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“Any fool can know. The point is to understand.” 

Albert Einstein 

 

For love of domination we must substitute equality;  

for love of victory we must substitute justice;  

for brutality we must substitute intelligence;  

for competition we must substitute cooperation.  

We must learn to think of the human race as one family. 

Bertrand Russell 
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ABSTRACT OF THE DISSERTATION 

 

Marine conservation across political borders 

by 

Juan Arturo Ramírez Valdez 

 

Doctor of Philosophy in Marine Biology 

 

University of California San Diego, 2019 

 

Professor Octavio Aburto Oropeza, Chair 
Professor Exequiel Ezcurra, Co-Chair 

 

In the marine environment, political borders are essentially imaginary lines that often divide well-

connected populations, communities and habitats. Scientific evidence shows that collaboration 

among nations can improve the effectiveness of program management, conservation, and cost 

efficiency. Despite the evidence that the marine region between California (U.S.) and Baja 

California (Mexico) constitutes a single ecoregion, our research revealed a lack of binational 

collaboration and differences in knowledge, and management of trans-boundary marine species. 

Chapter 1 asks what the fish composition of the Cedros archipelago is, and if the affinity of the 

species would allow us to recognize the biogeographic break between the temperate and 

subtropical systems. We found that the Cedros archipelago fish community is a species-rich 

assemblage, with a fairly even blend of temperate and tropic-subtropical affinity species and 
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represents a marked break between the San Diegan and the Cortez biogeographic provinces. We 

recorded nineteen new species occurrences in the Cedros archipelago, and limited sampling effort 

south of the U.S.-Mexico border may be the most likely reason for these new occurrences. Chapter 

2 asks whether asymmetric management of marine resources across socio-political borders could 

result in loss of economic opportunities and threaten populations through overfishing. In the case 

of the critically endangered giant sea bass we found that extremely strong asymmetry exists in 

scientific knowledge, economic input, and conservation across the U.S.-Mexico border, political 

regulations have both hidden and created illusions of false historical population collapses, and the 

total population size is likely higher than previously estimated. In the case of the economic value 

of the giant kelp forest we found a positive relationship between kelp forest cover and the fisheries 

production, the higher the kelp cover, the higher the fishery production, and therefore the revenues 

resulting from them. Chapter 3 aims to analyze the effects of climate change in the giant kelp forest 

ecosystem across the U.S.-Mexico border and what the future scenario would be in the face of the 

current climatic trends. Our literature review showed that the giant kelp and the biological 

communities it supports will likely react to climatic and non-climatic changes in complex ways, 

likely by contracting their southern extent due to warming waters, reductions in nutrient 

availability, increasing wave disturbance, and grazing by warm-water herbivores. As a result, the 

best strategy in the long run is transboundary cooperation through sharing cross-border marine 

resources and acknowledging the actions taken by one of the invariable parties affects the other. 

Our results highlight the need for greater cross-border cooperation in conservation and marine 

resources management and generate research political-borderless. 
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INTRODUCTION 

 

Marine conservation strategies are commonly aimed at limiting human-induced impacts, 

restoring damaged marine ecosystems, and preserving vulnerable species (Duarte et al., 2020; 

Knowlton, 2020; Worm, 2017). For this reason, the design and implementation of marine 

conservation strategies require multi-factor analysis, which can be even more complicated when 

considering the resources being shared by nations. In marine ecosystems, cooperation and 

coordination between countries are especially important because of ocean currents and the natural 

flow of material in the sea, the high mobility and dispersion of species, the maintenance of genetic 

flow in the populations, the common use of marine resources, and marine sovereignty (Levin et 

al., 2013). 

In marine environments, political borders are intangible lines that often divide well-

connected populations, communities, and habitats (Block et al., 2011; Selkoe et al., 2010). While 

biogeographic boundaries are the result of the natural distribution of species, political boundaries 

are artifacts of human organization that tend to delineate the limits of decision-making processes 

(Dallimer and Strange, 2015). When nations share species and ecosystems, they also share the 

ecosystem services that maintain human life (López-Hoffman et al., 2010). The identification of 

the spatial areas of species and ecosystems is relevant for the establishment of adequate and 

representative conservation strategies, especially in ecosystems shared across nations. 

Additionally, scientific evidence shows that collaboration among nations can improve 

management and conservation program effectiveness and cost efficiency by developing a fully 
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coordinated plan that encompasses protected area and conservation goals (Kark et al., 2009).  

 

Despite the evidence that the marine region between California, United States (U.S.), and 

Baja California, Mexico, constitutes a single marine ecoregion (Horn et al., 2006; Pondella et al., 

2005), research efforts have revealed a lack of binational collaboration and differences in 

knowledge, conservation, and management of trans-boundary marine species (Aburto-Oropeza et 

al., 2018; Wilder, 2013). The U.S. and Mexico together account for more than 2,600 km of 

coastline in the temperate sea of the Northeastern Pacific, which hosts a huge diversity of species 

ranging from local resident populations important for sustaining food webs, such as giant kelp 

(Macrocystis pyrifera) (Edwards and Hernandez-Carmona, 2005), to large predators and other 

mobile organisms that cross the national border regularly, such as sharks and giant sea bass 

(Stereolepis gigas) (Block et al., 2011; Chabot et al., 2015). In the Northeastern Pacific, giant kelp 

forms dense forests from Santa Cruz, California (U.S.) to Bahia Asuncion, Baja California Sur 

(Mexico). Giant kelp forests can be considered the submerged counterparts of rain forests and are 

among the most species-rich communities (Schiel and Foster, 2015) and productive ecosystems 

on earth (Reed et al., 2015). Giant kelp is an ecosystem engineer that creates biogenic habitats that 

provide refuge for numerous species, including many that are often economically important for 

fisheries (P. Edward Parnell et al., 2010; Schiel and Foster, 2015). 

The kelp forest communities of the Northeastern Pacific have experienced two very 

different histories. Along the coast of California, a long history of fishing pressure (M. J. M. J. 

Tegner and Dayton, 2000), continuous long-term scientific monitoring programs (Foster et al., 

2013; Schiel and Foster, 2015; Tegner and Dayton, 1987), and networks of marine reserves 

(Murray and Hee, 2019) all highlight the high quantity of coastal human impacts both positive and 
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negative for the ecosystem. Contrastingly, the kelp forests off the coast of the Baja California 

Peninsula lack a marine reserve network established along the coastline and have received much 

less attention from both large-scale fisheries and research and monitoring initiatives (Arafeh-

Dalmau et al., 2017). Along the Baja California Peninsula and Southern California, the presence 

and abundance of kelp is very dynamic in space and time as a result of grazing, storms, episodic 

oceanographic events, and climate change (Arafeh-Dalmau et al., 2017; Cavanaugh et al., 2019; 

P. Ed Parnell et al., 2010). In addition to natural and anthropic stressors, coastal marine ecosystems 

around the world and the human communities that depend on them are facing the challenge of an 

increasingly variable climate. (Doney et al., 2012; Hoegh-Guldberg and Bruno, 2010). The 

pressure that these stressors pose to the marine ecosystem has generated habitat alteration and an 

increase of species vulnerability (Hoegh-Guldberg and Bruno, 2010). 

The existence of four research pathways has been suggested (Dallimer and Strange, 2015), 

which may enhance our ability to address the adverse effects of socio-political borders on 

conservation: (i) scale-matching, (ii) quantification of the mutual economic benefits of 

conservation across boundaries, (iii) determining transboundary societal values, and (iv) 

acknowledging the importance of stakeholder behavior and incentives. This work addresses these 

research pathways, involving marine resources of ecological importance and economic value in 

the California (U.S.) and Baja California Peninsula (Mexico) region, and incorporating a wide 

range of stakeholders. 

Building upon existing information and generating new evidence, my research incorporates 

different sources of observational data to develop and propose new conservation strategies in the 

management of marine resources from a transboundary perspective. The following specific 

questions guide each chapter of this thesis: How do socio-political barriers operate to restrict the 
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knowledge we have of marine resources? What are the ecological and economic implications as 

a result of differential use and management of marine resources across socio-political boundaries? 

How does climate change impact the conservation and management of trans-boundary marine 

resources? 

The goals of this dissertation were to assess the asymmetry in knowledge and management 

of marine resources across the U.S.-Mexico political border, using the distribution of fish species, 

the differential management of the giant sea bass (Stereolepis gigas), the economic value of the 

giant kelp (Macrocystis pyrifera) forest ecosystem, and the implications of climate change for the 

future scenario of kelp forests across the border as indicators. Using fish distributions as a case 

study, the objectives for Chapter 1 were to analyze the implications of the uncertainty of the species 

distribution in the transition between the warm-temperate and subtropical real. The objectives of 

Chapter 2 were to evaluate the ecological and economic implications of the differential 

management of marine resources across socio-political boundaries. To that end, I developed two 

case studies. For the first case study, I analyzed the asymmetry in the management of a critically 

endangered fish species across the political border between the U.S. and Mexico. For the second 

case study, I examined the ecological and economic value of the kelp forest ecosystem and the 

services it provides using commercially important species that rely on this ecosystem. The 

objectives of Chapter 3 were to analyze the effects of climate change in the giant kelp forest 

ecosystem across the U.S.-Mexico border and what the future scenario would be in the face of the 

current climatic trends. To do this, I developed a literature review to compile the existing 

knowledge about the giant kelp forest ecosystems in California (U.S.) and Baja California 

(Mexico). The collection of research identifies the importance of how political boundaries can 
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represent a challenge for some marine resources, in the same way as it has been documented with 

the terrestrial system (López-Hoffman et al., 2010; Wilder, 2013). 
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CHAPTER 2: 

 

Asymmetry in the management of marine resources across political borders 

 

ARTURO RAMÍREZ-VALDEZ 

 

 

OVERVIEW 

 

In marine environments, political borders divide fish populations and their critical habitats 

(Block et al., 2011; Chabot, Hawk, & Allen, 2015; Selkoe, Vogel, & Gaines, 2007). These 

imaginary lines cause asymmetry in research, management, and conservation for otherwise well-

connected fish populations. Asymmetry in research across a political border can generate 

differences in species knowledge and therefore impact the perception of the status of populations. 

