator in most cooperative-based catch share systems. The cooperative has a probability of
detecting a violation that can be greater than the probability of detection by the regulator. For
example, members of the same cooperative typically share the same fishing grounds and landing docks
and thus are well-positioned to detect a violation from one of their peers. Fishermen also often engage
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in social relationships with their peers to share fishing-related knowledge including information to
support collective monitoring and enforcement (Grafton, 2005; Jentoft, McCay, & Wilson, 1998;
Sekhar, 2007). In addition, the cooperative managers may have access to information on the fishing
activities of their members that are not necessarily known to the regulator (Abdullah, Kuperan, &
Pomeroy, 1998). In some cases, the regulator may also be able to help reduce the watching cost for
the cooperative, for example by allowing the cooperative to have access to information collected by
observers or electronic observing equipment. This is in fact done with information from federal
observers in US Pacific Coast and Alaskan fisheries who contract with a third party provider that
collates information from observers in near real time and produces information products to support
bycatch avoidance as well as ensuring cooperative vessels are complying with the cooperatives rules
(e.g. time-area closures) (Little et al., 2015).
When internal quota allocations for cooperative members are heterogeneous, which is the case for all
cooperatives that we reviewed, there is typically an asymmetry among cooperative members in their
expected gains from non-compliance. Under the joint and several liability mechanism, the cooperative
members that have no (or lower) economic incentive to violate will have an interest in supporting an
internal monitoring system within the cooperative to ensure other members that might have greater
incentives for noncompliance are deterred so as to avoid sanctions imposed by the regulator on the
whole cooperative. This would make potential violation less profitable and increase incentives to
comply provided that the level of internal penalty is greater than the expected benefit from noncompliance (Becker, 1968). This economic intuition is supported by the results of a simple gametheoretic model presented in the Supplementary Appendix. In addition, several behavioral economics
studies have identified that asymmetric payoffs in positive-sum games induce a fairness norm leading
to a middle-way solution where aggregate payoffs are not maximized (Ahn, Lee, Ruttan, & Walker,
2007; Budescu, Rapoport, & Suleiman, 1990; Kagel, Kim, & Moser, 1996; Parisi, 2000). Instead,
individuals tend to make strategic decisions leading to outcomes in favor of more even distributions of
income. Including negative payoffs in possible outcomes appears to further strengthens this result
11

