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The Upper Gulf of California is a diverse and highly productive ecosystem supporting some of the most important fisheries in Mexico, yet a history of weak fisheries management and illegal fishing threaten the area’s biodiversity and undermine human well-being in the communities along its shores. The vaquita (Phocoena sinus) is endemic to these waters and is on the brink of extinction due to incidental entanglement in gillnets used by small-scale fishers. The resurgence of an illegal gillnet fishery for totoaba (Totoaba macdonaldi), whose swim bladders are highly prized in Hong Kong and continental China, has accelerated the steep decline of the vaquita population. Vaquita is one of a growing number of cases linking illegal wildlife trade, organized crime, and biodiversity decline. This paper provides a summary of key reflections of a panel of fisheries economists gathered at the ninth forum of the North American Association of Fisheries Economists (NAAFE) to evaluate the policies implemented in the Upper Gulf through an economic lens and updated to reflect more recent developments. The panel recognized that poor fisheries management, lack of effective enforcement, distant demand for an illegal product, corruption, and few viable economic alternatives confound efforts to address vaquita bycatch. The complexity of these problems requires a holistic, multidisciplinary approach, combining top-down, direct regulation and bottom-up, participatory and incentive-based instruments. Addressing chronic deficiencies in enforcement, particularly in the very small area where the remaining vaquitas are found, is crucial to prevent imminent extinction. Equally crucial are sustained actions to support legal fishers able to make a good living – with a direct stake in healthy marine ecosystems – as key components of policies to address bycatch and reduce wildlife trafficking. The situation in the Upper Gulf of California is dire, yet similar threats to other marine mammals and wildlife trafficked species may benefit from the experience of the vaquita.
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INTRODUCTION

Mexico’s endemic porpoise, the vaquita (Phocoena sinus), is the world’s most critically endangered marine mammal (International Union for the Conservation of Nature [IUCN], 2020b). It is endemic to the upper Gulf of California (UGC) where unsustainable bycatch in small-scale gillnet fisheries has long been recognized as the only factor driving the species toward extinction (Norris and Prescott, 1961; Brownell, 1988; Rojas-Bracho and Taylor, 1999; D’Agrosa et al., 2000; Rojas-Bracho et al., 2006). Since the early 2010s, the resurgence of illegal fishing for totoaba (Totoaba macdonaldi), driven by the black market for totoaba swim bladders in Hong Kong and continental China, has caused vaquita numbers to plummet at nearly 50% per year (Jaramillo-Legorreta et al., 2019). In summer 2018, the population estimate indicated fewer than 19 individuals remain (Jaramillo-Legorreta et al., 2019). The last best estimate from the area where vaquitas were most recently detected acoustically estimated 10 individuals, including 3 calves, and all appeared in good health (Rojas-Bracho et al., 2020). Ensuring protection of these surviving vaquitas from gillnets could still save the species (Morin et al., 2020; Rojas-Bracho et al., 2020; International Whaling Commission [IWC], 2021).

A number of governmental policies and programs have been enacted in the UGC to protect vaquita from gillnets (see reviews in Rojas-Bracho et al., 2006; Bobadilla et al., 2011; Rojas-Bracho and Reeves, 2013; Cisneros-Montemayor and Vincent, 2016). Despite these efforts, the region continues to experience widespread illegal fishing with gillnets, loss of income and markets for legal fishers, and the continued decline of the vaquita population (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2019; United Nations Educational, Scientific and Cultural Organization [UNESCO], 2019; International Union for the Conservation of Nature [IUCN], 2020b; International Whaling Commission [IWC], 2021). Illegal and unsustainable fishing threatens the region’s rich biodiversity and undermines the economic and human potential of the communities. Formal and informal institutions1 are challenged to protect the region’s natural resources due to the increasing presence of organized crime and a history of tolerated corruption and non-compliance with regulations (C4ADS, 2017; Crosta et al., 2018; Environmental Investigation Agency [EIA], 2019; Aceves-Bueno et al., 2020; Felbab-Brown, 2020).

This article contends that resolving protected species bycatch in small scale fisheries requires addressing underlying issues of fisheries management and governance and, equally crucially, in finding viable alternative methods of fishing and economic activities for local communities. In the case of vaquita, the need for a multifaceted approach has been championed by the international vaquita recovery team since its inception (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 1997, 2014, 2019), recommended by international organizations (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2018; International Whaling Commission [IWC], 2019; International Union for the Conservation of Nature [IUCN], 2020b), scientists (Rojas-Bracho et al., 2006; Bobadilla et al., 2011; Rojas-Bracho and Reeves, 2013; Aburto-Oropeza et al., 2016; Cisneros-Montemayor and Vincent, 2016; Aceves-Bueno et al., 2020), and recognized in the policies of the Government of Mexico. However, enacted policies failed to fully embrace the long-term investment necessary for successful community engagement and economic development that can generate buy-in and improve compliance by providing lasting benefits. These well-intentioned programs also failed to consider the consequences of conservation policy on local communities. The problems in the UGC were exacerbated well beyond the ability of traditional fisheries management to provide solutions due to corruption and the related illegal and lucrative alternative, the black market for totoaba swim bladders.

A panel convened at the ninth forum of the North American Association of Fisheries Economists reviewed conservation actions that had been implemented to protect vaquita and support local communities. This paper provides a brief history of the government policies applied in the region, followed by a review of socio-economic instruments and impacts, both intended and unintended. Key points and recommendations from the panel are summarized and updated to reflect policies enacted through early 2021. The focus is on the interplay between top-down, direct regulation and bottom-up, incentive-based2 approaches (Squires et al., 2021), the external pressures from the totoaba black market, and how these factors altered the structure of incentives that drive decisions about fishing in the region. While the situation for vaquita is dire, similar threats to other marine mammals (Brownell et al., 2019) and other trafficked wildlife species (Felbab-Brown, 2017) may benefit from the experience of the UGC.



BACKGROUND


Small-Scale Gillnet Fisheries in the Upper Gulf of California

The UGC is a highly productive marine ecosystem supporting some of the most profitable and seasonally diverse small-scale fishery resources in Mexico (Erisman et al., 2015; Brusca et al., 2017). Gillnets have been used in the UGC since the 1930s, initially for sharks and totoaba, and then adapted for other species over the ensuing decades. With mesh sizes ranging from about 7 to 30 cm depending on target species, the nets are easy to deploy and cost-effective to use given the strong tidal currents in the area. Currently, gillnets are used to harvest several high value species: blue shrimp (Litopenaeus stylirostris) and brown shrimp (Farfantepenaeus californianus) from September to March; Gulf corvina (Cynoscion othonopterus) in March and April; and sharks, rays, and several kinds of finfish, such as bigeye croaker (Micropogonias megalops) and Spanish mackerel (Scomberomorus concolor) from February to June (Cudney-Bueno and Turk-Boyer, 1998; Erisman et al., 2015). These fisheries are major contributors of income, employment, and food security in the coastal communities and also provide a strong sense of cultural identity and social relevance (Lluch-Cota et al., 2007).

The most recent assessment of small-scale fisheries in the region (Pérez-Valencia et al., 2015; Appendix 1) indicated that there were 1,688 fishing licenses for 876 registered pangas. Pangas are fiberglass, outboard-powered boats 6 to 8 meters long, each operating with two or three local crew members (Cudney-Bueno and Turk-Boyer, 1998). Given the multiple target species, most fishers need two or more licenses to fish throughout the year, the average being 1.92 licenses per panga. Appendix 1 shows the distribution of licenses and pangas among the three main fishing towns in the UGC in 2015, the most recent year for which reliable data were available3. The level of fishing effort in 2015 reflects the impacts of policies analyzed in this paper.

The local economies of San Felipe in Baja California (population in 2018 ∼ 19,000) and El Golfo de Santa Clara in Sonora (population in 2010 ∼ 4,000) are largely dependent on fisheries that overlap with vaquita habitat (Cudney-Bueno and Turk-Boyer, 1998; Erisman et al., 2015). The Cucapá, an Indigenous community of the Colorado River Delta, and small-scale fishers from Puerto Peñasco in Sonora (population in 2020 ∼ 62,000), fish in the UGC but primarily outside of vaquita habitat.