Similarly, the asymmetric management of a fishery also impacts the economy derived from it, the 

subsistence of its populations, and can compromise neighboring populations. Coordinated 

management of connected populations may allow for the replenishment of depleted stocks, 

improve population stability, and ultimately maintain genetic diversity (Paterson et al., 2015). 

Although it is reasonable to argue that effective management can be achieved through cooperation 

and symmetric management goals, the benefits themselves are then often unequal (Ishimura et al., 

2013). The asymmetry in the research and management of shared resources between nations can 
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be driven by a variety of factors, including differing perceptions of the importance of a resource, 

economic and social disparity, and different management goals (Miller and Munro, 2004).  

In terms of fisheries, scientific evidence suggest that cooperative management of shared 

marine stocks is necessary to achieve sustainability and reduce uncertainty in future stock 

predictions (Ishimura et al., 2013; Pinsky et al., 2018). By some estimates, there may be as many 

as 1,500 "shared stocks" worldwide, with only a few being effectively and cooperatively managed 

(Caddy, 1997). The United Nations Convention on the Law of the Sea (UNCLOS) grants each 

country exclusive rights to set its own goals in the management and evaluation of resources within 

its exclusive economic zones (EEZs); therefore, in most cases these decisions are made without 

regard to neighboring states (UN, 1982). However, UNCLOS states that nations must ensure that 

the fisheries within their EEZ are not overexploited, and in the case of shared resources, nations 

must cooperate to establish adequate management measures (Pinsky et al., 2018).  

A growing body of literature provides tools for navigating the complexities of 

transboundary shared stock management (Miller and Munro, 2004; Pinsky et al., 2018). However, 

currently theoretical and modeling studies are still dominant over empirical studies. Both 

theoretical and modeling studies have shown that long-term agreements based on scientific 

information incorporating variability in stock abundance allows for the maintenance of 

collaborative interest and improves country-specific benefits (Miller and Munro, 2004; Pinsky et 

al., 2018). The challenges we face in the management of shared resources have been known for a 

long time, and as climate change adds more potential stressors to fish stocks (Cavole et al., 2016; 

Pinsky et al., 2018), it is imperative that we take action. Lack of collaboration between countries 

results in an asymmetry in the management of marine resources that may not be successful in the 

long term, particularly in the context of climate change (Pinsky et al., 2018). However, appropriate 
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management of resources may offset potentially negative effects of climate change (Free et al., 

2020; Gaines et al., 2018). 

Thus, there are three arguments for the importance of binational cooperation in the 

management of shared marine resources between the United States (U.S.) and Mexico:  

1. First, the marine environment off the coast of California (U.S.) and Baja California 

(Mexico) is part of the California Current System, which is considered a single marine 

ecoregion (Horn et al., 2006). Throughout the California Current System, species maintain 

genetic connectivity and rely on critical habitats on both sides of the political border (Block 

et al., 2011; Paterson et al., 2015; Selkoe et al., 2007).  

2. Second, the government regulations of both countries recognize the potential contribution 

of marine population sources from the other country. The California Marine Life 

Management Act encourages regional approaches to marine management and pays 

particular attention to coordinated approaches to the management of shared fisheries (Leet 

et al., 2001). Mexico is a signatory to international agreements for cooperation in the 

management of shared resources, such as the Code of Conduct for Responsible Fisheries 

and the Mexus-Pacific Cooperative Agreement. The Baja California state fisheries 

management agency highlights the need for international cooperation for data access and 

stock assessment. 

3. Third, although the ocean is experiencing increasingly rapid changes that are consequently 

causing species to move to new locations, our management vision remains static (Miller 

and Munro, 2004; Pinsky et al., 2018). Asymmetry is thus not a steady-state issue, but 

rather a dynamic one that is exacerbated as the distribution of fishery stocks shift, the social 
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and economic situation of nations change, and environmental stressors become more 

erratic (Aburto-Oropeza et al., 2018; Cavole et al., 2016). 

 The border that divides California and Baja California is one of the most asymmetric and 

complex political borders in the world. Despite being strongly connected through history, culture, 

economy, and natural resources, the disparity between California and Baja California is evident. 

While California is the world’s fifth largest economy with a Gross Domestic Product (GDP) of 

US$3.2 trillion, Baja California’s GDP is <1% of that at just US $29 billion. Both countries have 

seen sharp rises in population over the past 100 years, but as of 2020, the population of California 

is 39.99 million people, whereas the population of Baja California is only 3.8 million (U.S. Census 

Bureau; Mexico National Institute of Statistics and Geography-INEGI). Population growth has 

increased pressure on local ecosystem services and signs of over-exploitation, such as overfishing, 

have been documented in the region (Erisman et al., 2011; Ganster, 2009; Shaw et al., 2011; 

Tegner & Dayton, 2000). 
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“Case Study 1” 

 

Asymmetry across political borders: research, management, and economic value of the 

critically endangered Giant Sea Bass (Stereoleopis gigas) 

 

 

 

ABSTRACT 

 

Asymmetry in the exploitation, knowledge, management, and economic value of 

transboundary fishery stocks can create a complex scenario for resource sustainability and 

undermine conservation efforts. The giant sea bass (GSB; Stereolepis gigas) is the largest coastal 

bony fish in California, United States (U.S.) and Baja California (Mexico) waters and a critically 

endangered species with immense cultural and ecological value. As a result of overfishing and 

subsequent declines in their populations, strong conservation regulations to protect GSB were 

imposed in the U.S. waters; regulations in Mexico remain almost non-existent. The collapse of 

GSB populations in California occurred before any effort to understand the basic biology of the 

species or its population size. And while there is an ongoing fishery in Mexican waters, research 

on this species is absent. This study analyzes how the asymmetry in knowledge and management 
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between the U.S. and Mexico may represent a challenge for the conservation and sustainability of 

this critically endangered species. Our work combines historical and contemporary GSB fishery 

data from the U.S. and Mexico to provide a broad perspective of this population and current 

conservation threats. Over the past two decades, and despite a fishery ban, an annual average of 3-

tons has been landed as a by-catch in the U.S. Meanwhile, GSB landings (2000-2016) in Mexico 

averaged 50 tons per year, a quarter of its average totals during the prior century. Based on 

Mexican landings and the average weight of landed fish, this represents an estimate of 2,120 

individuals harvested annually. Fish-market records show that the Mexican GSB fishery is 

significantly composed of immature individuals (48%). The observed differences in history of 

interventions and current population trends highlights the importance of the much-needed 

international cooperation to manage transboundary resources. 

 

 

 

INTRODUCTION 

 

In the marine environment, political borders divide fish populations and their critical 

habitats  (Block et al., 2011; Chabot, Hawk, & Allen, 2015; Selkoe, Vogel, & Gaines, 2007). These 

imaginary lines cause asymmetry in research, management, and conservation for otherwise well-

connected fish populations. Asymmetry in research across a political border can generate 

differences in a species knowledge and then impact the perception of the status of populations. 

Similarly, the asymmetric management of a fishery also impacts the economy derived from it, and 

the subsistence of its populations, but can also compromise neighboring populations. Coordinated 
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management of connected populations may allow for the replenishment of depleted stocks, 

improve population stability, and ultimately maintain genetic diversity (Paterson et al., 2015). 

Although it is reasonable to argue that effective management can be achieved through cooperation 

and symmetric management goals, benefits themselves are then often unequal (Ishimura et al., 

2013a). The asymmetry in the research and management of shared resources between nations can 

be driven by a variety of factors, including differing perceptions of the importance of a resource, 

economic and social disparity, and different management goals (Miller and Munro, 2004).  

Evidence suggest that cooperative management of shared fisheries marine stocks is 

necessary to achieve sustainability and reduce uncertainty in future stock predictions (Ishimura et 

al., 2013a; Pinsky et al., 2018). By some estimates, there may be as many as 1,500 "shared stocks" 

worldwide, with only a few being effectively and cooperatively managed (Caddy, 1997). The 

United Nations Convention on the Law of the Sea (UNCLOS) grants each country exclusive rights 

to set its own goals in the management and evaluation of resources within its exclusive economic 

zones (EEZs); therefore, in most cases these decisions are made without regard to neighbor states 

(UN, 1982). However, UNCLOS states that nations must ensure that the fisheries within their EEZ 

are not overexploited, and in the case of shared resources, nations must cooperate to establish 

adequate management measures (Pinsky et al., 2018). A growing body of literature provides tools 

for navigating the complexities of transboundary shared stock management (Miller and Munro, 

2004; Pinsky et al., 2018). The challenges we face in the management of shared resources have 

been known for a long time, and as climate change adds more potential stressors to fish stocks 

(Cavole et al., 2016; Pinsky et al., 2018), it is imperative that we take action. Lack of collaboration 

between countries results in an asymmetry in the management of marine resources that may not 

be successful in the long term, particularly in the context of climate change (Pinsky et al., 2018). 
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However, appropriate management of resources may offset the potentially negative effects of 

climate change (Free et al., 2020; Gaines et al., 2018). 

There are three common arguments for the importance of binational cooperation in the 

management of shared marine resources between the U.S. and Mexico: a) species and habitat 

connectivity (Romo-Curiel et al., 2016), b) government management regulations (Cisneros-

Montemayor et al., 2020; Munro, 2018), and c) climate uncertainty (Pinsky et al., 2018). First, the 

marine environment off the coast of California and Baja California is part of the California Current 

System, which is considered a single marine ecoregion (Horn et al., 2006). Throughout the 

California Current System, species maintain genetic connectivity and rely on critical habitats on 

both sides of the political border (Block et al., 2011; Paterson et al., 2015; Selkoe et al., 2007). 