(Beckenkamp, Hennig-Schmidt, & Maier-Rigaud, 2007; Kahnemann & Tversky, 1979; Tversky &
Kahnemann, 1981). This is relevant to the case of fishery cooperatives with joint and several liability
where compliant members may have an impetus to support an internal monitoring system to avoid
having to face a penalty because of violations committed by other cooperative members. Thus,
assuming that internal penalties can be imposed independent of detection by the regulator and that
there is sufficient asymmetry among cooperative members in terms of expected benefit from noncompliance, joint and several liability may allow the regulator to induce greater compliance for a given
enforcement expenditure.
The case of the Dutch fisheries, where a co-management regime was laid on top of a pre-existing
individual quota system (Hoefnagel & de Vos, 2017), constitutes perhaps the most convincing empirical
evidence of the incentive effect of joint and several liability on rule compliance. Indeed, self-organized
groups of fishers (with joint and several liability, internal monitoring and penalty systems) were
introduced well after the development of the ITQ system, which makes the before-after comparison
quite meaningful. According to Van Hoof (2010), the introduction of co-management groups enabled
a 45% reduction in monitoring costs for the regulator and concurrently a 90% decrease in the number
of registered infringements in the Dutch fisheries. The co-management arrangements induced a shift
in the economic and social normative rationales from a situation where non-compliance was the rule
to a management system considered as a best-practice model by the EU (Hentrich & Salomon, 2006;
Van Hoof, 2010).
Some of the internal compliance systems that we reviewed included indemnification against regulator
penalties. Indemnification occurs when the regulator detects a violation and imposes a penalty on the
whole cooperative, but ultimately the penalty is entirely supported by the violator who is required to
indemnify (compensate) the other cooperative members. Indemnification could effectively negate the
beneficial effect of joint and several liability to some degree since it insulates cooperative members
from penalties due to actions of other cooperative members. In that case, the incentive effect of joint
and several liability would be largely inconsequential from the regulator’s point of view. However, if
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the penalty exceeds the offending party’s ability to compensate the other members of the cooperative,
they will still have to share at least part of the costs of the penalty, so they may still have incentives to
deter noncompliance by other members.
The institutional details presented in our review of internal compliance regimes showed that most
fishery cooperatives that are jointly and severally liable for quota overages have the ability to impose
penalties or fines on members for breaching quota (as well as other internal cooperative rules). In
some of the internal agreements, fines increase with 2nd or 3rd offences. This could have the effect of
creating or increasing asymmetry in payoffs for different cooperative members even when quota
allocations are similar. As explained earlier, asymmetry is a good property as it strengthens incentives
of internal monitoring. Regulators may want to require and review internal cooperative compliance
programs as a condition of allocating quota to a cooperative in order to complement external
enforcement and strengthen overall compliance regimes.
Data and information regarding compliance in fisheries are generally hard to come by, and quantifying
empirically the effect of joint and several liability on compliance appears extremely challenging. Even
if reliable data on the level compliance in a cooperative-based catch share system was available, such
quantitative analysis would still require constructing a credible counterfactual (i.e., what would be the
level of compliance without cooperatives), which is a particularly difficult task (Helm & Sprinz, 2000).
Thus, current empirical evidence of the incentive effect of joint and several liability in fishery
cooperative is essentially anecdotal. Our review showed that annual reports available for US West
Coast and Alaskan cooperatives consistently indicate that no violations of their internal agreement
were observed. Some of these reports also mention enforcing stop-fishing orders to avoid bycatch
overruns, suggesting that these cooperatives have successfully implemented effective internal
compliance regimes. For the US Northeast multispecies fishery sectors, annual sector reports describe
internal investigations that were undertaken in some cases that reveal errors in reported data (e.g.
discards were overestimated) or difficulties that sector members had with compliance (e.g. discarding
legal size fish they feared might be undersize) or misunderstanding of requirements and procedures
13