A broad range of problems threaten the long-term sustainability of the region’s fisheries resources and biodiversity, including the population trends for vaquita and totoaba (Rojas-Bracho and Reeves, 2013; Cisneros-Montemayor and Vincent, 2016; Cisneros-Mata, 2020). The complex socio-ecological context, and a host of underlying institutional deficiencies at multiple levels, hinder efforts to implement more sustainable practices. These include a lack of inter-agency coordination, conflict among stakeholders and between fisheries and conservation policies, limited institutional capacity, lack of enforcement and compliance, corruption, and weak fisheries management that has resulted in open-access, overcapitalized fisheries with high levels of IUU (illegal, underreported unregulated) fishing (Lluch-Cota et al., 2007; Cisneros-Mata, 2010; Bobadilla et al., 2011; Erisman et al., 2011; Cisneros-Montemayor et al., 2013; C4ADS, 2017; Pasini et al., 2017; Crosta et al., 2018; Mangin et al., 2018; International Union for the Conservation of Nature [IUCN], 2020a,b; Cisneros-Mata, 2020; Felbab-Brown, 2020).

Before the re-emergence of the illegal totoaba fishery, gillnet fisheries for blue shrimp were the most profitable. Most of the product was exported to the U.S. market where the high quality, large size class UGC shrimp commands high prices (Ardjosoediro and Bourns, 2009; Mesnick et al., 2019). From 2001 to 2011, 53 and 58% of gross revenues from fishing in El Golfo de Santa Clara and San Felipe, respectively, were from blue shrimp (Erisman et al., 2015). Net annual profit per panga for shrimp has been estimated at 2,200 USD in El Golfo de Santa Clara and 2,700 USD in San Felipe (Barlow et al., 2010). Total ex-vessel gross revenues from all target species for both communities are estimated at less than 20M USD (Barlow et al., 2010; Erisman et al., 2015). Net earnings, however, vary widely among permit owners depending on the number of boats and permits they hold. While these are admittedly imprecise estimates of income, they nevertheless provide a general indication of the net income from fishing and therefore, provide a useful basis for considering the attraction of other economic activities.



Totoaba Poaching and the Black Market for Totoaba Swim Bladders

Totoaba – a large (up to 2 m and over 100 kg) long-lived sciaenid that congregates in large schools to spawn in the shallow waters of the UGC – has driven the development and fate of the communities of the UGC for nearly a century. The high value of totoaba brought early prospectors to the UGC in the 1920s as they responded to demand for the fish’s swim bladder. The swim bladders were initially consumed by the region’s Chinese immigrants and then later exported to China and the Chinese communities of California for a highly valued soup, while the meat was most often left on the beach (Chute, 1928, 1930; Flanagan and Hendrickson, 1976; Cisneros-Mata et al., 1995). The history of totoaba in the UGC demonstrates lost opportunities across multiple fisheries sectors, losses that could have been prevented with stronger fisheries management (Cisneros-Mata, 2020; see also Mangin et al., 2018).

In the 1920s a commercial fishery was established after an agreement between the United States and Mexico to develop a market for the whole fish (Cisneros-Mata et al., 1995). Totoaba soon became a highly prized commercial and sport fish, responding to a growing U.S. market where the fillets commanded high prices (Cisneros-Mata et al., 1995; True, 1996). As the fishery grew, early fishing methods evolved and efficient, large-mesh nylon gillnets became the preferred gear (Flanagan and Hendrickson, 1976). Annual yields increased rapidly and trade in totoaba with the U.S. promoted the development of roads and fishing infrastructure in the UGC communities (Flanagan and Hendrickson, 1976).

Fishing effort peaked in the 1940s. By the 1970s, totoaba landings had plummeted due to intensive overfishing, large numbers of juvenile totoaba bycaught in commercial shrimp trawls, and fishermen moving into the then more lucrative shrimp fishery (Cisneros-Mata et al., 1995; Cisneros-Mata, 2020). Mexico banned commercial and sport fishing for totoaba in 1975. The species was listed on CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora) Appendix 1 (1977), placed on the The U.S. Endangered Species List (1979) and the Mexican List of Endangered Species (1994), and has been listed as “Critically Endangered” by the IUCN since 1996 (but see Cisneros-Mata, 2020). Gillnets targeting totoaba were prohibited (1992) and trade in totoaba or any part of a totoaba is illegal under Mexican law, U.S. law, and CITES. Yet throughout this period, poaching of totoaba continued (Cisneros-Mata, 2020).

While there were some indirect indications of recovery of the totoaba by the early 2010s (Valenzuela-Quiñonez et al., 2015), a rapid and likely unsustainable resurgence of illegal fishing was also underway (Cisneros-Mata, 2020). The poaching has been driven by increasing demand in China where rising incomes and an expanding middle class fuel a market for totoaba swim bladders (known as “maw”), which are prized in traditional medicine and as gifts and investments (C4ADS, 2017; Crosta et al., 2018). Compounding the problem, criminal networks began trafficking in totoaba swim bladders and developed the black market, taking advantage of routes used for other illegal products, including narcotics (C4ADS, 2017; Crosta et al., 2018; Ladkani, 2019; Aceves-Bueno et al., 2020; Belhabib et al., 2020; Felbab-Brown, 2020).

The price of one kilogram of dried swim bladder in southern China has varied over time, ranging upwards of 20,000 to 80,000 USD or more (Environmental Investigation Agency [EIA], 2016a,b; Crosta et al., 2018). Most prized are the swim bladders of adult females, with large (over 1 kg), high-quality swim bladders garnering the highest prices. At the peak of prices in 2012, such a swim bladder could fetch over 155,000 USD (Environmental Investigation Agency [EIA], 2016b). UGC fishers are reported to receive between 3,500 and up to 8,500 USD per kilogram (Environmental Investigation Agency [EIA], 2016b; C4ADS, 2017; Crosta et al., 2018), a fraction of the retail value but an enormous income for a local fisher relative to other income sources (for comparison, ex-vessel price for blue shrimp are ∼12 USD per kilogram; Erisman et al., 2015), and a temptation otherwise honest fishers may not be able to resist (Aceves-Bueno et al., 2020). One night of fishing with a catch of a few totoabas can earn a fisher in the UGC more than what would be earned in one year of legal fishing (Crosta et al., 2018). Catching small totoabas will pay for the costs of fishing, but catching one or more large female totoabas is like winning the lottery; one fisher reported earning 116,000 USD in a single day of fishing (pers. comm. with local fishers4).

Given the expected revenues from totoaba poaching relative to revenues from legal fishing, prohibitions on totoaba fishing and the use of gillnets meet with considerable resistance from many fishers. Totoaba swim bladders have been dubbed ‘aquatic cocaine’ for their high value, and the illicit trade is enabled and fueled by corruption, poor enforcement, and lack of compliance with regulations (C4ADS, 2017; Crosta et al., 2018; Environmental Investigation Agency [EIA], 2019; Felbab-Brown, 2020; Cisneros-Mata, 2020). Organized crime is gaining increasing control of the region’s fishing activities, including for shark, shrimp, and corvina (C4ADS, 2017; Belhabib et al., 2020; pers. comm. with local fishers (see text footnote 4)). Organized criminal groups are also supplying gear and financing some of the costs of poaching, with some fishers becoming increasingly indebted to the cartels, making it even more difficult to break the cycle of illegal fishing or incentivize compliance with regulations (Crosta et al., 2018; Ladkani, 2019; Alberts, 2021). Social unrest and violence are becoming more frequent as fishers feel they have few alternatives, criminal networks compete for control, and illegal fishers clash with efforts to protect vaquita from gillnets (C4ADS, 2017; Crosta et al., 2018; International Union for the Conservation of Nature [IUCN], 2020a).



Vaquita Bycatch and Status

As with many small cetaceans around the world, gillnets present the greatest threat to vaquita survival (Rojas-Bracho and Taylor, 1999; Rojas-Bracho and Reeves, 2013; Brownell et al., 2019). Gillnets set for totoaba pose the greatest risk due to the intensity of fishing, overlap with core vaquita habitat, and fishing practices with large mesh size nets. Other potential threats that have been suggested, but no evidence exists to support them as significant risk factors, including inbreeding depression, pollutants, and ecological changes as a result of reduced flow from the Colorado River (Rojas-Bracho and Taylor, 1999; Brusca et al., 2017; Flessa et al., 2019; Gulland et al., 2020; Morin et al., 2020). Vaquita are listed under CITES Appendix 1 (1979), on the U.S. Endangered Species Act (1985) and the Mexican List of Species at Risk of Extinction (1994), and have been listed as “Critically Endangered” by the IUCN since 1996.