Second, government regulations of both countries recognize the potential contribution of 

population sources in the other country. The California Marine Life Protection Act encourages 

regional approaches to marine management and pays particular attention to coordinated 

approaches to the management of shared fisheries (Leet et al., 2001). Mexico is a signatory to 

international agreements for cooperation in the management of shared resources, such as the Code 

of Conduct for Responsible Fisheries and the Mexus-Pacifico Cooperative Agreement. The Baja 

California state fisheries management agency (the State Fishery Inventory) highlights the need for 

international cooperation for data access and stock assessment (Baja California State Government, 

2017). Third, although the ocean is experiencing increasingly rapid changes that are consequently 

causing species to move to new locations, our management vision remains static (Miller and 

Munro, 2004; Pinsky et al., 2018). Asymmetry is thus not a steady-state issue, but rather a dynamic 

one that is exacerbated as the distribution of fishery stocks shift, the social and economic situation 
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of nations changes, and environmental stressors become more erratic (Aburto-Oropeza et al., 2018; 

Cavole et al., 2016). 

The border that divides California (U.S.) and Baja California (Mexico) is one of the most 

asymmetric and complex political borders in the world. California and Mexico are strongly 

connected through history, culture, economy, and natural resources. Despite this, there is an 

evident disparity. While California is the world’s fifth largest world economy with a Gross 

Domestic Product (GDP) of US$3.2 trillion, the Baja California GDP is <1% of that at just US$29 

billion. Both countries have seen sharp rises in population over the past 100 years, but as of 2020, 

the population of California is 39.99 million people, whereas the population of Baja California is 

3.8 million (U.S. Census Bureau; Mexico National Institute of Statistics and Geography-INEGI). 

Population growth has increased pressure on local ecosystem services, and signs of over-

exploitation, such as overfishing, have been documented in the region (Erisman et al., 2011; 

Ganster, 2009; Shaw et al., 2011; Tegner & Dayton, 2000). 

An emblematic case of asymmetry in the management of the marine resources between the 

U.S. and Mexico is the critically endangered giant sea bass (Stereolepis gigas, GSB), whose 

distribution ranges from Humboldt Bay in northern California to the Baja California peninsula and 

throughout the Gulf of California (Cornish, 2004; Love et al., 2005). The GSB is the largest coastal 

bony fish in the Northeastern Pacific, growing up to 2.7 m and is a keystone species with a cultural 

and economic relevance (Allen, 2017; Love, 2012). GSBs play an important function in structuring 

their ecosystems (Allen, 2017; Hawk and Allen, 2014; Pondella II et al., 2008). GSB holds the 

highest trophic level of all coastal, bony fishes in most of its geographic distribution range.  
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 Historically, GSB has been a valuable commercial and cultural resource on both sides of 

the U.S.-Mexico border. Before the collapse of its fishery in California, it was an important game 

fish that represented a significative economic resource (Domeier, 2001). In Mexico, GSB is still a 

traditionally important resource for commercial fishing communities, although there is little we 

know about its populations, its fishery, and there are no incentives to apply management strategies. 

This fish is also a charismatic and iconic species, as a recent study found that the economic value 

of recreational diving with GSB in California was US$2.3 million per year (Guerra et al., 2017). 

Despite shared cultural and economic importance, the management of GSB across the U.S.-

Mexico border is highly asymmetric. As a result of overfishing and a subsequent decline of the 

population, strong conservation regulations were imposed in the U.S. waters, whereas in Mexico 

regulations are almost non-existent (Allen, 2017; Domeier, 2001; Pondella & Allen, 2008). In 

1981, a ban on commercial and recreational fishing was passed in the U.S. (Allen, 2017; Domeier, 

2001; Pondella & Allen, 2008). This law granted the possibility of landing two GSB per trip to the 

U.S. commercial fishermen, and limited the U.S. capture in Mexican waters, allowing landings of 

up to 450 kg per trip and up to a maximum of 1,360 kg per year (CDFW 1981). This law was 

amended in 1988 to restrict to one fish per vessel if taken as bycatch and one fish per trip coming 

from Mexican waters. In 1990, the use of gillnets one nautical mile from the coast in southern 

California was banned. This regulation significantly reduced GSB bycatch in the southern 

California region (Pondella II et al., 2008).  

In Mexico, the only GSB-specific existing regulation is for the recreational fishery, which 

allows a limit of one GSB per fishing permit per day (DOF 2013). Currently, the commercial 

fishery of GSB has no species-specific regulation. The National Fisheries Inventory (Carta 

Nacional Pesquera), which is the public management tool issued by the Federal Government, 
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recommends not increasing the current fishing effort for any species under the category of “fin-

fish fishery,” a category that includes GSB (DOF 2012). However, GSB is not a targeted species 

by most of the Mexican fishermen cooperatives, the largest proportion of the catches are reported 

as bycatch of the white seabass and flatfish fishery. A very few fishers targeting GSB using hook-

and-line or bottom-longline in the southern region of the Baja California peninsula. In addition to 

the regulation of recreational fishing in Mexico, it is speculated that the measures imposed by the 

U.S. that limited the number of GSBs caught in Mexican waters and landed in California also 

increased the protection of populations south of the border (Pondella II et al., 2008). 

Thirty-eight years into the fishing ban in California, the U.S. stock continues to be well 

below historical levels (Baldwin and Keiser, 2008; Dayton et al., 1998; Ragen, 1990).  The most 

recent assessment of effective population size was estimated to be less than 500 individuals 

(Chabot et al., 2015). Based on the few things that we do know about GSB biology demonstrates 

that it is a very vulnerable species to overfishing: it has slow growth rates, a late age-at-maturity, 

large size, and aggregates to spawn (Dulvy et al., 2003; Sadovy et al., 2020, 2013). These life-

history traits may partially explain the slow population recovery despite several decades of 

protection. However, conservation efforts have generated some optimism in the recent recovery of 

California GSB populations. Signs of recovery include an increase in the number of larvae 

recorded over 15 years and an increased presence of GSB adults in fishery-independent surveys 

(House et al., 2016; Pondella II et al., 2008). However, the biomass calculated from the current 

populations in California still represents a much lower value than that existing before exploitation 

(Dayton and Maccall, 1990; Ragen, 1990). Two major conservation challenges exist: an 

incomplete knowledge of GSB life history, and a lack of understanding of how conservation 

measures imposed in the U.S. have impacted GSB populations in Mexican waters.  
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Nearly all that is known about GSBs life history and fishery comes from records and 

assessments of Californian populations (Allen, 2017; Baldwin and Keiser, 2008; Pondella II et al., 

2008). Yet, almost three-quarters of the GSB distribution range is in Mexican waters, where 

historical records of fishery landings (commercial and recreational) suggest that a more abundant 

population existed (Baldwin and Keiser, 2008). Here, we discuss how the asymmetry in knowledge 

and management may represent a challenge for the conservation and sustainability of this critically 

endangered species. We aim to analyze: (a) variation in GSB scientific knowledge across the U.S.-

Mexico border, (b) historical fishery trends of the U.S. fleet, (c) spatial patterns of the 

contemporary fishery from both the U.S. and Mexico, and (d) GSB population conservation threats 

across the U.S.-Mexico border. To address this, here we utilize historical fishery landings from the 

U.S. fleet, contemporary GSB landings in the U.S. and Mexico, and fishery-related biological 

monitoring data. This work represents the first joint analysis of the U.S.-Mexican GSB fishery, the 

first study to incorporate historical and contemporary perspectives of the GSB fishery, and the first 

study to our knowledge that addresses asymmetry in fishery management between the U.S. and 

Mexico.  

 

MATERIALS AND METHODS 

 

The study encompasses the entire geographic distribution of the GSB in the Northeastern 

Pacific, ranging from Humboldt Bay, California (U.S.) to the Baja California peninsula and the 

Gulf of California (Mexico). However, adults are primarily found south of Point Conception and 

north of Bahía Magdalena (Love et al., 2005). Our data span more than 14 degrees of latitude 
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(approximately 2,200 km) from Santa Cruz, California (37.6°N) to the southern range limit in the 

tip of the Baja California Peninsula (22.9°N), including the Gulf of California, Mexico.   

 

a) Asymmetry in knowledge and research 

To evaluate existing knowledge and research, we collected all existing literature using ISI 

Web of Science and Google Scholar, using the following five words as search terms: “Stereolepis 

gigas” (exact match), “giant sea bass”, “black sea bass”, “mero gigante” (exact match), and 

“pescara” (Table 1). The latter two words are the official common names in Spanish (Page et al., 

2013). In addition, we crosschecked the literature cited of all peer-reviewed articles focused on 

GSB. We downloaded all peer-reviewed papers for searches with up to 500 hits. We reviewed 

every downloaded paper to filter those that mention GSB as part of the references, or species list. 

The main topic of every paper, year of publication, and location of the populations studied were 

extracted from the papers. We summarize what is known about the GSB, its biology, and ecology, 

and include the reference to those papers. 

To evaluate conservation and research efforts in economic investment, we compiled an 

exhaustive list of institutions and organizations involved in GSB initiatives in the U.S. and Mexico 

(Table 2). These institutions and organizations included research groups in academic institutions, 

NGOs, government agencies, aquariums, and independent specialists. We inquired information on 

the following areas: project locations, total investments, and time frames. Per year values of 

economic investment in research and conservation were obtained by dividing the total investment 

per country by the number of years the projects ran.  