(e.g. observer refusals). In one instance, a sector reported to have expelled two of its members for
quota overages and non-compliance with stop fishing orders, invoking the risk of joint and several
liability to motivate this decision. Internal investigations and cooperation with regulators in
undertaking them arguably provided opportunities to improve the overall compliance system. They
also demonstrate that most sectors have active internal monitoring and investigatory systems in place
to support compliance. Likewise, an independent assessment of the North Sea brown shrimp fishery
considered that overall compliance by cooperative members was good with no systematic noncompliance issues (Addison et al., 2017). The case of the Dutch fisheries documented by Van Hoof
(2010) indicates that introduction of a system based on cooperative allowed increasing compliance
while reducing monitoring costs. While limited in scope and not fully conclusive, these pieces of
empirical evidence tend to support the economic argument that joint and several liability is potentially
beneficial to compliance.
Incentive effect of other-regarding preferences
There is an extensive literature supporting the idea that Becker’s framework (Becker, 1968) for
explaining criminal activity (i.e. models relying on costs and revenues associated with illegal behavior)
provides an incomplete model of regulatory compliance in fisheries as it does not account for the social
factors that influence the behavior of agents (Boonstra, Birnbaum, & Björkvik, 2017; Cardenas, 2011;
Eggert & Lokina, 2010; Hatcher, Jaffry, Thébaud, & Bennett, 2000; Jackson et al., 2012; Nielsen, 2003;
Sutinen & Kuperan, 1999). There is also some evidence that self-organization and co-management
systems, which include fishery cooperatives, may be a means of strengthening cooperation and social
capital (Defeo et al., 2016; Hilborn, 2007; Jentoft, 2000; Libecap, 1994; Ostrom, 1990; Soma, van
Tatenhove, & van Leeuwen, 2015). Behavioral economics theories, that typically substitute a social
utility for expected gains to account for other-regarding preferences in social groups (Bolton, 1991;
Camerer, 2003), offer interesting frameworks for including some social capital component on top of
standard economic incentives. For example, it has been shown that members of a social group tend to
care about their own and relative payoffs (Charness & Rabin, 2002; Fehr & Schmidt, 1999). By applying
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this reciprocity mechanism in the context of fishery cooperatives, the utility of a fisherman that violates
the rules for an additional economic benefit is decreased by ‘guilt’ whereas the utility of fishermen
that have no incentive to violate is decreased by ‘envy’ when the former chooses a course of action
that is considered as unfair behavior. The intrinsic motivations of the lower-payoff fishermen to watch
their peers are increased by their aversion to unfair behavior and disadvantageous inequality, which
in turn induces a lower level of violation by the fishermen with higher payoff. Concurrently, intrinsic
motivations to violate are determined by a combination of utilities from one’s own expected gains and
disutilities from choosing a course of action that produces negative effects on others. In general, otherregarding preferences tend to magnify the incentive effect of joint and several liability, which has the
potential to substantially improve compliance as compared to the ITQ baseline situation. This holds
even when the expected additional benefit from violating is large as inequality aversion increases the
level of watching and decreases the utility derived from having higher economic gains (see the
Supplementary Appendix for a more detailed evaluation of the role of other-regarding preferences on
strengthening compliance in a stylized fishery cooperative setting).

Such social motivations are probably more likely when members of a cooperative have social
relationships and histories of working together (i.e. social capital). Notably, most fishery cooperatives
are self-forming and have the ability to exclude unwanted members. They are often formed on the
basis of existing relationships such as common membership in an association. Some level of trust is
probably required for members to agree to join a cooperative with joint and several liability, but this
characteristic also may help strengthen incentives for compliance. While these elements suggest that
regulators may want to allow cooperatives to choose and exclude members, care must also be taken
to ensure that the members’ interests are not so closely aligned that they have the incentive to collude
to evade regulations.
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Aligning the regulator and cooperative incentives
While joint and several liability appears to have the potential to increase regulatory compliance in
catch share systems, the regulator must ensure that the cooperatives have incentives to implement
and enforce an effective internal compliance regime (Frascatore, 1998). In a cooperative where no
member has an interest in having strict internal rules enforced (e.g. if they all expect large benefits
from non-compliance), then the cooperative as an entity has little incentive to implement such
compliance regime. Also, if the cooperative members perceive the regulations as illegitimate, the
cooperative may have mixed incentives. That is, if the incentives of the cooperative and the regulator
are not aligned, its primary concern will be that no member gets caught doing something wrong, which
happens either when all members comply or when the violators do not get caught. The latter implies
the cooperative may develop ‘inside strategies’ where members can share information on how to
avoid getting caught, making the regulator’s job harder. Therefore, if there is no heterogeneity among
cooperative members, it is unclear that the regulator gains something from having cooperatives with
a joint and several liability mechanism. For instance, if one entity owns or controls all the vessels in a
cooperative, the impetus to comply of the joint and several liability mechanism is negated. This
suggests that a reasonable ownership cap should be instituted to prevent complete control or
dominance of one party in a cooperative.
The literature on corporate crime liability (Arlen, 1994; Arlen & Kraakman, 1997; Polinsky & Shavell,
1999) offers interesting insights in terms of institutional designs that are able to induce internal
policing. It was determined that optimal deterrence of crimes by employees committed in the scope
of employment is achieved by combining: a ‘duty-based’ regime under which firms are obligated to
undertake monitoring, self-reporting, and cooperation with the regulator, and are subject to a sanction
for violating any one and each of these duties; sanctions imposed on individual wrongdoers; and a
‘residual’ sanction imposed on firms when members do commit violations to incentivize them to adopt
adequate prevention measures (Arlen, 2012). While this threefold deterrence scheme may not be
directly applicable to joint and several liability in a fisheries context, the principle of a duty-based
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regime can be used to make sure that the benefit for a cooperative to engage in monitoring is greater
than when it does not. Interestingly, US West Coast and Alaskan cooperatives are using similar
principles internally by imposing penalties on hired captains for violating rules such as area closures
while holding vessel owners liable for the consequential damages arising out of hired captains’
negligence or willful misconduct. This serves to dissuade noncompliance by captains, who have
financial incentives to keep catch rates high. It may also help deter collusion between vessel owners
and hired captains.