In 1997, the first abundance survey of vaquita estimated 567 individuals [95% confidence interval (CI) 177 – 1,073] (Jaramillo-Legorreta et al., 1999). Just over a decade later, a visual and acoustic survey documented 245 animals (95% CI 68–884) indicating an average annual decline of 7.6% attributed to mortality in gillnets set for shrimp and finfish (Gerrodette and Rojas-Bracho, 2011). Since the resurgence of gillnet poaching for totoaba, continued visual and acoustic monitoring of the population has documented a steep decline at about 50% per year (Thomas et al., 2017; Jaramillo-Legorreta et al., 2019). The number of vaquitas was estimated to be 59 in 2015 (Baysian Credible Interval (CRI) 22–145; Taylor et al., 2016) and less than 19 in 2018 (CRI 6–19; Jaramillo-Legorreta et al., 2019). As noted above, a recent photo-identification effort focused in the area where vaquitas were most recently detected acoustically, estimated 10 individuals, including 3 calves (Rojas-Bracho et al., 2020). Researchers last sighted vaquitas in November 2020 (International Union for the Conservation of Nature [IUCN], 2020a). Since then, acoustic monitoring has been suspended for the season due to the intensity of illegal fishing.

Vaquita have the smallest range of any cetacean (Figure 1). The remaining individuals appear to inhabit a tiny area (288 km2 or roughly 12 × 24 km) designated as the Zero Tolerance Area (ZTA) (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2019). The ZTA lies within the legally defined Vaquita Refuge and within sight of San Felipe (Figure 1). There are a number of reasons to believe that if vaquitas were immediately protected from gillnets throughout their range, but particularly in the ZTA, the population could recover (International Whaling Commission [IWC], 2021). These few remaining vaquita appear in robust health, have low levels of pollutants, can calve every year (instead of every 2 years as formerly believed), and have persisted with low levels of genetic diversity but no signs of inbreeding depression (Taylor et al., 2019; Gulland et al., 2020; Morin et al., 2020; Rojas-Bracho et al., 2020). Yet, even if complete protection of these remaining vaquitas were guaranteed, recovery would take decades (Taylor et al., 2016, 2019). Saving vaquita therefore requires pursuing both immediate actions to prevent extinction and sustained, long-term efforts to permanently transition fisheries in vaquita habitat away from gillnets.


[image: image]

FIGURE 1. Historical distribution of vaquitas (yellow hatched area) in the upper Gulf of California. The Upper Gulf of California and Delta of the Colorado River Biosphere Reserve (outlined in purple), designated by UNESCO in 1995, because of the unique habitat and presence of endangered species. The Vaquita Refuge (agreed to in 2005 and enacted in 2008 as a no fishing zone) is outlined in aqua blue. The gillnet exclusion zone (where fishing with gillnets is banned but other types of fishing are allowed) was given straight boundaries (dotted white) described by single latitude and longitude to facilitate enforcement and enacted in 2015 (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2014). Due to the drastic decline in vaquita numbers due to the resurgence of the illegal totoaba fishery, an enhanced enforcement zone (red) was recommended by Comité Internacional para la Recuperación de la Vaquita [CIRVA] (2017) in the area where the remaining vaquitas are thought to spend most of their time and that has high levels of illegal totoaba fishing effort. The Zero Tolerance Area (ZTA) is where CIRVA recommends nets must be removed within hours of being set (outlined in yellow). Despite these designations for vaquita protection, gillnets continue to be used and the population continues to decline toward extinction. Landsat satellite composite imagery provided by U.S. Geological Survey, National Aeronautics and Space Administration (NASA) and Esri, Inc. Projection UTM. Datum WGS84. Figure and caption adapted from Comité Internacional para la Recuperación de la Vaquita [CIRVA] (2019) and Jaramillo-Legorreta et al. (2019).




NATIONAL POLICIES IN MEXICO FROM 2007 TO 2018

Bobadilla et al. (2011) describe multiple periods of conservation action in the UGC. Initial efforts (1950–1970) focused on protecting commercial fish stocks; in a second period (1970–1990) efforts shifted toward social issues and promoting growth in small-scale fishing; and in a third period (1990–2007) the focus was on sustainable development. A fourth period, beginning in 2007, centered on single-species conservation driven by the steep decline of the vaquita population. Most of this paper addresses this fourth period, which featured a variety of policy instruments designed to reduce or eliminate gillnets in vaquita habitat and to compensate fishers for lost fishing income through economic instruments such as buy-outs and other monetary compensation programs. The paper finishes with a brief update on 2019-present (early 2021), which has been characterized by a lack of cohesive national policies in the region and the enactment of international trade sanctions.

From 2007 to 2018, the Mexican government invested heavily (around 145M USD) to implement programs and actions to prevent the extinction of the vaquita while providing support for the local fishing communities (Figure 2, Table 1, and Appendix 2). In this period, three programs were implemented to reduce or eliminate gillnets in vaquita habitat while providing for the livelihoods of fishers and related industries: (1) Vaquita Conservation Program for Sustainable Development in 2007, (2) Action Program for the Conservation of Species from 2008 to 2015 (PACE-Vaquita), and (3) Plan for the Comprehensive Care of the Upper Gulf of California (Comprehensive Care Plan).
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FIGURE 2. The decline of vaquitas has been continual despite many laws and regulations being enacted to reduce vaquita bycatch, but not resulting in the elimination of gillnets in vaquita habitat. See text and reviews in Rojas-Bracho et al. (2006), Bobadilla et al. (2011), Rojas-Bracho and Reeves (2013), and Cisneros-Montemayor and Vincent (2016) for more information. Figure with schematic depiction of vaquita population trajectory adapted from Comité Internacional para la Recuperación de la Vaquita [CIRVA] (2014), Jaramillo-Legorreta et al. (2019), and Rojas-Bracho et al. (2020).



TABLE 1. Summary of payments to fishers by the Government of Mexico to implement actions to protect vaquita from gillnets, 2007–2018.

[image: Table 1]The Vaquita Conservation Program for Sustainable Development (2007) was part of PROCODES, a nationwide subsidy program of the National Commission of Natural Protected Areas (CONANP). The focus was to provide specific alternative livelihoods in exchange for fishing licenses (Comisión Nacional de Áreas Naturales Protegidas [CONANP], 2009). In 2007, the Government of Mexico announced the Program for the Conservation of Species at Risk (PROCER), and developed a more specific instrument for vaquita: the PACE-Vaquita (2008–2015). PACE-Vaquita was a voluntary, multi-faceted program with four main components:


(1)Buy-out with alternative livelihoods: granted fishers the opportunity to start a new business in exchange for permanently surrendering their fishing license(s) and was an extension of the PROCODES program. Between 2007 and 2014, 370 licenses were purchased.

(2)Rent-out: payment for ecosystem services program (PES) provided financial compensation for not fishing in the Vaquita Refuge (Figure 1). Around 876 fishing license owners participated in this program for three years, which basically turned the refuge into a No Take Zone (NTZ).

(3)Switch-out: provided opportunities for fishers to permanently exchange gillnets for other non-entangling fishing gears. A total of 370 fishers participated in this program.

(4)Alternative technology development: paid fishers for participating in tests to develop alternative methods of fishing without gillnets. In return, participants agreed not to use gillnets during the year of testing. Thirty-eight fishers participated in 2009 and up to 126 in 2010; after this time, participation was almost non-existent.



While the PACE program was showing some positive results with fishers, the vaquita population decline accelerated (Jaramillo-Legorreta et al., 2016). The worsening situation led the Government of Mexico to suspend the PACE program and implement a new strategy to save the species. The Comprehensive Care Plan was announced in 2015 and differed from the PACE in that the program was mandatory. It had four main components:


(1)An increase in the size of the NTZ from 126,000 to 1.3 million hectares (the Gillnet Exclusion Zone; Figure 1).

(2)The suspension of all small-scale fisheries from the Gillnet Exclusion Zone for two years. The new regulations prohibited only gillnets and longlines (sometimes also used to catch totoaba), but in practice the prohibition also included fishing with gears which were originally designed as alternatives to gillnets.

(3)Monetary compensation provided to fishers and related industries for the loss of income from the fishing ban; 109M USD from 2015 to 2018.

(4)Enhanced enforcement effort and coordination with the support of the Mexican Navy and Federal Police.



Despite the unprecedented financial and political investment, the Comprehensive Care Plan also failed to end gillnet fishing in vaquita habitat and the vaquita population continued to decline. Fishers grew increasingly frustrated at the ban on earning a living from fishing with gillnets, the lack of effective enforcement against poaching, the inconsistent and insufficient support to develop alternative methods of fishing, and corruption and disparities in the government compensation system. The Center for Biological Diversity (CBD]) analyzed the distribution of government compensations among the fishing communities and found large disparities (13 individuals received 20% of the compensation; Olivera and Uhlemann, 2016),5 making a few individuals extremely wealthy while leaving some other families without adequate income support and compromising food security.