 

b) Asymmetry in Management 
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Historical fishery trends  

GSB fishery landings data were obtained from two sources; Data previous of 2000 was 

extracted from published literature, and data from 2000 to 2016 was obtained from government 

agencies. 1) Data from 1913 to 1999, from the U.S. fleet, both commercial and recreational, were 

extracted from graphs on reports of the California Department of Fish and Wildlife (CDFW) using 

the program GraphClick v.3.0.3 (Arizona-Software, 2010). We collated historical data from both 

the U.S. commercial and recreational fleet in both the U.S. and Mexican waters. Data from the 

commercial fishery were converted to metric tons, while the data from the recreational fishery 

were reported in individuals.  

2) Data from 2000-2016 was obtained from fishery government agencies. Mexican 

commercial fishery landings were obtained from the Mexican federal fishery agency 

(CONAPESCA, in its Spanish acronym). Commercial fishery landings in Mexico are obtained as 

fishing tickets, which includes catch site and date. The U.S. GSB fishery landings, both 

commercial and recreational, were obtained from the California Department Fish and Wildlife 

(CDFW). All GSB catches in the U.S. are recorded as bycatch, as fishers can report one GSB per 

fishery trip. All data were converted to metric tons and analyzed as the sum of annual catches. 

 

Fishery and biological monitoring 

 In March 2017 we established a biological monitoring program focused on obtaining data 

and samples from the GSB fishery in Mexican waters. We developed a collaborative network with 

fish markets, fisher cooperatives, NGOs, and government agencies. The monitoring program 

included fish-market surveys, records from fishing cooperatives, surveys in fishing communities, 

recreational fishery tournaments, fishery records shared over social media, and fishery-
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independent surveys. We developed a standardized species-specific protocol to obtain basic 

morphometric measurements and anatomical samples of GSB (Ramírez-Valdez et al., 2018). We 

measured total length (TL) (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg). The catch 

date, catch site, fishing gear, targeted species, and habitat were also recorded. One of the goals of 

this monitoring program was to describe the GSB catch composition in Mexican landings and the 

percentage of juvenile individuals of the total catch. The fish market surveys were carried out 

monthly from March to December 2017, afterward, we surveyed only after confirming the market 

had GSB. We measured every GSB in the fish market during our surveys, with the exception of a 

few cases when the total volume of GSB in the fish market exceeded 0.5 tons (typically more than 

40 individuals). Although there is not yet a conclusive evidence on length at first maturity, the 

literature suggests that GSB reach maturity at 11 years and approximately 800 mm TL (Hawk and 

Allen, 2014). 

We used the average tonnage of Mexican catches in the last 16 years and the average weight 

of the individuals evaluated in the biological monitoring to estimate the number of individual GSB 

removed each year in the Mexican fishery.  

 

 Spatial analysis of the fishery 

 GSB fishery landings from 2000-2016 used for the spatial analysis come from the fishery 

trends in the previous section. Landings data were associated with spatial data to the finest scale 

possible. In the case of the U.S., we use the 10 ´ 10-minute grid constructed by CDFW, and for 

Mexico, we use the coastal fishing concession areas (Fig. 1). For areas where the fishing 

concession area was not available, we used Google Earth to obtain geographic data of the catch 

site. The vertices of the 10 ´ 10 minutes grid and fishing concession areas were obtained and 
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digitalized in QGIS. We used the centroid of the polygons to visualize the catches. We used annual 

averages of the landings over the available data period (2000-2016) to identify the main 

contemporary GSB fishing grounds. We assumed each record in the database represented a 

separate a "fishing ticket," which we then used to evaluate relative catch-per-unit-effort and areas 

of higher capture frequency. The relationship between landings and fishing tickets were tested.    

 

c) Asymmetry in the economic value 

We estimate the consumption and non-consumption value of the GSB across the border 

between the U.S. and Mexico. The consumption value was obtained using the commercial fishery 

landings data obtained from government agencies CDFW (U.S.) and CONAPESCA (Mexico) 

from 2000 to 2016. We use the fishing tickets to obtain the weight of catch and the official market 

price by kg. The annual value was obtained from the sum of the price market and then an annual 

average of 2000-2016 was obtained. The GSB official market price in Mexico was exchanged to 

dollars considering the annual average exchange rate.  

The non-consumption value for the U.S. was obtained from the research published by 

Guerra et al. (2017). This work applied surveys to scuba divers who dive off the California coast 

and used the contingent valuation method to estimate the amount of money that divers are willing 

to pay for diving with GSB. A total of 265 scuba divers were interviewed in southern California 

from August to December 2015. The non-consumption value for Mexico was obtained from the 

total cost estimate of the only three expeditions that the authors are aware of have been organized 

to dive with GSB in Mexican waters. In Fall 2018, three expeditions of 9-14 scuba divers were 

organized to dive and photograph GSB in four sites of the Baja California peninsula, Mexico. We 
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interviewed the fishing cooperatives that supported the fieldwork, and organizers of those 

expeditions and obtain the total coast associated to those diving trips. 

 

RESULTS 

 

a) Asymmetry in knowledge and research 

Our systematic literature review identified a total of 49 scientific studies mentioning GSB, 

but only 26 included data on GSB populations (Table 1). From these 26 papers, 92% (n = 24) 

contained information on population status in California’s waters, only three included data from 

both sides of the U.S.-Mexico border, and only two studies had information for the Mexican side 

only, however, neither study focused primarily on GSB (Table 1).   

The literature reviewed revealed an increase in the number of publications on GSB since 

2009, with 85% of all the GSB peer-reviewed papers being published in the past 10 years, 

suggesting that we are only now starting to learn about this already-threatened species. GSBs 

populations are the central topic of 17 (65%) of the total literature considered in this analysis (n = 

26). Although the topics covered by this set of papers are diverse (e.g., age-growth analysis, genetic 

diversity, recruitment), research on the fishery and potential population sizes is notably absent. 

The only published literature on the history of the GSB fishery are technical reports from CDFW. 

 

b) Asymmetry in Management 

Historical fishery trends 

GSB fishery trends in the U.S, and Mexico show significant variability, with continuous peaks 

and dips since the first records of this fishery to the present day (Fig. 2). Historical evidence 
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indicates that commercial fishing of GSB in the U.S. began in 1870, while recreational fishing 

began in 1895. The fish were first targeted with set lines and hand lines (Status Fisheries Report 

2008). The history of the GSB fishery can be described in five clear periods, marked by 

development of the fishery and policy interventions; a) the development of the GSB fishery, b) the 

collapse of the fishery in the U.S. waters, c) the development of the GSB fishery in Mexican 

waters, d) the collapse of the U.S. landings from Mexican waters, and e) the contemporary fishery, 

from 2000-2016.   

In the first period (before 1923), represents the development of the GSB fishery in CA, 

where the U.S. fleet fished mostly in local waters, supplemented by a small portion of landings 

coming from Mexican waters. In the second period (from 1923 to 1931), the U.S. fleet increased 

landings from local waters until a maximum of 111 ton/yr in 1929, while the U.S. commercial 

landings from Mexican waters began rapidly increasing until catches from Mexican waters 

exceeded catches in the U.S. waters. During the third period (from 1932 to 1945), the U.S. fishery 

dramatically shifted to being entirely a foreign-waters fishery. The local landings from the U.S. 

fleet collapsed to virtually nothing and remained below 10 ton/yr for the following 20 years, while 

fleet landings in Mexican waters increased to 386 tons and averaged 220 tons annually during the 

entire period (Fig. 3). At the end of this period, a sharp decline in landings coming from Mexico 

was observed, apparently due to the U.S. entering World War II, an effect observed in most 

fisheries in California (i.e., white sea bass, Pacific halibut, Dungeness crab) (CDFW 2014). The 

absence of historical fishing statistics for the Mexican fleet does not allow us to know the exact 

volume of catches; however, we know that at this point GSB fishery by Mexican fleet was present 

to some degree, such that in 1933 the California Fisheries Yearbook mentioned: “a considerable 

part of the [GSB] catch consists of fish caught in Mexican waters”, “most of this amount is taken 
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by California fishermen off the west coast of Lower California, but a few pounds are caught by 

Mexicans in the Gulf of California and shipped to Los Angeles by refrigerated trucks as a side 

issue to the totoaba fishery.” (CDFW 1935). 

The fourth period (from 1946 to 1999) was marked by collapse of the U.S. commercial 

fishery in Mexican waters when catches fell from 152 tons in 1964 to 14 tons in 1972. This period 

also coincides with the development of the Mexican fishery in the Baja California Peninsula, in 

the late 1950s when the first fishing cooperatives were founded. Evidence suggests that following 

fast growth by the Mexican commercial fishery in Baja, a rapid decline was evident in grouper 

populations in the early 1960s (Saenz-Arroyo et al., 2005). Fishery landings for the Baja California 

Peninsula show that by 1980 the cluster “groupers and cabrillas”, which includes GSB, averaged 

400 ton per year (DOF 2014). In the 1990s catches increased to reach an average of 6,000 tons. 

The development of the recreational fishery by the U.S. fleet is notable during in this period (Fig. 

2B). The U.S. recreational fishery reached its maximum in local waters in 1963 (500 ind/yr) and 

seven years later collapsed (50 ind/yr); while in Mexican waters, this fishery increased over the 

same period, from 100 ind/yr in 1963 to 800 ind/yr in 1971 before declining in 1980 (Fig. 2B). In 

1982, the GSB fishery was entirely closed for the U.S. commercial fleet, which by then were 

recording <2 ton/yr in U.S. waters. In 1994 a ban for the use of gillnets was declared off the 

southern California coast (Fig. 2A). Thereafter, GSB landings in the U.S. waters were a result of 

bycatch. 