A recent criminal case involving the largest vessel owner in the New England groundfish industry,
Carlos Rafael (locally known as “The Codfather”), illustrates a number of critical points raised in this
discussion. Rafael had the largest quota share for many groundfish species in New England, and also
leased quota from many smaller quota holders. He essentially controlled one of the Northeast fishery
sectors (“NEFS 9”) and his assets were worth tens of millions of dollars. He was arrested in 2016 for
violations of fishing quota regulations and pleaded guilty in March 2017 to 28 offenses, including
conspiracy, false labeling of fish, bulk cash smuggling, tax evasion and falsifying federal records (see
United States v. Rafael, Criminal Action No. 16-10124-WGY (District of Massachusetts, 2017)). He was
sentenced to 46 months in prison, 3 years supervised release, and a $200,000 fine. During his order,
the judge said that, while the fisherman’s corrupted scheme was designed for his own benefit, it also
impaired the ability of regulators to determine appropriate quota to set (Bonner, 2017). This supports
the argument that if the cooperative’s and regulator’s interests are not aligned, then the cooperative
may develop inside strategies.

In addition to the sentence, the US government requested forfeiture of the vessels owned by Rafael
and their accompanying fishing permits. However, the court was reluctant to issue a judgement
ordering forfeiture of more than 4 vessels (out of the 28 owned by Rafael) because the judge suspected
seizing more vessels would infringe on the excessive fines clause of the US constitution’s Eighth
Amendment (District of Massachusetts, 2017). This shows that, even when an individual is charged
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with significant criminal offenses, the maximum fines invoked by courts may be much lower than his
assets. More recently, the government announced having filed a charging document in order to bring
civil penalties to Rafael to further aid the victims of his crimes. The civil action seeks to revoke all his
fishing permits and impose $983,528 in penalties (Heckwolf, 2018). The notice was concurrently
addressed to 34 entities related to Rafael’s operations and establishes that the civil monetary penalties
were assessed jointly and severally, holding all entities owned or controlled by Rafael liable for the
total amount of the penalty. In this case, the application of joint and several liability may effectively
allow recovering greater damages than what was initially ordered by the court.
While an owner of multiple vessels can operate his vessels under multiple individual companies, the
rules for forming a sector as specified in the Northeast Multispecies Fishery Management Plan require
that there should be at least 3 distinct owners in a sector. This requirement is important to reduce the
likelihood of collusion within a cooperative. However, in the Codfather case, Rafael, who was the
owner of one of the largest commercial fishing businesses on the US East Coast and president of the
NEFS 9 sector at the time, essentially controlled the entire sector. In this case, the potential benefit of
an internal compliance system with monitoring and penalties is negated, but joint and several liability
can still increase the size of the penalty that can be recovered by reducing the risk of insolvency of
individual fishing businesses. However, a rigorous evaluation of the incentive effect of joint and several
liability in the case of single ownership of multiple entities, which could be addressed with a model of
corporate crime liability (Arlen, 2012), is beyond the scope of this article.