Table 1 underscores another important point, notably that payments to compensate fishers for not fishing in the NTZ (122M USD) significantly surpassed the investment in developing alternative fishing methods and alternative livelihoods (23.1M) (Table 1 and Appendix 2). Compensation was an emergency measure to support communities and buy time for vaquita, but the opportunity was missed to link future compensation payments to fishers’ participation in efforts that would benefit vaquita conservation or rebuild the region’s fisheries, economy, and community well-being, such as gear development and retraining programs (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2017).

In April 2017, the Government of Mexico declared extraction of endangered species a criminal felony comparable to organized crime (involving at least 3 fishers) (Diario Oficial de la Federación [DOF], 2017a) which was previously a minor offense. For the first time, those caught and convicted of totoaba poaching would be subject to a substantial fine. They would also be subject to a criminal trial and, if convicted, serve prison time (Diario Oficial de la Federación [DOF], 2017a). There has been inspections and seizures (Procuraduría Federal de Protección al Ambiente [PROFEPA], 2018), but few arrests, prosecutions, or penalties for illegal fishing, poaching, or trafficking in Mexico and respect for authority and rule of law is decreasing in the UGC (Expansión Política, 2019; Felbab-Brown, 2020). For example, of 174 formal cases filed by PROFEPA for capture, trafficking, and distribution of totoaba products (Procuraduría Federal de Protección al Ambiente [PROFEPA], 2019), only 10–13% of the arrests received a criminal sanction (Rivera, 2018; Martinez, 2019). There were no convictions between December 2018 and the end of 2019 (Procuraduría Federal de Protección al Ambiente [PROFEPA], 2019) and there has been only one set of arrests in 2020 (El Universal, 2020).

With vaquita continuing to die in gillnets, and under mounting pressure to save the species, the Government of Mexico published an agreement prohibiting the use of gillnets in June 2017 (previous versions had been temporary; Diario Oficial de la Federación [DOF], 2015,2017b). In October, 2017, the Mexican Ministry of the Environment (SEMARNAT) led a team of international partners in an emergency field effort to rescue as many vaquitas as possible and temporarily place them in captivity with the goal of releasing them once gillnets were eliminated, but the effort was suspended when an animals died (Rojas-Bracho et al., 2019). Additional efforts to protect the remaining vaquitas include a program led by SEMARNAT, together with conservation organizations, the Mexican Navy, and local fishers to remove active and abandoned “ghost” gillnets in vaquita habitat. Between October 2016 and March 2020, approximately 1600 gillnets have been retrieved from vaquita habitat (Sea Shepherd Conservation Society, 2019; Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2019; International Union for the Conservation of Nature [IUCN], 2020a, unpublished data).

In December 2018, a new administration for the Government of Mexico was inaugurated and the compensation to fishers and related industries was discontinued (International Union for the Conservation of Nature [IUCN], 2020b). In September 2020, the administration published a new agreement (Diario Oficial de la Federación [DOF], 2020) and guidelines (Diario Oficial de la Federación [DOF], 2021) for the protection of the vaquita. The new agreement included: banning the use of gillnets and requiring that fishers surrender their nets within 60 days; establishing mandatory inspections on every fishing trip; and creating specific zoning rules for the ZTA, encompassing the area with the remaining vaquita sightings. To date, these policies have not been implemented and the testing and financing of new gear outlined in the agreement has not been enacted. This has led to the continuation of unauthorized fishing with gillnets for shimp and finfish, as well as illegal fishing for totoaba (International Union for the Conservation of Nature [IUCN], 2020b; Sea Shepherd Conservation Society, 2020). For the past several years, social unrest and protests, as well as law suits and appeals for compensation, have been increasing as fishers feel their way of life is under attack and they have no alternatives. Reports of violence by illegal fishers against net removal vessels, legal fishers, and Mexican authorities are also becoming more frequent (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2019; Expansión Política, 2019; Felbab-Brown, 2020; International Union for the Conservation of Nature [IUCN], 2020a).

The alarm over the declining status of vaquita and continuation of illegal fishing has triggered international attention. UNESCO initiated review and subsequently inscribed the Islands and Protected Areas of the Gulf of California on the List of World Heritage Sites in Danger (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2019). In 2018, in response to litigation by conservation organizations, the United States banned the importation of fish and fish products caught with gillnets within the range of the vaquita under the new U.S. Marine Mammal Protect Act (MMPA) Import Provisions Rule (Federal Register [FR], 2018). The rule requires nations exporting fish and fish products to the United States to have marine mammal bycatch measures that are comparable in effectiveness to U.S. commercial fishing operations. The ban was followed by a finding of “comparability” that allowed imports of products caught in the same region with alternative vaquita-safe gears. However, the comparability finding has since been revoked because of Mexico’s failure to implement a comparable regulatory program and to enforce existing regulations (Federal Register [FR], 2020).

Vaquita is also identified as an issue of concern in the new 2020 United States-Mexico-Canada Agreement (USMCA) on trade (United States Trade Representative [USTR], 2020). In addition, and in response to the lack of effective action to counter totoaba trafficking, CITES drafted a resolution to restrict Mexico’s exports to international markets for more than 2000 listed species, representing an important source of foreign revenue into the country (Convention on International Trade in Endangered Species of Wild Fauna and Flora [CITES], 2019). While the deadline has been extended, the possibility of sanctions remains open, imposing a threat to important Mexican industries and livelihoods.



REVIEW OF POLICY INSTRUMENTS

The members of the NAAFE panel reviewed several of the key policy instruments implemented in the UGC to protect vaquita through an economic lens and evaluated the intended and unintended consequences of these policies. The following section provides a summary and further discussion of the main findings on four key instruments: buy-outs with alternative livelihoods, compensation for not fishing in the NTZ, alternative gear and markets, and social participation in decision making.


Buy-Outs With Alternative Livelihoods

The buy-out programs in the UGC were designed to provide financial incentives to fishers to turn in gillnets in exchange for funds to invest in alternative livelihoods. During PROCODES (2007), authorities offered limited investment options to fishers who opted to take part, while during the PACE (2008–2015) authorities provided a greater range of opportunities for investment by accepting proposals presented by the fishers. The buy-out programs were voluntary and required that participants permanently cancel their fishing licenses. Below, we discuss the effectiveness of the buy-out in building alternative livelihoods and as a measure to reduce fishing effort.

Ávila-Forcada et al. (2012) analyzed participation in the PACE program. They found that individual fishers’ social, economic, and demographic characteristics influenced decisions on whether to participate in this voluntary program and determined the level of participation as the program progressed. For example, fishers with a single license preferred to avoid risk by retaining their license and continuing to fish, while fishers with multiple licenses were more likely to participate. In addition, fishers with skills in other economic activities were more likely to participate, as well as older fishers who took the opportunity to retire from fishing.


Effectiveness of Building Alternative Livelihoods

A preliminary survey conducted in 2011 revealed that after three to four years, 70% of new businesses financed with PACE had survived (Ávila-Forcada et al., 2020). The survey data were used to analyze the factors associated with the survival of these new ventures and found that the businesses more likely to survive were those operated by women, located in San Felipe, not involved in fishing or tourism, and co-financed with loans from other sources6. These results highlight the importance of focusing on women in fishing families and the key role of financial services in the transition to alternative livelihoods. They also highlight the importance of looking at the household as a relevant economic unit.

Despite this initial success, from 2010 to the end of PACE in 2015, participation of fishers in the buy-out program was close to zero. The decline in participation was associated with the reduction of the payment: buy-out payments decreased from a single payment of 59,701 USD in 2008 to 31,750 USD in 2010, and to 26,718 USD in 20147 due to a lower budget for PACE (see Appendix 2). In addition to the reduction in the payment, the effectiveness of the program was limited due to the lack of malleability of human capital which is a barrier to exiting the fishing sector as described initially by Clark et al. (1979) and elaborated on by Clark and Munro (2017). Often, fishers are not ready or able to switch to other employment or to become small business entrepreneurs, and the UGC is no exception; those with malleable skills were those who were more apt to succeed in the program while most needed additional training to acquire competence in a different sector (Ávila-Forcada et al., 2012). There were attempts to train fishers in different trades, and an office established for a brief time to assist fishers (e.g., McGuire and Valdez-Gardea, 2008), but not enough support was devoted to this critical component in order for it to be successful. Ultimately, UGC fishers were not willing to give up the profits that could be made in the gillnet fisheries for which they were familiar and skilled. The profitability of these fisheries, along with little enforcement, and the money available from government compensation programs, provided strong incentives to remain fishing with gillnets.