The fishery landings from the U.S. recreational fleet in local and Mexican waters shows a 

staggered pattern of decrease and increase (Fig. 3). First, the collapse of the GSB commercial 

fishery in the U.S. waters marked the rise in catches by the U.S. fleet in Mexican waters. More 

than 40 years later, the collapse of GSB fishery by the U.S. commercial fleet in Mexican waters 
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coincides with a marked increase in landings by the U.S. recreational fleet from south of the U.S.-

Mexico border. The first peak in the GSB landings by the U.S. recreational fishery was recorded 

in 1967 with more than 600 ind/yr; three years later, this fishery reached its maximum with 

approximately 770 ind/yr. The U.S. recreational fishery in Mexican waters continued fluctuating 

for the following 10 years, averaging 315 ind/yr. In 1982, both the fisheries collapsed. 

The fifth period corresponds to what we call here as the contemporary fishery (from 2000 

to 2016). This is the period where the fishery statistics begin by the Mexican government and also 

when some of the most important fisheries management regulations and policies began. 

 

 Spatial analysis of the fishery 

Records for the GSB Mexican commercial fishery landings began in 2000 (Fig. 4). Average 

landings were 50.9± 16.6 SD ton/yr during the period of 2000-2016 and represent a third of what 

the U.S. commercial fishery reported until the fishery collapsed in 1932. Landings by the Mexican 

commercial fleet showed two peaks, the first in 2010 reaching 78.8 ton/yr, the second in 2015 with 

102 ton/yr. However, overall, GSB catches in Mexico have never dropped below 33 tons/yr in the 

past 16 years. Fisheries landings parallel species distribution, and are widely distributed from 

Monterey Bay, CA, to the tip of the Baja California Peninsula and inside the Gulf of California. 

The highest landings were in the region south of Sebastian Viscaino (28.5°N), and north of Bahía 

Magdalena, Mexico (24.3°N). Isla de Cedros, Laguna de San Ignacio, San Juanico, and Bahía 

Magdalena are especially productive fishing grounds that collectively average more than 4 ton/yr. 

The highest landings in the Gulf of California occur in the northern region, although Santa Rosalia, 

in the central region, has reported more GSB catches (“fishing tickets”) over time. In the U.S., 

landings have been concentrated near San Diego, Dana Point, San Pedro, and Santa Barbara, 
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California, though the Channel Islands and the U.S.-Mexico border also have a high number of 

landings. 

Over 36 months (2017-2020) of monitoring, we accumulated 209 records of individual 

organisms being caught: 112 came from fish market surveys, 53 from fishing cooperatives, 9 from 

fishing tournaments, and 35 from other sources (e.g. social media records, fish collections, fishery-

independent surveys) (Table 2, Fig. 5). Total lengths observed spanned the maximum size 

distribution for the species, and fish were captured using all known fishing methods. Records cover 

most of the distribution range of this species in Mexican waters, with a higher proportion of records 

from the region with higher landings in Mexico (Fig. 4). 74% of the records come from surveys in 

fish markets from Ensenada and Tijuana, Mexico. Those markets are the main sale centers for all 

fisheries in the Baja California Peninsula. GSB sold in these markets are brought from numerous 

fishing grounds in the region. The records from fishing cooperatives and fishing tournaments 

represent a lower percentage (36%); however, they represent valuable information as individuals 

are typically larger and fishers reported precise geographic information on the site of capture. The 

size distribution showed a normal distribution, from 300-2000 mm TL mm (Figure 5, Table 2).; 

48.4% of the records were <800 mm TL, indicating a large number of potential juveniles. The 

average weight of individuals was 25 kg. 

Using the average tonnage of catches (50 ± 35 SD ton/yr) and the average weight of 

individuals (25 kg), We calculate that the number of individuals removed annually by the Mexican 

fishery could be approximately 2080 ind/yr. Additionally, some 90 individuals may come from 

the 3 ± 21 SD Ton/yr result of by-catch in the U.S. waters. must still be added to obtain the total 

GSB removed yearly. 
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DISCUSSION 

 

Our research reveals a broad asymmetry in the scientific knowledge, research, 

management, and economic value of giant sea bass (GSB) across the U.S.-Mexico political border 

(Fig. 8). This asymmetry generates a complex scenario for fishery management and hinders 

conservation efforts. We argue that the broad differences in current scientific knowledge and 

management may be the main barrier to achieving a sustainable fishery in the U.S., and in this 

case, the population recovery of an endangered species. The management of shared fishery stocks 

can be complex and a matter of international controversy (e.g. cod war between England and 

Iceland, the lobster war between France and Brazil) yet, little progress in developing strategies that 

provide long-term certainty have been made (Bowett, 1968; Mirvahabi, 1978; Steinsson, 2016). 

Shared fishery stocks are more prone to overexploitation compared to solely-owned stocks as they 

experience additional complexity in their management, and a lack of cooperation that can lead to 

a version of the “tragedy of the commons” between nations (McWhinnie, 2009). Asymmetry in 

resource management across political borders should not be seen as a barrier to binational 

cooperation but should be considered in the development of fishery policies. 

This work represents the first synthesis of knowledge of the GSB fishery across the U.S.-

Mexico border, the first to analyze existing historical fishery data and the contemporary landings, 

and the first effort to discuss the asymmetry in fishery management between the U.S. and Mexico. 

For a long time, the need to analyze the historical landings, and to lead efforts to interpret landings 

trends was perceived as unnecessary, because the U.S. GSB fishery was closed 38 years ago, and 

populations were depleted in local waters 88 years ago. In Mexico, despite the fact that there is an 

ongoing fishery, the fisheries sector and the government assign little relevance to this resource as 
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it is not a target fishery. These may be the same reasons why the U.S. and Mexico governments 

have shown little interest in addressing this shared resource cooperatively, analyzing 

transboundary catch trends, or unifying the general public perception of the status of this species. 

 

a) Asymmetry in knowledge and research 

In this study, we found that extremely strong asymmetry exists in scientific knowledge, 

economic input, and conservation initiatives across the U.S.-Mexico border; that political 

regulations not only hid historical population collapses but also created the illusion of false ones. 

Asymmetry in the scientific knowledge may impact the perception of the health of the GSB 

population for fishers and fishery managers by having incomplete information or data and hinder 

the willingness to cooperate in transboundary science-based management (Miller and Munro, 

2002; Munro, 2018; Vosooghi, 2019). Despite the fact that more than 70% of the GSB geographic 

distribution is south of the U.S.-Mexico border, there are up to 5x more scientific papers on the 

U.S. populations. Finding this difference in knowledge in this political border region with marked 

socioeconomic differences may not be surprising. These differences in knowledge are not 

exclusive of GSB, and have been observed for other species of fishes (Ishimura et al., 2013b). 

However, here we show that developing scientific knowledge of shared natural resources appears 

to be limited by the political border, as we found only three peer-reviewed papers include data on 

populations on both sides of the U.S.-Mexico border. The scientific community has highlighted 

the need for a transboundary perspective when developing research and management of natural 

resources, yet many political and administrative barriers to achieving this goal persist, which may 

explain the scarce number of papers with that approach (Aburto-Oropeza et al., 2018). One of the 

first challenges would be to generate synergy to discuss and address cross-border issues between 
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government agencies, within countries and between countries, the U.S., and Mexico. Government 

fishery agencies, together with other government agencies (i.e., Tourism, Economy), agencies 

should create working groups to coordinate data sharing, launch collaborative programs, and in 

general, address cross-border issues in coordination. These working groups would not only 

facilitate the identification of priority topics, but homogenization of management regulations, 

granting research permits, and promoting economic activities. Governments should support 

programs to incentivize cross-border research, generate capacity building, offer technical training, 

and support the creation of specialists on transborder resources management. 

 

b) Asymmetry in the management 

Our analysis of the historical landings of the GSB reveals a new narrative in the history of 

this fishery, showing that the collapse of the GSB populations in the U.S. waters occurred much 

earlier than previously thought, and that the decline of GSB landings by the U.S. fleet in Mexican 

waters may be the result of binational regulation of the commercial fishery rather than a population 

collapse. 

The U.S. fleet fishery landings in Mexican waters masked the reality of the collapse of 

populations north of the border for over 40 years (Fig. 2A). Only in 1981 was the moratorium of 

the GSB fishery made official, 50 years after the fishery collapsed in local the U.S. waters. The 

reason for postponing the regulation of this fishery is uncertain; however, it is fair to argue that 

ban fishing in the U.S. waters long before could have made it difficult the regulate the fishery 

landings coming from Mexican waters, and possible, also the negotiations with Mexico to continue 

fishing in its waters. 
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The apparent collapse of GSB landings south of the border in 1972 may be an effect of a 

binational treaty on fisheries management. In 1967, and previous to Mexico EEZ declaration, both 

countries, the U.S. and Mexico, signed an agreement in which they recognized their exclusive 

jurisdiction for fishing purposes of their territorial sea (International Legal Materials, 1968). Under 

this agreement, the U.S. was granted a period of five years to fish GSB (and many other species) 

in Mexican waters up to a total volume that could not exceed the Mexican fleet catch of that 

species. The end of the granted period coincides with the “collapse” of the U.S. GSB fishery in 

Mexican waters in 1972. However, these regulations focused exclusively on the commercial 

fishery, which explains why high catches of Mexican fish in the U.S. recreational fishery 

continued. In 1976, Mexico officially declared its EEZ, which regulated both commercial and 

recreation fishing fleets from foreign countries.  

Contemporary fishing landings (2000-2016) show the asymmetry in the current 

management of this species across the political border. Combined fishery landings in Mexico 

represent less than 12% of the historic peak of 450 tons recorded by the U.S. fleet prior to its 

collapse in 1932. Our contemporary fishery landings analysis highlights three major findings: a) 

high annual variability in catches, b) location of main fishing grounds in southern Baja California, 

and c) the population size of this species across its entire distribution range is likely higher than 

previously thought.  