Conclusions
Perhaps the most fundamental compliance related benefit of cooperative-based catch share systems
with joint and several liability is that the size of the penalty that can be recovered from a cooperative
is likely to be higher than from an individual in an ITQ system. The latter is limited by the individual’s
net worth and potentially by limits on the size of fines courts will allow. The ability of the regulator to
take away catch privileges for one or more years from the entire cooperative may effectively create a
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penalty much larger than could be recovered with an individual fine. Enabling a higher maximum fine
can increase the level of compliance for a given probability of observing a violation and thereby
increase compliance for a given enforcement expenditure. This result is highly relevant to address the
question of how to ensure better reporting, which is one of the very significant concerns related to the
European fisheries adopting the discard ban of the new EU common fisheries policy and the push to
monitor total catch (Veiga et al., 2016).

Full compliance with fishery regulations cannot generally be expected unless the expected penalty that
may be imposed by the regulator is greater than the expected gains of non-compliance for all
individuals. When the regulator cannot support the costs of monitoring and enforcement that are
necessary to create such conditions or the size of fines is limited, the fishery cooperatives approach,
including joint and several liability mechanisms, is a potential means of improving compliance or
reducing the level and cost of monitoring required to assure compliance. Compliance may be enhanced
if social pressures strengthen incentives for compliance with internally agreed rules and behavioral
norms. Social capital is a critical component of fisheries co-management systems that influences the
formation of fishery cooperatives and the development, effectiveness, and sustainability of internal
compliance regimes which rely on trust and reciprocity. Regulators may be able to increase compliance
rates and reduce their own compliance expenditures by ensuring cooperatives have well designed
internal compliance systems. They may also be able to make these systems more effective and
desirable to cooperatives if they can help reduce the cooperatives costs of observing non-compliance.
This might involve sharing of information from observers or electronic observation equipment, though
this may be problematic if the cooperative was inclined to use this information to reduce detection of
non-compliance by regulators.
Our review of compliance practice for fishery cooperatives and the literature on compliance suggests
that internal monitoring and reporting requirements, as well as the penalty structure, are critical
components of internal agreements and contracts. In many cases, penalties are ramped up for 2nd or
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3rd violations, and fishermen might be more likely to be watched and thus caught. This should help
improve compliance, both for ITQs and cooperatives. It also can create a source of asymmetry in the
net benefit from non-compliance as a fisherman that has been caught violating endure a penalty that
is higher than the fishermen that have not. Asymmetry in payoffs for noncompliance may be important
to ensure cooperative members do not collude and support an effective internal compliance regime.
The scope of our empirical study is limited to 13 fishery cooperatives from 6 countries that are all in
North America and Europe. While we did not find cases of fishery cooperative operating with joint and
several liability outside these regions, we see no reason to expect different results for similar
cooperative-based catch share systems in other regions. In general, as the main compliance-related
benefit of joint and several liability is to increase the expected penalty relative to what can be
recovered with individual fines, we anticipate that joint and several liability can be useful for regulators
in countries where the size of the penalty is limited or where monitoring is difficult; conversely, joint
and several liability is potentially less useful in countries where the penalty is not limited or where the
probability of detecting non-compliance with fishery regulations is high. We might expect joint and
several liability to be particularly useful in developing countries or fisheries with many small vessels or
landing ports where enforcement may be limited and/or expensive.
When cooperatives operate with joint and several liability, the regulator’s problem changes from a
principal-agent problem (regulator-fisher) to a nested problem (regulator-cooperative-fisher). The
regulator must consider the possibility of collusion with the cooperative, but can also strengthen the
overall compliance regime by imposing duties on the cooperative. By complementing the typical
enforcement regime focused on monitoring and penalizing noncompliance of individual fishers with
an internal compliance system at the cooperative level, regulators may be able to significantly improve
fisheries compliance outcomes. In particular, it appears that joint and several liability is a critical
component of fishery cooperative programs that has important policy implications. The evaluation of
its effects and available empirical evidence underscore that joint and several liability is mostly
beneficial to compliance and particularly relevant to situations where the regulator is unable to ensure
20