Other obstacles to exiting the fishery included the lack of retirement plans for older fishers; low access to scholarships and training programs for young people prior to joining the fishing sector; and land tenure problems, especially in El Golfo de Santa Clara. Most of the fishers in this town have homes built on land they do not legally own (Bobadilla et al., 2011). If they leave the region, they do not have the certainty of keeping their home upon returning or the ability to profit from its sale. Lastly, the program coincided with the global economic recession, particularly that of the United States, which had adverse effects on the Mexican economy, including tourism (Villarreal, 2010).

The panel noted that for economic alternatives to be successful, it is critical to ensure well-functioning financial, property, and regulatory institutions that enable small business development. There are costs to switching professions, such as training, interest on loans, and opportunity costs for lost time before a new business becomes profitable, which may dissuade fishers from participating. The panel also noted that alternative livelihood efforts in the region only rarely considered the skills and needs of women or opportunities to strengthen the next generation by investing in education, food security, or health care, thereby limiting the ability of communities to evolve. There was agreement on the importance of establishing a diversified economy to avoid the dependency on one single sector and the need to allow local people to decide on the selection of alternatives.



Effectiveness of Buy-Outs for Reducing Bycatch

A buy-out program can perversely result in an increase in fishing effort. Fishers who take part in a buy-out could reinvest their funds to expand their fishing capacity on other vessels, such as by increasing the power of the engine or the size of the fishing gear (Clark et al., 2005; Curtis and Squires, 2007). This concept, known as capital stuffing, is defined as the tendency to invest in non-restricted inputs (such as hull, engine, gear) when one input (vessel number or size) is limited, often in response to regulations to limit entry or reduce fishing effort (Pope, 2009).

Prior to the buy-out program, Cudney-Bueno and Turk-Boyer (1998) reported that a typical shrimp operation used two gillnets of ∼ 400 meters each; after the buy-out, Pérez-Valencia et al. (2015) documented the use of two gillnets of 800 meters each. Cisneros-Montemayor (2017) used a static bio-economic model to analyze the economic rationale for increasing the size of gillnets. The starting point of the model is open access in which each panga (skiff) used 800 meters of gillnets. When introducing a buy-out into the model, the model shows an initial reduction of the number of pangas but an increase in the size of gillnet to 1,600 meters to return to the original equilibrium. This research, other studies of buy-out programs (Curtis and Squires, 2007), and anecdotal information from the UGC all suggest an increase in fishing capacity per unit of legal effort was a consequence of the buy-out (It is important to note the legal length of a gillnet in the UGC was 200 meters). Fishing capacity also reportedly increased due to an increase in the number of illegal new and “cloned” pangas8; an increase in engine capacity (new, bigger, dual motors); and an increase in the size of gillnets, or some combination of these Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2014).

Considering the limited and then declining participation in PACE and PROCODES, the limitations on alternative livelihoods posed by non-malleable human capital, and the evidence that gillnet effort in vaquita habitat did not decline, the panel raised significant concerns about the buy-out programs for the UGC and the unintended consequence of an increase in gillnet length. The panel emphasized the importance of establishing a sound fisheries management system encompassing permits, capacity, effort, access rights, and gears, as a first condition for supporting bycatch policies, which then must be enforced.



Compensation for Not Fishing in the No Take Zone

The Vaquita Refuge, an area of 126,000 hectares, was created in 2005 and established as a NTZ in 2008. From 2008 to 2014, UGC fishers received compensation for not fishing in the NTZ, also known as a PES policy to protect biodiversity. Annual payments varied from 3,000 to 4,500 USD per panga (regardless of the number of licenses). As a point of comparison, net annual income per panga with a shrimp license in 2010 was estimated at 2200–2700 USD and for finfish 857–1935 USD in San Felipe and El Golfo de Santa Clara, respectively (Barlow et al., 2010). The PES program excluded any mechanisms to incentivize license holders to share the payment with their crew members. Information from a vessel tracking program during the period shows that fishing intensity inside the NTZ was lower than in the rest of the UGC (Erisman et al., 2015), reflecting some compliance and a reduction of fishing activity inside the NTZ, which encompassed half of the vaquita population in a relatively small area9. However, fishing effort was not reduced in the other half of the range of vaquitas, resulting in a higher density of nets outside the NTZ (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2014). In 2015, when vaquita numbers dropped to less than 100 individuals, the Mexican government enacted emergency measures to expand the NTZ – 10 times larger than the original area. The increase encompassed the full range of vaquita and the known areas of illegal gillnet fishing for totoaba.

Payments for not fishing in the NTZ also increased in 2015: pangas with three licenses received up to 2,000 USD for each month of the fishing season. Despite adoption of the emergency gillnet ban in 2015, and significant financial compensation coupled with a new scheme to provide a subsidy to workers in related industries, reports of illegal fishing activities for totoaba increased dramatically. The rate of decline of vaquita abundance was the highest recorded to this time, 49% a year (2015–2016; Thomas et al., 2017). CIRVA had recommended that instead of lump-sum payments, compensation should be given only if fishers invested in vaquita friendly gear or participated in gillnet-free fisheries (Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2017). However, compensation was made on a regular basis with no requirements to participate in training or experimental gillnet-free fishing in exchange for the payments.

The panel noted the critical importance of considering the consequences of suspending legal fisheries for shrimp and finfish. While suspending legal fisheries reduced the risk to vaquita from gillnets used to target shrimp and finfish, the benefit was likely offset by increased incentive to target totoaba. The panel again highlighted the importance of a sound fishery management system, that is enforced, as a starting point in the establishment of a NTZ, which also needs to be developed in collaboration with the fishery sector. In other marine protected areas in the Gulf of California, fishing spillover, new opportunities for tourism, sportfishing, and commercial fishing, and continuous negotiations have compensated for the closure (Bobadilla Jiménez et al., 2017; Cisneros-Montemayor et al., 2020).



Alternative Gear and Markets

Beginning in 2004, experiments were conducted by the Government of Mexico, conservation organizations, academics, gear experts, and the fishing sector to develop and test promising gears that would allow fishers to make a living without risking vaquita entanglement (Herrera et al., 2017). A small number of fishers in the region have been key participants in these experiments, interested and willing to develop, test, and use alternative gears (PescaABC, 2017).

These early efforts identified a number of promising gear types with commercially viable catch ranges (catch rates were dependent on fisher skill; Herrera et al., 2017). However, the Mexican authorities failed to continue to make progress in transitioning UGC fisheries away from gillnets (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2018). Efforts have continued to fall short, including in the development of new gears, providing the necessary permits, and securing safe places for fishermen to conduct trials on the water. Consequently, most UGC fishers remain reluctant to use alternative gear, claiming it produces less catch and preferring the gillnets that have been profitable to use for decades. For example, in 2013 an important regulation outlined a three-year phase out of shrimp gillnets at the UGC as part of a modification to the national standard for shrimp fishing NOM-002 (Diario Oficial de la Federación [DOF], 2013). The application of this standard was delayed because of the expansion of the NTZ in 2015, lack of enforcement, and the reluctance of the fishing community to accept the technological change. Those fishers willing to use new gears at the time were frequently not able to get the required experimental fishing permits from the fisheries authorities. They also lacked financial support and have been physically blocked from access to fishing areas by gillnet fishers. Researchers have not been able to complete critical cost-earnings analyses with sufficient data to estimate profitability, improve fishing methods, and develop markets.

As PACE ended in 2015, the efforts for testing and implementing alternative gear have been inconsistent and continue to fall far short of the effort and investment needed (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2018; Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2019). Some of the efforts since 2015 include the testing of suripera nets for shrimp and encircling techniques for corvina conducted by INAPESCA; tests with fish traps conducted by fishers in San Felipe from Pesca Alternativa de Baja California (PescaABC); trials of suripera nets and a traceability system for shrimp organized by Museo de la Ballena with local fishers, which were successful in harvesting commercially viable catches; and some trials with small trawls conducted by individual fishers who obtained a commercial permit for catching shrimp. All these efforts have been done without a systematic plan by the fisheries authorities, while most of the fleet is allowed to fish illegally with gillnets, often observed in the NTZ.

Gear experts agree that over time, the alternative gear is likely to become more efficient as fishers become familiar with their use and gear configurations are tailored for local conditions (Herrera et al., 2017). To complement these efforts, southern California seafood buyers and chefs have demonstrated interest in purchasing shrimp harvested with methods that do not endanger vaquita (Aquarium of the Pacific, 2016; Ocean Awards, 2016; Sustainable Fisheries Partnership, 2019). There has also been interest in linking committed producers to responsible consumers, applying a “vaquita friendly” ecolabel as an instrument to support fishers using vaquita-safe gears. Eco-labels and preferential markets have the potential to empower and reward fishers, such as in the form of a price premium or market access, for responsible fishing practices (Poindexter et al., 2017). Such an approach is particularly well-suited for the high-quality, large-sized, blue shrimp from the UGC (Mesnick et al., 2019).