The fluctuation of the Mexican commercial fishery annual catches is similar to historical 

trends, and also is similar to what has been reported for other long-lived and aggregate spawning 

fish (Erisman et al., 2010; Sadovy de Mitcheson et al., 2013). In general, fishery landings 

fluctuations may be the result of the natural variability of the population due to changes in 

predation and recruitment, climatic variability, and/or changes in fishing effort (Roughgarden and 
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Smith, 1996). Since 2005, the fishing concessions and commercial fishery permits in the region 

have remained steady, as has the number of boats that each operates; however, they can increase 

the number of fishing trips (SEPESCA, 2018). Our analysis shows that the fluctuation in the 

contemporary landings of the Mexican commercial fleet is highly correlated to the fishing effort 

(fishing tickets). Also, an increase in GSB fishing effort is correlated to a decrease in fishing 

production from other higher-valuable fishing resources (i.e. lobster, sea urchin). Although the 

GSB is not a target fishery in most of the Baja California Peninsula fishing grounds, members of 

fishing cooperatives with permits for a variety of species could shift to fishing GSB when other 

resources decline. The largest proportion of GSB landings is reported in summer, during the finfish 

fishery season (i.e. white seabass, flatfish) which also coincides with the seasonal ban of the 

highest value fisheries in the region (i.e. lobster, abalone, sea urchin) (SEPESCA, 2018). The 

fishing pressure upon GSB populations may increase as a result of the decline of other fisheries as 

it is considered an alternative resource.       

 

Contemporary landings clearly show the asymmetry in the current management of the GSB 

fishery, averaging 53 tons per year, where 94% comes from Mexican waters. Some of the most 

productive fishing grounds (i.e., Vizcaíno, Isla Cedros, Punta Abreojos, Bahia Tortugas, Ojo de 

Liebre) have average catches of up to 6 tons per year, and their high productivity is also observed 

in other fisheries (i.e., lobster, abalone, barred sand bass, yellowtail) (Micheli et al., 2014; 

Nishigaki et al., 2014). In the 1970s, the U.S. recreational fishing fleet recorded fishing trips to 

these same fishing grounds caught on average 70-100 individuals consistently, sometimes up to 

255 individuals on a three-day trip (Domeier, 2001). Contemporary catches extend throughout the 
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geographic distribution range reported for the GSB, ruling out that entire populations have been 

extirpated as a result of overfishing. 

Our analysis from biological monitoring in the Mexican fleet allows us to estimate that the 

GSB population size could be larger than we previously thought. The total catch from the U.S. and 

Mexican waters combined of more than 53 tons per year could represent up to 2,120 GSB 

individuals per year. Considering that up to 48.4% of the GSB sampled by the Mexican 

commercial fishery are juvenile individuals, the adults removed annually could be up to 1,026 

individuals. Chabot, Hawk, & Allen, (2015) estimated the effective population size of 500 GSB 

including samples from California and Mexico, adding that this could be approximately 10% of 

the census population size. Fish species with the characteristics of GSB (i.e., long lifespans, long 

generation times, and lower fecundity), the ratio between the effective population size and the 

census population size could be lower (e.g., the census population is closer to the estimated 

effective population size).  Low effective population sizes may be the result of small total 

population size, strongly fluctuating population sizes, the existence of a bottleneck process in the 

population, unequal sex ratio, and variance in family size (Shrimpton and Heath, 2003). Several 

of them could be plausible scenarios in the GSB population. Therefore, it is necessary to 

incorporate more population parameters to obtain a better estimate of the population size for this 

species. 

 

c) Binational cooperation and thinking ahead 

We see with concern that most of the scientific work that addresses shared fish stocks 

coincide in pointing out that binational cooperation in research and species management is the 

only long-term promising strategy. Since 1970s studies have pointed out the need for a transborder 



 

 85 

perspective in management, and since then numerous studies have added study cases and scenarios 

(Munro, 2018). Some success stories can provide a framework, such as the Pacific sardine, where 

the key has been multilateral agreements signed between the U.S. and Mexico (Cisneros-

Montemayor et al., 2020). However, transboundary management has not occurred for GSB, nor 

for most other fishery species, including lobster, abalone, sharks, and white seabass fisheries (Holts 

et al., 1998; Munguia-Vega et al., 2014; Romo-Curiel et al., 2016). The lack of cooperation appears 

to be driven by uneven knowledge and research and the economic and cultural dominance of the 

U.S.  (Miller and Munro, 2004). Although there is a long list of attempts towards transboundary 

management attempts in natural resources between Mexico and the U.S., there are just a few 

success stories. To be successful, both parties involved must benefit economically as a result of 

the cooperation. Unlike tuna or sardine, CDFW and CONAPESCA do not place the same priority 

on GSB. Compared with other species, the economic value of the GSB is negligible.  Despite the 

scientific evidence and popular knowledge of the large economy associated with GSB tourism, the 

disconnect between government agencies (i.e., fishery and tourism agencies) makes it difficult for 

further international cooperation to promote a shift in resource use.  

The information provided by this study may open the opportunity to discuss binational 

agreements in the management of this (and other) marine resource. The current vision in the 

fisheries of share stocks on responsible management within the EEZ has proven to be insufficient. 

In most cases, the tragedy of the commons is apparent (McWhinnie, 2009). This adverse scenario 

will be exacerbated as fish stocks shift as a consequence of climate change and the graduate 

tropicalization of temperate ocean systems (Lluch Cota et al., 2017; Vergés et al., 2014). A possible 

future scenario could see both countries with an equal proportion of the GSB population. However, 

sustainable stocks in this scenario will not be likely without setting the foundations for binational 
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management. It is in the best interests of both parties to recover the population of the GSB, not 

only from the fishing point of view but for its ecological role and cultural value. 
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TABLES

 

 

Table	2.1.1.	Scientific	knowledge	on	GSB	in	peer-reviewed	papers.	WS= ISI Web of Science; GS= 
Google Scholar. GSB-listed= Papers that mention GSB. GSB-centric Paper= Papers that are 
focused on GSB. 

Key-words Search 
Engine Hits GSB-listed Cummulative 

"Stereolepis gigas" WS 14 14 14 
GS 420 47 47 

giant sea bass WS 14 14 47 
GS 386 22 48 

black sea bass WS 189 1 49 
GS 5230 0  

"mero gigante" WS 0 0  
GS 36 0  

pescara WS 278 0  
GS 58,500 0  

Total Cummulative Papers      49 
GSB-centric Paper       18 
GSB-centric Paper - Data California (only)  15 
GSB-centric Paper - Data Mexico (only)  0 
GSB-centric Paper - Data U.S. and Mexico   3 

 

 

 

 

 

Table 2.1.2. Economic investment on GSB research and conservation.   
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Table 2.1.3. GSB Weight and Length resulting from the biological monitoring program. 

Location N Weight (kg) Total length (cm) 
Average (min-max) Average (min-max) 

Fish Market Ensenada 61 32.01 95.22 
Fish Market Tijuana 51 10.62 71.39 

Guerrero Negro (BCS, Mx) 56 33.8 (1—170) 100.6 (42—197) 
Laguna San Ignacio (BCS, Mx) 37 9.9 (1—117) 76.1 (3—195) 
Las Barrancas (BCS, Mx) 23 36.1 (12—90) 119.0 (84—177) 
El Rosario (BC, Mx) 16 44.4 (3—280) 83.8 (60—131) 
Bahía Tortugas (BCS, Mx) 15 4.0 (0.4—18) 53.5 (31—83) 
Laguna Manuela (BCS, Mx) 11 97.0 (6—192) 137.9 (65—220) 
Bahia Magdalena (BCS, Mx) 8 95.0 (37—210) 169.3 (138—251) 
Bahia de los Angeles (BC, Mx) 6 56.7 (9.2—140) 93.5 (77—110) 
Erendira (BC, Mx) 5 2.9 (1.7—6.9) 54.2 (45—76) 
San Juanico (BCS, Mx) 4 44.2 (4.6—160) 73.6 (71—76) 
La Jolla (CA, US) 3 - 114 (77—148) 
Popotla (BC, Mx) 3 46.0 (33—60) - 
Punta Abreojos (BCS, Mx) 3 40.3 (4.9—68) 105.0 (69—141) 
San Felipe (BC, Mx) 3 45.0 (33.6—67) 122.0 
Isla Natividad (BCS, Mx) 2 29.5 120.0 
Islas Coronado (BC, Mx) 2 50.0 (45—55) - 
San Luis Gonzaga (BC, Mx) 2 17.0 (14.2—19.9) - 
Other 10 74.4 (10—180) 133.6 (35—230) 

 
 

 

 



 

 96 

 

FIGURES 

 

 