adequate deterrence by means of traditional individual fines. However, as the case of the Codfather
shows, the regulator cannot rely solely on having the cooperatives ensure that there is compliance.
Beyond joint and several liability, the design of the catch-share system must also ensure that the
cooperatives have incentives to monitor their members’ activities and enforce sanctions within the
cooperative.
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Table 1: Main characteristics of internal compliance systems in various fishery cooperative agreements in North America and in Europe
Cooperative
agreement
designation [number
of members]

Northeast fishery
sector II (NEFS II) [80]

Georges Bank cod
hook sector (GBCHS)
[20]

Whiting Mothership
Cooperative (WMC)
[35]

Alaska CatcherProcessor
cooperatives incentive plan
agreement (CPIPA)
[24]
Alaska Mothership
cooperatives incentive plan
agreement (MSIPA)
[19]
Alaska shoreside
cooperatives incentive plan
agreement (SIPA) [98]

Regulator's
jurisdiction and
governing law

Joint and several liability
offenses

Observation and
electronic
monitoring

US federal,
NMFS
regulations

Quota overages,
Misreporting of catches
landings and discards,
Discarding of legal-sized
fish

At-sea eletronic
monitoring or actual
observer, dockside
observers (preapproved landing
stations)

US federal,
NMFS
regulations

Quota overages,
Misreporting of catches
landings and discards,
Discarding of legal-sized
fish

At-sea eletronic
monitoring or actual
observer, dockside
observers (preapproved landing
stations)

US Pacific
whiting fishery

US federal,
NMFS
regulations

Quota overages,
violations of the
Cooperative's NonWhiting Species
management rules, noncompliance with
observer requirements

Alaska pollock
fishery

US federal,
NMFS
regulations

Alaska pollock
fishery

US federal,
NMFS
regulations

Alaska pollock
fishery

US federal,
NMFS
regulations

Fishery

US North East
multispecies
fishery

US North East
multispecies
fishery

Quota overages

Quota overages

Quota overages

At-sea observers
(100% coverage)

At-sea observers
(100% coverage)

At-sea observers
(100% coverage)

At-sea observers
(100% coverage)

Reporting
requirements

Internal penalties

Internal
enforcement
authority

Indemnification mechanisms

Additional considerations

Catch logs,
dealer reports

Monetary penalties
(ramping up for repeat
offense), stop fishing
order, expulsion

Manager or
committee
appointed by the
Board

Damages awarded to the
cooperative for overharvest is
distributed pro rata among the
members whose harvest was
reduced; violating party must
indemnify other parties against
governmental penalties

Catch logs,
dealer reports

Monetary penalties
(ramping up for repeat
offense), stop fishing
order, expulsion

Manager or
committee
appointed by the
Board

Violating members must indemnify
the other members in respect of
their respective losses;
indemnification shall be several and
not joint and several

Catch logs,
dealer reports

Monetary penalties
(up to 300% of the exvessel value of
landings), stop fishing
order, expulsion

The Board or the
monitoring agent

Damages awarded to the
cooperative for overharvest is
distributed pro rata among the
members whose harvest was
reduced; violating party must
indemnify other parties against
governmental penalties

Members waive any claim
against the Manager and the
monitoring agent; members
are jointly and severally liable
for any third party claims
asserted against the Manager
or the monitoring agent

Catch logs

The technical
Monetary penalties
representative or
(ramping up for repeat
the coop
offense), stop fishing
representatives
order
group

No monetary damages for losses
associated with fishery shutdown;
collected penalties shall be used to
support research; indemnification
for legal fees

spatial access incentives to
keep chinook bycatch low

Catch logs

Monetary penalties,
penalties in quota
tonnes

Unspecified

collective and individual
chinook bycatch allocations

catch logs

The technical
Monetary penalties
representative or
(ramping up for repeat
the coop
offense), stop fishing
representatives
order
group