The panel noted the importance of understanding the large amount of human and social capital invested in gillnet fisheries for the last half century, making change inherently difficult. They also noted the importance of legal markets that support fishers’ ability to make a good living, as important insurance against the temptations of illegal markets (Felbab-Brown, 2017). The panel agreed on several points with respect to alternative gear and market opportunities. These included the critical need for fisheries authorities to facilitate the permitting, testing, and use of alternative gears and to take advantage of the expert technical advice provided by fishers themselves, as well as numerous gear technicians from government and academic research institutions. Verifiable and transparent seafood traceability systems are also indispensable requirements for conservation and market access, and fishers can be linked directly with buyers to address issues of asymmetric information. Finally, fishery management with stringent and enforced capacity and catch limits is key in ensuring that incentivizing policies will have the intended results.

Vaquita conservation in Mexico has been influenced, to some extent, by policies in other export market countries and multilateral fora. The ban under the U.S. MMPA import regulations, and the focus on vaquita and totoaba in the new USMCA trade agreement, has garnered attention and some action from the Government of Mexico, but has not stopped the use of gillnets in vaquita habitat. Fishers who continue to target shrimp with illegal gillnets may their product domestically, or it may be laundered and sold in the U.S. market (Felbab-Brown, 2020; Mendez, 2021; pers. comm. with Vaquita Enforcement Study Group10). Legal fishers using alternative gears are not able to access to the lucrative U.S. market, and opportunities to support these fishers through potential price premiums and niche market access in the U.S. are not possible at this time, but can be pursued in domestic markets. The ongoing poaching and trafficking of totoaba swim bladders also risks far-reaching sanctions under CITES for producers all across the country, but Mexico has not demonstrated that the vaquita and totoaba are effectively protected (Convention on International Trade in Endangered Species of Wild Fauna and Flora [CITES], 2019).



Social Participation in Decision Making

One of the most valuable, but often overlooked, aspects of the policies enacted in the UGC was the creation of the Group of Monitoring and Evaluation (OES) as part of PACE. OES held a total of 22 sessions from 2008 to 2013, averaging one meeting every 10 weeks. CONANP chaired OES which included other federal agencies, local governments, municipalities, conservation organizations, academics, and the fishing sector. Participants evaluated the progress of the policies and discussed adaptive management measures including compensations, changes in regulation, fishing management, alternative gear, and alternative livelihoods. OES could be defined as a formal cooperation-building approach for the government and the fishing sector, different from the numerous but ad hoc listening sessions held by the government agencies with the fishing sector, after OES ended. This participatory regulatory process played an important role in building buy-in to comply with regulations. As Symes and Hoefnagel (2010) and Benham (2017) show, when the subjects of regulations participate in the design of the regulations, higher compliance is observed.

As a result of OES, the fishing sector agreed to present an Environmental Impact Assessment (EIA) in which the sector would report its expected fishing effort, recognize its impacts, and propose mitigation measures to reduce the negative impact on the ecosystems11. Using this instrument, attempts were made to control fishing effort, and legal fishers agreed to participate in monitoring activities (Pérez-Valencia et al., 2015).

In the arena provided by OES, the fishing sector was also able to present their own ideas for regulations and solutions. For example, a key discussion at OES was the length of gillnets. As noted above, regulations (for shrimp) established a gillnet length of 200 meters, yet fishers regularly used two gillnets of 800 meters in length. At OES meetings, the fishing sector proposed one gillnet of 600 meters in length. From the fishers’ perspective this meant a reduction of 62.5%, while government officials perceived this as an increase of 300% from the legal level. The proposal did not pass, but this is an example of how the fishing sector was starting to participate in designing regulations that could balance vaquita protection with their own interests. While this was not the level of reduction called for by conservationists, it was an unprecedented offer presented by fishers themselves.

When switching from PACE to the Comprehensive Care Plan, OES disappeared, removing the only systematic venue for building relationships and developing the non-written norms and tools of engagement to help ensure buy-in with regulations. After OES, a Presidential Commission was created. The Presidential Commission was a closed group that included fisheries representatives but rarely included fishery sector stakeholders. Other agreements between Government of Mexico officials were made in closed sessions with fisheries representatives.

The panel and experts in social participation agree that having a constant framework for engagement allows space for cooperation to emerge (Leslie et al., 2015; Nenadovic and Epstein, 2016). A community fishery monitoring program for corvina in El Golfo de Santa Clara, which employs local women and is built with government support and a group of technical advisors, shows elements of such a framework (Environmental Defense Fund [EDF], 2021).



DISCUSSION

Although several policy instruments and unprecedented financial investments were made by the Government of Mexico in the UGC, they have been unsuccessful in eliminating the threat that gillnets pose to vaquita. We contend that a failure to prioritize and support alternative fishing methods and livelihoods for the coastal communities was a key missing component, compounded by the failure to address underlying issues of fisheries management and governance. Where these have failed, black markets, organized crime, and economic uncertainty have proliferated, driving ongoing use of gillnets and risk to vaquita. In this section, we examine how the current structure of incentives in the region makes illegal activities relatively more profitable for fishers, discuss the key factors undermining compliance with regulations, and make recommendations to improve outcomes.


The Economics of Fishers’ Compliance

From an economic perspective, the willingness to participate in an illegal activity can be estimated based on three parameters: the expected payout from the illegal activity, the severity of the sanction (penalty) for participating in the illegal activity, and the probability of being sanctioned (caught, prosecuted, and convicted) (Becker, 1968; Freeman, 1999; among others). Sumaila et al. (2006) conducted cost-benefit analyses of global patterns in illegal, unreported, and unregulated (IUU) fishing that quantified these factors, finding that the expected benefits from IUU fishing far exceed the expected cost of being apprehended. Assuming a probability of being sanctioned equal to 20%, the authors found that penalties would need to increase up to 24 times to equal the expected profitability of illegality (Sumaila et al., 2006).


Expected Monetary Benefit From the Illegal Activity

A fisher’s choice is based on a comparison between the expected income from illegal fishing and expected income from a legal activity (fishing with alternative gears, fishing outside the exclusion areas, or taking a job that does not involve fishing). For illegal fishing, the expected net income is the net revenues minus the consequences of being caught. The consequences are the product of the probability of getting caught and sanctioned and the severity of the anticipated penalty. Given the relative values in this choice set, especially the high monetary value of totoaba swim bladders and very low likelihood of being caught and sanctioned, incentives remain very strong for UGC fishers to engage in illegal fishing.



Penalty for Participating in the Illegal Activity

As noted above, a federal resolution in 2017 declared illegal fishing a major felony comparable to organized crime (Diario Oficial de la Federación [DOF], 2017a), yet there have been few arrests or convictions. In the case of the UGC, both the penalty and the probability of being caught and prosecuted are low and both components should be evaluated. Setting the appropriate sanctions is complex and issues of fairness, political acceptance, and civil liberties need to be considered (Polinsky and Shavell, 2000; Felbab-Brown, 2017). Evidence from law enforcement demonstrates, however, that it is the probability of being sanctioned that is fundamental to creating deterrence effects (i.e., incentivizing people to comply), even far more so than the size of penalties (Kleiman, 2009).



Probability of Being Sanctioned

When expanding the NTZ, the Government of Mexico also significantly increased investment in surveillance, including personnel, high speed military-style boats, drones, and special cameras. However, there was not a clear strategy for using these technologies in enforcement (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2018), and the efforts have not been well coordinated nor sustained. The jurisdiction among UGC enforcement agencies is complex and rules governing their activities limit effective action. Despite enforcement assets, and the possibility of criminal felony there is a lack of will by authorities to apply them; low and sporadic rates of effective arrest and prosecution result in low deterrence effects and therefore poor compliance in the region (Felbab-Brown, 2020).

Facing low probabilities of being caught and prosecuted, and high expected payoff for illegal activities, illegality becomes more attractive for many fishers in the UGC and can attract poachers from outside the area. Addressing the structure of incentives in the region requires a strategic approach that takes the full set of expected payouts and penalties into consideration so that regulations have the intended consequences.



Factors Undermining Compliance

Additional systemic factors and external pressures further undermine compliance with regulations and the effectiveness of policies to mitigate bycatch in the UGC, including the following.


Weak Fisheries Management

The panel noted a common point that complicated the implementation of the policies in the case of the UGC: the fishery lacks the most basic management measures, including any form of rights-based management. A history of weak fisheries management resulting in open-access, overcapitalized fisheries, keep UGC communities struggling for their livelihoods (Lluch-Cota et al., 2007; Erisman et al., 2011; Cisneros-Montemayor and Vincent, 2016; Pasini et al., 2017; Mangin et al., 2018; Aceves-Bueno et al., 2020). Moving toward rights-based fisheries management in the UGC is possible as seen in the case for corvina (Ortiz et al., 2016). Charles (2009) notes that defining fisheries rights aligns fishers’ interests with management measures and therefore engenders greater compliance with fishery regulations.