Figure 2.1.1. Study area and the spatial management of the fishery in both geographic 
regions; 10 ´ 10-minute grid blocks by California Department Fish and Wildlife (U.S.) and 
fishery concession areas by Mexican Fisheries Management Agency-CONAPESCA 
(Mexico). 
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Figure 2.1.2. Historic and contemporary fishery landings of Giant Sea Bass in the U.S. and 
Mexico show strong variability over time. Historical data on commercial catches shows that 
population collapse in the U.S. waters occurred in the 1930s, much earlier than previously 
thought (A). Recreational catches in Mexican waters showed a peak after the apparent 
collapse of the commercial fishery occurred (B). Additionally, contemporary catches in 
Mexico have remained remarkably consistent, averaging 50.9 ton/yr.  
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Figure 2.1.3. Commercial and recreational fishery landings of Giant Sea Bass from the U.S. 
fleet. A) U.S. commercial fishery in U.S. waters, B) U.S. commercial fishery in Mexican 
waters, and C) U.S. recreational fishery in Mexican waters. EEZ= Enforcement of Economic 
Exclusive Zones started in 1972 in both, the U.S. and Mexico. Data source: U.S.: CDFW 
(2001) and CDFW dataset (2000-2017). Despite the perceived collapse of Mexican GSB 
populations in 1972, the U.S. recreational catches from Mexican waters indicate that political 
legislation (rather than population collapse) was truly limiting catches before 1980. Data 
source: U.S.: CDFW (2001) and CDFW dataset (2000-2017). Mexico: CONAPESCA dataset 
(2000-2017). 
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Figure 2.1.4. Spatial representation of the contemporary 2000-2016 annual average fishery 
landings of giant sea bass from the U.S. and Mexico commercial fleets shows much higher 
landings in Mexico. A) Fishery landings in the entire GSB distribution range; B) Fishery 
landings in the U.S. region. Number of events (tickets) represents the times that GSB has 
been caught in a specific fishing ground. Data source: Mexico = CONAPESCA-SEPESCA 
official landings; U.S.= CDFW fishery Landings.  
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Figure 2.1.5. The GSB fishery monitoring program sample a wide geographic range of sites 
along the Baja California Peninsula (Mexico) and California (U.S.) using a diverse set of 
sources. N observation = number of samples from each location.  
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Figure 2.1.6. Total length of 157 samples of giant sea bass sampled through the fishery 
monitoring program. 48.4% of samples were shorter than 800 mm TL, indicating that many 
individuals may be juveniles (after Hawk & Allen, 2014). 
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Figure 2.1.7. GSB weight distribution by catch site resulted from the Mexican fishery 
monitoring program.  
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Figure 2.1.8. Management of the GSB across the U.S.-Mexico border is highly asymmetric. 
Despite little economic or scientific input in Mexico, fishery catches, and revenue remains 
high. This trend is reversed in the United States. GSB ecotourism revenues after (Guerra 
et al., 2017). 

 

 

United States Mexico

GSB scientific knowledge

18 12 6 0 6 12 18
Peer−reviewed papers

GSB fishery production

52 34 17 0 17 34 52
Average tons/yr (2000−2016)

GSB fishery sales

280,000 190,000 94,000 0 94,000 190,000 280,000
USD/yr

GSB conservation/research effort

92,000 61,000 31,000 0 31,000 61,000 92,000
USD/yr

GSB ecotourism revenue*

2,300,000 1,500,000 770,000 0 770,000 1,500,000 2,300,000
USD/yr

GSB fishery closure time

38 25 13 0 13 25 38
Years
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ABSTRACT 

 

Kelp forests are ecosystems prevalent in temperate shallow rocky reefs that provide 

ecosystem services to humans. On the Pacific coast of North America, iconic giant kelp 

forests are a shared ecosystem distributed across Mexico and the United States (U.S.) 

border and which connects species’ populations and sustains diverse marine communities. 

However, current trends show that coastal towns and cities will continue to grow in the 

region, increasing the anthropogenic pressures on kelp forests. Furthermore, there is no 

robust estimation of the economic impact nor the habitat loss and subsequent loss of 

biological diversity caused by the increasing anthropogenic impacts. By using remote 

sensor technology with Landsat satellite images, we obtained the kelp forest cover and 

analyzed its temporal trends within Fishing Management Areas (FMA) that we associated 

with information on the fishery landings of species that rely on this ecosystem. Giant kelp 

cover showed a decrease in El Niño events and an increase during La Niña. The cover 

decrease related to warm waters is more prolonged and severe at the southern limit of its 

distribution. We found a positive correlation between kelp cover and fisheries landing for 

species such as lobster, sea urchin, and abalone. We also found a non-significant positive 

relationship for giant sea bass and California sheephead fisheries. The economic value of 

the kelp forest ecosystem by area coverage was up to 20 times higher in Mexico (US$6 

million Km²/yr) than in California (US$250,000 yr), based on the total fisheries value. The 

abalone fishery has the highest economic value (US$5.3 million yr), while the red sea 

urchin fishery has a better economic value per kelp coverage ratio (US$290,000 Km²/yr). 
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This represents the first effort to assess the economic value of the kelp forest ecosystem 

throughout its distribution in the Northeastern Pacific and proposes a binational perspective 

on the understanding and management of the marine resources. 

 

 

INTRODUCTION 

 

Marine ecosystem services are seriously undervalued, resulting in a general under-

investment in conservation and many lost opportunities for economic growth and poverty 

reduction (Costanza et al., 1997; Lange and Jiddawi, 2009). Economic valuation provides 

a powerful tool for sustainable development by showing how dependent economy really is 

on an ecosystem, and by illustrating what could be the social impact if the ecosystem 

service it is not protected (Beaumont et al., 2008). Paradoxically, direct users and policy-

makers, who appreciate consumptive uses the most, have historically undervalued these 

ecosystems. Although consumptive uses represent only a small proportion of an 

ecosystems’ total value, economic data generated by these uses are the most frequent type 

of data available to valuate ecosystem services. 

Kelp forests are an ecosystem that provides a wide range of services for human 

populations including: food and natural products, recreational and commercial fisheries, 

ecotourism opportunities, cultural value, nutrient cycling, and the resilience of marine and 

coastal ecosystems (Pendleton and Rooke, 2010; Tegner and Dayton, 2000a; Wilmers et 

al., 2012). Although poorly valuated to date, these services nevertheless are vital to human 

welfare. Among these ecosystem services, those of direct use such as commercial fisheries, 
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represent an important economic and social component. General estimations highlight that 

compared with other ecosystems, kelp forest ecosystem services rank among the highest in 

economic value (Costanza et al., 1997). Among these ecosystem services, those of direct 

use such as commercial fisheries, represent an important economic and social component.  

On the Northeastern Pacific coast, the forests formed by giant kelp (Macrocystis 

pyrifera) are the most biodiverse and productive marine ecosystems that provide food, 

create habitat, and sustain trophic webs (Dayton, 1985; Schiel and Foster, 2015). Species 

part of these kelp forests’ trophic webs are among those that represent an important fishing 

value and support the economy of many coastal towns and cities across two nations, the 

United States (U.S.) and Mexico. The kelp forest ecosystems in this region have 

experienced two very different histories in their fisheries management; along the coast of 

California (U.S.), a long history of fishing pressure and later collapse of economically 

important fisheries (Tegner and Dayton 2000), early efforts of spatial fishery management, 

and more recently the implementation of marine reserves networks (Marine Life Protection 

Act). Contrastingly, the kelp forests off the coast of the Baja California Peninsula (Mexico), 

have experience more recent fishing pressure and efforts to improve fishery management, 

yet are still without marine protected areas. In general, fishing is an important economic 

activity through the distribution of the kelp forest across the U.S.-Mexico border. For 

instance, California commercial and recreational fishery generated approximately US$24.9 

billion in sales and more than 142,000 direct and indirect jobs in 2016 (NOAA, 2016). 

While ex-vessel revenues for the commercial fishery in the Baja California Peninsula 

region (Baja California and Baja California Sur), generated approximately US$228 million 

and more than 8,000 direct jobs in 2016 (CONAPESCA 2018, SEPESCA 2016). These 
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economic benefits support an important social structure in the region beyond sales and 

direct jobs; this economy impacts tourism, food industry, and has roots in the local 

communities of both countries. 

There are several important commercial and recreational fisheries of species of 

invertebrates throughout this region that support social well-being and are part of the 

ecosystem services that giant kelp forest provide, such as abalone (Haliotis spp.), spiny 

lobster (Panulirus interruptus) and sea urchins (Strongylocentrotus purpuratus and 

Mesocentrotus franciscanus), as well as fish such as giant sea bass (Stereolepis gigas) and 

California sheephead (Semicossiphus pulcher). (Love et al., 1998; Schroeder and Love, 

2002). The spiny lobster, red sea urchin, and purple sea urchin represent a good example 

of the asymmetry in management and economics associated with their fishery across the 

U.S.-Mexico border (Fig. 1). These shared stocks are being fished with comparable 

techniques; however, the associated catch and the economy are significantly different.     

Despite the ecological and economic importance of the giant kelp forest ecosystem, 

there has only been a limited focus of conservation efforts across its distribution in both 

the U.S. and Mexico. Although there is information on some of the ecosystem services that 

kelp forests provide to humans in the region, as far as we know, there is not published 

information that integrates these ecosystem services and relates them to kelp forest cover. 

An effort to study this ecosystem from a binational perspective is also absent, which would 

make ecological and economic sense, as it encompasses its entire distribution and both 

countries share the majority of economically important species. In ecosystems shared 

between nations, such as kelp forest, the actions taken by one nation invariably affect the 

other.  
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Ecosystem services valuation represents a powerful tool for decision-making based 

on the economic value of marine resources, allowing to identify opportunities to improve 

marine management and sustainable development. Here we estimate the economic value 

of the giant kelp forest ecosystems across the entire geographic distribution in the 

Northeastern Pacific, based on some of the most important fisheries in the region. To test 

the hypothesis that the kelp cover has a direct bearing on the production of commercially 

important fisheries, we evaluated the giant kelp cover inside Fishery Management Areas 

(FMA) that span all the geographic distribution of the giant kelp and compared it with the 

fisheries production within those FMA. Overall, an economic valuation will contribute to 

better-informed decision-making to protect these ecosystems. 

 

MATERIAL AND METHODS 

 Study area 

Giant kelp (Macrocystis pyrifera) distribution range in the Northeastern Pacific 

extends from Sitka, Alaska (U.S.) to south of Punta Eugenia, Baja California Sur (Mexico), 

however, well-defined submerge forests can only be found south of Santa Cruz, California  

(Cavanaugh et al., 2019; Macaya and Zuccarello, 2010; Schiel and Foster, 2015). This 

study spans the whole distribution of submerged giant kelp forests, which encompass more 

than 10 degrees of latitude (approximately 1,600 km), from Seal Rock, Santa Cruz (U.S.) 

(36.5º N) to the southern range limit near Bahía Asunción, Baja California Sur (Mexico) 

(27.1º N). Giant kelp in the west coast of North America occurs primarily on shallow rocky 

reefs (5-25 meters) that are distributed in patches. 