No monetary damages for losses
associated with forgone pollock
fishing opportunities;
indemnification against
governmental penalties

bycatch risk pools

The technical
representative or
the coop
representatives
group
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Table 1 (continued)
Cooperative
agreement
designation [number
of members]

Fishery

Fundy fixed gear
council - Community
Harvest Plan (FCHP)
[64]

Canada ScotiaFundy inshore
groundfish
fishery

Canada, DFO
regulations

Les Pêcheurs de
Bretagne producer
organization - articles
of association
(PDBPO) [800]

Western Europe
whitefish
species and
nephrops
fisheries

France, CFP
regulations and
national
fisheries law

Quota overages

Cobrenord producer
organization - internal
agreement (CNPO)
[210]

Western Europe
whitefish
species and
scallop fisheries

France, CFP
regulations and
national
fisheries law

Quota overages

FROM nord producer
organization - internal
agreement (FNPO)
[200]

Western Europe
whitefish
species and
scallop fisheries

France, CFP
regulations and
national
fisheries law

Cooperative
association of Brown
shrimp producer
organizations management plan
(BSMP) [225]

North Sea
brown shrimp
fishery

The
Netherlands,
CFP regulations
and national
fisheries law

Thorupstrand Coastal
Fishermen’s Guild articles of association
(TCFG) [11]

North Sea
whitefish
species coastal
fishery

Denmark, CFP
regulation and
national
fisheries law

Aberdeen fish
producer organization
- articles of
association (AFPO)
[19]

Western Europe
whitefish
species and
nephrops
fisheries

United
Kingdom, CFP
regulations and
national
fisheries law

Regulator's
jurisdiction and
governing law

Joint and several liability
offenses

Observation and
electronic
monitoring

Reporting
requirements

Internal penalties

Internal
enforcement
authority

Indemnification mechanisms

Quota overages

Dockside monitoring
‘hail-out hail-in’
program (100%
landings), at-sea
observers (at least
10%)

Electronic
logbooks

Reduction in quota
and/or time at sea,
temporary or
permanent expulsion

Community
Management Board

Unspecified

At-sea eletronic
monitoring

Catch logs,
dealer reports

Monetary penalties
(up to 100% of the exvessel value of noncompliant landings),
stop fishing order,
expulsion

The Board or the
president

Unspecified

At-sea eletronic
monitoring

Catch logs,
dealer reports

Seizure of catch, stop
fishing order,
expulsion

The Board

Unspecified

No monetary penalty

Quota overages

At-sea eletronic
monitoring

Catch logs,
dealer reports

Monetary penalties
(equal to 100% of the
ex-vessel value of
landings), stop fishing
order, expulsion

The Board

Damages awarded to the PO for
overharvest is distributed pro rata
among the members whose harvest
was reduced

Deposit may be required
during the course of the fishing
season if quota utilization rate
is higher than 80%

Quota overages

At-sea eletronic
monitoring,
dockside observers
(pre-approved
landing stations)

Catch logs,
dealer reports

Monetary penalties up
The Board
to €250,000

Unspecified

MSC management plan and
certificate

Quota overages

Inspections at‐sea
and onshore, supply
chain monitoring

Logbook
declarations

Deductions in quota
shares, monetary
penalties, expulsion

The Manager or the
General Meeting

Unspecified

‘Fishpool’ arrangements that
facilitate in-season quota
leasing; deposit required upon
initial membership to cover
potential damages

E-logs and edeclarations

Monetary penalties up
to £250,000, penalties
in quota tonnes,
expulsion, loss of
quota units

Disciplinary
committee
appointed by the
Board

Unspecified

Quota overages

At-sea eletronic
monitoring

Additional considerations
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