Complex Regulatory Environments Carry High Coordination Costs

The UGC offers a particularly complex regulatory environment: multiple government agencies and multiple fishing organizations are involved in policy regulation and administration, requiring considerable coordination in designing and implementing environmental policies (Cisneros-Mata, 2020). Stronger collaboration amongst the fishing sector and regulators will lower transaction costs and improve information flow.



Illegality and Corruption

There is a longstanding history of corruption and tolerance to illegality that has surrounded fisheries in the UGC. Corruption is a key enabler of the illict totoaba trade (Environmental Investigation Agency [EIA], 2019). It undermines the ability of law enforcement to fight poaching and criminal networks and it reduces the deterrent effects of enforcement. Enforcement requires a strategic approach that embraces the entire compliance and enforcement chain (C4ADS, 2017; United Nations Educational, Scientific and Cultural Organization [UNESCO], 2018; Environmental Investigation Agency [EIA], 2019; Aceves-Bueno et al., 2020; Felbab-Brown, 2020). Enforcement and compliance with regulations in the UGC is also difficult because many fishers are willing participants in poaching and illegal fishing operations, view regulations as illegitimate or an imposition of conservation values that go against their economic interests (Felbab-Brown, 2018; Aceves-Bueno et al., 2020). In these cases, enforcement is both socially and politically unsustainable, as well as costly (Felbab-Brown, 2018). Building economic alternatives with the fishing community can be key to gaining acceptance and compliance, lowering the costs of enforcement, particularly when participants perceive regulations to serve their economic interests.



Lack of Community Buy-In

In addition to the probability and severity of sanctions, decisions to comply with regulations are also influenced by intrinsic motivations, as described by theories of psychology and sociology (Sutinen and Viswanathan, 1999; Squires et al., 2021). Consideration of these motivational inputs as well as social norms can contribute to building compliance. Examples of social norms that can be considered include social influence, moral values, sense of justice, and the perceived legitimacy of regulations (Hatcher et al., 2000). Participatory regulatory processes, in which participants are empowered to play a prominent role in decision making and where their views can be heard, may help achieve better compliance (Hanna, 1995).

However, it is important to note, that the role of individual private entities should be limited in the design of regulations to secure the public interest and avoid regulatory capture, which occurs when a regulatory agency is co-opted by the interests of a minority (Dal Bó, 2006). To address some of the regulatory capture problems, agencies can limit discretion and empower public interest groups, including other sectors and industries. When this can be accomplished, public participation can lead to efficient forms of cooperation that enhance the attainment of regulatory goals and strengthen democracy (Ayres and Braithwaite, 1991).



Pressure From Outside of Mexico: Demand From Distant Markets

The UGC finds itself at the crossroads of several global market forces. The U.S. demand for totoaba meat in the early years, and then shrimp, have been key drivers of vaquita bycatch. The market for totoaba swim bladders in Hong Kong and continental China results in derived demand and the current crisis. Chinese traffickers and Mexican cartels trafficking drugs to the U.S. market place additional outside pressures on the region (C4ADS, 2017; Crosta et al., 2018; Environmental Investigation Agency [EIA], 2019; Felbab-Brown, 2020). These external forces fuel poaching of totoaba and illegal fishing at the local level and empower criminal activity and corruption. The tools of traditional fisheries management are not sufficient to address these drivers (Aceves-Bueno et al., 2020). Tackling the complex supply chains linking fishers in the UGC and end consumers in distant markets requires a portfolio of policy instruments, enforcement tools, industry and government accountability, public information campaigns, and multidisciplinary expertise adapted for the special circumstances of reducing demand and trafficking in prohibited wildlife products (Felbab-Brown, 2017, 2018).



Inequality, Impoverishment, and Crime

Although the UGC has some of the most diverse and profitable fisheries resources in Mexico, the history of weak fisheries management, open access fisheries, and overcapitalization contributes to inequality and impoverishment, as is the case in fisheries around the country (Mangin et al., 2018). The literature on poverty and crime shows a positive correlation between absolute poverty and illegal activities (Patterson, 1991; Scorzafave and Soares, 2009; Short, 2018). In the UGC, the loss of income from the closure of gillnet fisheries and limited alternative sources of income were further compounded by the disparities created by the compensation plan. Some fishers with few alternatives turn to totoaba poaching and illegal fishing, risk becoming further trapped by debt to the cartels, and cannot exit (Ladkani, 2019; Alberts, 2021). As Felbab-Brown (2017), Aceves-Bueno et al. (2020), and others have pointed out, viewing poaching only as an activity of criminals ignores important underlying social injustices. Policies that compromise economic security may end up exacerbating the conditions that incentivized illegal activities in the first place (Cisneros-Montemayor and Vincent, 2016; Felbab-Brown, 2017; Aceves-Bueno et al., 2020).



RECOMMENDATIONS

Despite the very small area and the singular threat to survival, saving vaquita is complex, multi-faceted, and context dependent. It requires a holistic approach, using local knowledge, multidisciplinary expertise, and a broad range of tools and policy instruments. Solutions to eliminating vaquita bycatch require combining top-down regulations and effective enforcement with bottom-up, participatory, and incentive-based approaches to improve buy-in, and therefore bolster compliance with regulations. The holistic approach recognizes that illegal fishing in the UGC is not solely a problem of enforcement; it also reflects the social, economic, and political context of coastal communities. Not surprisingly, fisheries regulations that are seen as conflicting with the livelihoods of local fishers tend to provoke resistance (Gezelius and Hauck, 2011). Conservation needs to be designed and structured to benefit local communities through early and inclusive processes. Conservation actions should be geared to support legal fishermen in their ability to earn a living and to ensure they have a direct stake in a healthy marine ecosystem. These approaches require more time and a step-wise deliberative process, but will yield more long-lasting and effective results in addressing bycatch and wildlife trafficking. The panel recommends the following.


Strengthen Fisheries Management With a Clear Definition of Access Rights

Many of the issues in the region stem from a legacy of poor fisheries management with overcaptalized and mostly open-access fisheries (Sumaila, 2012). Charles (2009) identifies the wide variety of access rights, noting two primary categories: (1) access rights specifying which vessels may participate in the fishery; and (2) harvest rights defined by species, gear, and time. Fishers within the region who are most impacted by restrictions should benefit from the resource through formal recognition of tenure rights (Cisneros-Montemayor and Vincent, 2016) whether in terms of rights to participate or rights to a share of the harvest.



Build Solutions With Communities

Increased participation in regulatory design is linked to increased compliance (Symes and Hoefnagel, 2010; Benham, 2017). Creating a fishery management system that empowers fishers as part of the decision-making process is key to building buy-in and therefore compliance. Such a participatory regulatory process can be built with broad community and institutional engagement so that trust, accountability, and legitimacy increase, and the political costs of enforcement are reduced (Gezelius and Hauck, 2011).



Improve Enforcement

Even with greater community buy-in, effective enforcement will remain key. Sustained enforcement needs to center on three points: intense enforcement in the vaquita’s range to prevent the entry of gillnets into vaquita habitat, particularly the ZTA; robust enforcement in distant retail markets to reduce demand; and elimination of the operational layer of smuggling and organized criminal networks (Felbab-Brown, 2018, 2020). To have any hope of saving the last remaining vaquita, the speed and prevalence of prosecution that results in conviction need to radically increase in the UGC. This requires more effective deployment of detection and interdiction assets, full use of detection technologies, and greater diligence of authorities at the local, national, and international levels to enforce regulations. Cross-agency coordination, the prioritization of enforcement of the gillnet ban, and reduction of corruption among regulators and enforcers as well as the reduction of the political costs of enforcement, such as through the development of legal markets are also needed. Well-designed enforcement that is seen as legitimate by key stakeholders and is sustained, and sustainable, is essential for the effectiveness of conservation policies.



Create an Optimal Structure of Sanctions

To achieve an optimal level of deterrence, re-thinking the structure of sanctions in the UGC is needed, including consideration of fairness, pathways for offenders to avoid future violations, and the importance of swift, certain, and consistent levels of enforcement. In addition, and in a context of tolerated corruption such as the UGC, it is important to consider the possibility of including rewards to enforcement officers to avoid bribery (Polinsky and Shavell, 2001). Appropriate sanctions (including permit revocations, boat and catch seizures, fines, and prison terms) need to be commensurate with the socioeconomic condition of the offender and their level of involvement in illegal activities and not push low-level offenders farther into debt or illegality. Frequent violators should be fined at escalating rates, and fishing leaders as well as members of organized criminal groups arrested. Felbab-Brown (2017) describes that for law enforcement to have pronounced deterrence effects for homicide, for example, arrests and effective prosecutions need to reach about 40%. Mexican laws and regulations are in place; the will to apply them is needed in order for sanctions to influence the decision to participate in illegal fishing or trafficking (Felbab-Brown, 2017, 2020).



Invest in Economic Opportunities

To build compliance with conservation, and to counter the attraction of illegal activities, legal fisheries must be able to provide jobs, profits, and economic security (Cisneros-Montemayor and Vincent, 2016; Felbab-Brown, 2017; Comité Internacional para la Recuperación de la Vaquita [CIRVA], 2019). Creation of alternative livelihood opportunities remains an urgent imperative in the UGC. Collaboration between fishers and fishing authorities, non-governmental organizations, gear experts, and industry must substantially increase to scale, develop, and socialize a comprehensive and transparent gear transition program, with explicit consideration of ecological capacity and impacts, as well as to design and implement a fisheries monitoring and traceability system. A broad range of livelihood alternatives needs to be considered (both on and off the water) that can yield comparable net income levels, and considering factors such as risk and preferences. It is equally important to consider the household as the relevant economic unit and evaluate the full spectrum of small businesses that provide services to the community, such as stationary shops, restaurants, beauty salons, etc. A broader array of economic activities can lead to more resilient coastal communities and increase compliance with policies that serve local economic interests (Cisneros-Montemayor and Vincent, 2016; Ávila-Forcada et al., 2020).



Invest in Human Capital

Crucial to sustainable development in the UGC is long-term investment in human capacity, gender equality, and other factors that enable individuals to create their own livelihood opportunities not exclusively dependent on fishing (Cisneros-Montemayor and Vincent, 2016). Becoming a skilled fisher requires years of investment in human capital, which is lost when a fisher is asked to switch professions. Building capacities among fishers to learn other business skills, creating educational opportunities for young fishers or retirement for older ones, and solving land tenure problems for those willing to migrate, are just some of the alternatives for diversifying livelihood options in the community. Although controlling the overall fishing effort of the fishing fleet through some form of limits on access or output is an important part of improving fishery management, it can result in a smaller fleet and fishing labor force. Thus, investing in the malleability of human capital is essential. A broader perspective is needed to embrace the valuable contributions of women and to build short- and long-term opportunities for women and children, such as micro loans, education, and training.



Use Market Tools, but With Caution

Markets are powerful tools as the ultimate drivers of derived demand for fishing. Buyers, distributors, processors, and producers share responsibility for the legal provenance of their products and need to develop and implement a comprehensive chain of custody and traceability system that can be shown to hold all parts of the supply chain accountable for their sourcing. Bycatch conservation can be addressed by standards and certification and in consumer markets through ecolabels and information programs. However, the regulatory and traceability frameworks to prove compliance must be agreed upon beforehand, implemented, and verified. This also requires clear access rights and catch limits to avoid perversely incentivizing over-fishing which would act against conservation efforts. Domestic markets can be tested for small groups of fishers motivated to try methods that do not endanger vaquita, carry trackers, and linked to consumers seeking responsibly harvested seafood. Market tools can also be used to reduce demand for totoaba swim bladders as part of combatting illegal fishing for totoaba. Linked through organized crime throughout the market chain, the situation requires a comprehensive approach with partners who understand illicit trade and economies (Felbab-Brown, 2017; Aceves-Bueno et al., 2020). An interesting parallel can be found in the global effort to combat shark finning. Public statements by key Chinese government officials and celebrities helped reduce the demand for shark fin soup in the years 2007 to 2013 as did, crucially, the publicization of high content of dangerous mercury concentration in shark fins (Vallianos et al., 2018).



CONCLUDING REMARKS

Every day the people of the UGC communities engage in economic activities to earn a living. What the economic perspective brings is a focus on developing a new structure of incentives in which legal activities benefit communities more than illegal activities. The urgency of the situation requires immediate actions to protect the remaining vaquita. The complexity of the situation requires an integrated, multi-faceted approach to policies, combining technical expertise in gear and economic development, social participation in the regulatory process, socially relevant and structured incentives, and swift and certain enforcement of regulations. The situation for vaquita is dire, yet lessons from this case study may apply in other coastal, small-scale fisheries where conservation policies to reduce bycatch may be seen as conflicting with local economies, and more broadly in conservation issues around the globe.
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FOOTNOTES

1Understanding institutions as the “rules of the game,” both the formal legal rules and the informal social norms that govern individual behavior and structure social interactions (North, 1990).

2“Incentive-based” instruments refer to all kinds of instruments that could change human behavior without having to command the change in behavior via a direct regulation. Such kinds of instruments could include: property-based instruments (fishing quotas, territorial use rights for fisheries); economic instruments (taxing the conduct or activity that the regulator wants to decrease); market instruments (cap and trade policies); or correcting information asymmetries, among others.

3Fisheries authorities never completed the census of fishers in the UGC. However, given the UGC is a designated natural protected area, all economic activities (including fisheries) are required to present an Environmental Impact Assessment (EIA). Fishers without an EIA authorization would not be able to obtain the permits issued by the port authorities to go fishing; this makes the list of vessels and fishers included at the EIA the most reliable data on the real fishing effort in the region. In 2015, an expansion of the Vaquita Refuge as a No Take Zone, was a de facto fishing ban. Since then, fishers have not presented an EIA, making the information from 2015 the most reliable data for the fishing effort in the region.

4Local fishermen in San Felipe, personal communication to Lorenzo Rojas Bracho, communicated to the authors

5Some of the factors impacting the distribution of compensation funds could include political power (fishing leaders) and economic power (fishing cooperatives linked with buyers or those that have a concentration of licenses).

6Ávila-Forcada et al. (2020) classified the type of business in three categories: (1) tourist-oriented (cabins, restaurants, souvenir shops, and similar); (2) non-tourist oriented (beauty salons, tortilla shops, stationery shops, and similar); and (3) fishery-related (freezer plants, aquaculture activities). The type of business was found to be a non-significant variable of the model.

7The payment was calculated as the lifetime value of a fishing permit, considering a discount rate of 10%. The goal of the buy-out was to retire as many gillnets as possible within a defined budget. In economic terms, the government offered the terms of the buy-out as a “reverse auction,” designed to minimize the amount expended in order to get as much product as possible; inputs are a target or a budget, with the price offered increasing each iteration. Reverse auctions are designed such that the buyer reveals the price to pay and the seller decides to sell or not, knowing that the price will go up but not knowing anything about the remaining budget. In the logic of a reverse auction, the amounts that the government of Mexico should present would increase year by year. However, the buy-out operated in the opposite direction with time than what would be recommended by auction theory (Barlow et al., 2010).

8The term “cloning” here refers to the use of a single license to operate two or more pangas. Cloned pangas have the same type of engine and the same boat name and license number printed on the side of the vessel. They carry duplicate licenses on board and share any other components that would make it difficult to differentiate the original panga from the “cloned” one/s. Usually, cloned pangas are deployed at a distance from one another in order to avoid detection by the authorities.

9Rojas-Bracho and Reeves (2013) explain the technical difficulties that fishers experienced in identifying the NTZ that made compliance difficult to follow.

10Personal communication from the Vaquita Enforcement Study Group to the authors

11Minutes of the 14th session of the OES, 10 June 2010.
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Appendix


APPENDIX 1. Number of pangas and licenses in the Upper Gulf of California. Adapted from Pérez-Valencia et al. (2015).
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APPENDIX 2. Payments to fishers by the Government of Mexico to implement actions to protect vaquita from gillnets (1,000’s USD), 2007–2018.
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Al figures are in 1000's USD based on the average Mexican peso to US dollar exchange rate for each year. Figures correspond exclusively to monetary transfers to
fishers from the Government of Mexico (mainly administered by the Ministry of the Environment, SEMARNAYT). Figures do not include financial costs of enforcement, which
increased significantly during the years of the Comprehensive Care Plan (beginning in 2015). Summary of monetary investment by the Mexican govemment in the four
main components of strategies to remove gillnets from vaquita habitat: gear substitution, buy-outs, compensation for not fishing in the No Take Zone, and investment in
technological development of alternative fishing gear. Monetary payments and compensation to fishers effectively ended in 2018. Adapted from Comisién Nacional de
Areas Naturales Protegidas [CONANP], 2009; 2010; 2011; 2012; 2013; 2014; 2019.
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