The main oceanographic driver in this region is the California Current System 
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(CCS), which is one of the five most productive marine ecosystems on the planet (Checkley 

and Barth, 2009; McClatchie, 2014). The high productivity of the CCS is mainly attributed 

to Equator-ward transport of temperate waters, as well as favorable winds for coastal 

upwelling, which together generate an offshore transport of surface waters and advection 

of relatively cold and nutrient-rich waters to the surface (Checkley and Barth, 2009). 

 

a) Spatial approach 

We used 182 Fishery Management Areas (FMA) along the study area (Fig. 1; Table 

2). The FMA are polygons representing ocean habitat used by the U.S. and Mexico fishery 

government agencies to spatially manage marine fisheries. The Mexico’s FMA are 81 

“commercial fishing concessions polygons” granted to fishermen cooperatives by 

CONAPESCA (The National Commission for Fisheries and Aquaculture). The Mexican 

FMA essentially function as Territorial Use Rights for Fisheries (TURFs) for fishers from 

coastal communities. In the case of the U.S., the FMAs are 10 ´ 10-minute grid blocks 

established back in the 1930s by the California Department Fish and Wildlife (CDFW). 

These 10 ´ 10-minute grid blocks extend throughout California coast within the Economic 

Exclusive Zone of the U.S. and are used for spatial management of all fisheries. We 

integrated all FMA in a Geographic Information System (GIS) using ArcGIS v10.8 to 

facilitate spatial analysis. In the case of Mexico, 74 fishing concessions granted to species 

that rely on the giant kelp forests were used. For the U.S., we filtered 101 out of 554 10 ´ 

10-minute grid blocks that were within a 30-meter-deep bathymetry layer along the coast 

from the U.S.-Mexico border to Santa Cruz, California and the Channel Islands.  
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b) Kelp cover 

Giant kelp (Macrocystis pyrifera) forest cover (km2) within all 182 FMA was 

estimated using high-resolution satellite imagery. We used images of the Landsat 5 

Thematic Mapper sensor with 30 m spatial resolution nearly continuously from 2000 to 

2017. The satellite image processing followed the same methodology used for the 

terrestrial vegetation as the spectral signature of a giant-kelp canopy is similar to that of 

photosynthetically active terrestrial vegetation (Fig. 3) (Cavanaugh et al., 2010; Jensen et 

al., 1980).  Landsat 5 Thematic Mapper obtains data in 7 spectral bands: blue (450 to 520 

nm), green (520 to 600 nm), red (630 to 690 nm), near-infrared (760 to 900 nm), short-

wave infrared (1500 to 1750 and 2080 to 2350 nm), and longwave (thermal) infrared 

(10400 to 12500 nm) (Cavanaugh et al., 2011). The kelp near-infrared (Band 4) radiance 

signal, while elevated compared to that of water, spans only the lowest ~40 brightness 

values detectable by Landsat 5 Thematic Mapper. Each of the Landsat scenes covers an 

area 170 × 180 km, so multiple scenes were used to cover the entire study region (Fig. 1). 

During preprocessing, Landsat images were geometrically corrected using ground control 

points and a digital elevation model to achieve a scene-to-scene registration accuracy <7.3 

m (Lee et al. 2004). We were able to discriminate zero values due to the absence of kelp 

from zero due to satellite image reading errors (i.e. clouds, wind). We developed an 

automated classification and quantification process in order to consistently and efficiently 

transform the Landsat 5 Thematic Mapper images into maps of kelp canopy cover. A 

detailed method of procedure and image calibration is described in Cavanaugh, Siegel, 

Reed, & Dennison, (2011) and Bell, Cavanaugh, Reed, & Siegel (2015). 

We obtained annual average kelp cover values for each FMA from seasonal values. 



 

 112 

FMA with values of zero in the entire data series were eliminated, assuming the non-

existence of the specific giant kelp habitat. 

 

c) Fishery landings and revenues 

Commercial fishery landings datasets from 2008 to 2017 were obtained from 

fishery government agencies for three commercially important invertebrate species that 

rely on the kelp forest ecosystem; spiny lobster (Panulirus interruptus), red sea urchin 

(Mesocentrotus franciscanus), and purple sea urchin (Strongylocentrotus purpuratus). In 

addition, two fish species, California sheephead (Semicossyphus pulcher), and giant sea 

bass (Stereolepis gigas), and the abalone's species-complex were included in the analysis, 

all of whom are important in the maintenance of the kelp forest ecosystem trophic web and 

with asymmetric fisheries management across the U.S.-Mexico border. Mexican 

commercial fishery landings were obtained from the Mexican federal fishery agency 

CONAPESCA. The U.S. commercial fishery landings were obtained from the California 

Department of Fish and Wildlife (CDFW). In both cases, the U.S. and Mexico fishery 

landings were obtained from fishing tickets, which include species, catch site FMA-

associated, and date.  

Fishery landings were analyzed independently by species, and annual Fishery 

Production was obtained by dividing annual fishery landings (kilograms) by the area within 

the FMA (square-km): 

𝐹𝑖𝑠ℎ𝑒𝑟𝑦	𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 	
𝐹𝑖𝑠ℎ𝑒𝑟𝑦	𝑙𝑎𝑛𝑑𝑖𝑛𝑔𝑠	(𝐾𝑔)

𝐹𝑀𝐴	(𝐾𝑚!)  

 

We obtained the economic revenues for each fishery using the official price for 
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each species reported by government agencies. For the U.S., the revenues for each fishery 

were calculated with the average annual market price per pound (converted to kg) reported 

by the CDFW and were corrected for inflation to 2018 by using the Consumer Price Index 

(World Bank). In the case of Mexico, we used the same market prices reported by the 

CDFW.  

  

d) Kelp cover size versus fishery production 

We selected 10 years (2008-2017) where the kelp cover and commercial fishery 

landings overlap was greatest. We performed the analysis using the percentage of kelp 

cover within the FMA, due to the variability of the FMAs area and therefore the area of 

kelp coverage inside. The giant kelp coverage within each FMA was transformed into a 

percentage of coverage from the total area: 

%𝐹𝑀𝐴	𝐾𝑒𝑙𝑝	𝑐𝑜𝑣𝑒𝑟 =
𝐾𝑒𝑙𝑝	𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒	(𝐾𝑚!)	

𝐹𝑀𝐴	(𝐾𝑚!)  

 

The %FMA kelp cover was classified in three categories based on the data 

distribution: Low coverage (<0.1% of kelp cover within the FMA), Medium (between 0.1 

– 1.0% of FMA kelp cover) and High (> 1.0% of FMA kelp cover). The number of FMA 

in each of the kelp cover categories was variable by year and by species. In the case of the 

U.S., the FMA is the same for all the species analyzed. In the case of Mexico, for most 

cases, the FMA is the same, but there are a few exclusive FMAs for lobster and sea urchin 

fishery. The summary of FMA in each kelp cover category is presented in Table 1. 
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e) Statistical analysis 

We tested differences in FMA size between countries and within countries (t-test). 

In addition, we tested differences in FMA kelp coverage by latitude, using the geographic 

location of each FMA with respect to the polygon centroid. We also tested differences in 

FMA kelp coverage between countries and within countries. We use linear regressions to 

test the relationship between kelp coverage and fish production for each fishery. The 

significance of the fishery production between the kelp cover size within the FMA was 

tested using 1-way analysis of similarities (ANOSIM). While the significance of the fishery 

production between the kelp cover size within the FMA and between countries was tested 

using 2-way ANOVA. 

 

RESULTS 

 

a) Spatial approach 

The area and shape of the 182 FMA varied between and within the U.S. and Mexico. 

The average area of the FMA was 252 km2 (± 582.05 SD), with a minimum value of 0.9 

km2 and a maximum value of 5,379 km2 (Table 2). The size of the FMA within countries 

was even more variable, the mean size for the U.S. FMA was 191 km2 (± 94.05 SD), while 

the mean size of the FMA in Mexico was 327 km2 (± 860.72 SD). There are major 

differences between the FMA of both countries, the shape, the location with respect to the 

coast, and the management of the fisheries within them are just some of these differences. 

The t-test (t = 0.679; P < 0.01) shows significant differences in area between FMAs in the 

U.S. and Mexico. 
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With the exception of the fishing concessions on the islands, the Mexican FMAs 

are distributed along the coast according to the availability of the habitat, and their 

amplitude extends according to the depth at which the species included in the fishing 

concession are distributed. On the other hand, the U.S. FMAs extends to greater depths of 

the kelp distribution.  

 

b) Kelp cover within FMA 

On average, the U.S. FMAs have higher kelp cover compared to those located south 

of the U.S.-Mexico border. The two-way ANOVA analysis showed significant differences 

between the kelp coverage within the FMA with respect to latitude and year. The year 2013 

had the highest kelp coverage, while 2016 was the year with the lowest kelp coverage. The 

kelp coverage within the FMAs was variable over time and also across the geographical 

range of distribution. Neither the latitudinal gradient (R²= 0.009; P = -0.03) nor another 

geographic pattern was detected. The size distribution of kelp cover within the FMAs 

showed most of them had less than 1% kelp coverage within them, with a mean of 0.45%. 

 

c) Fishery landings and revenues 

We found a slight increase in the fishery production across the entire geographical 

range studied in the last 17 years (2000-2017), with a mean of 118 kg/km2. The fishery 

production (landings/area) in all resources evaluated is greater in Mexico than in the U.S. 

Although differently than in Mexico, the U.S. production of the 3 benthic species has 

remained very stable throughout the last 17 years. Revenues as a result of the fishery 

production follow the same pattern, being higher in Mexico for all fishery resources 
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evaluated. 

 

d) Kelp cover size versus fishery production 

The fishery production increases when the kelp cover area within the FMAs is 

higher in the case of spiny lobster, purple sea urchin, red sea urchin, and abalone (one-way 

ANOVA, P = < 0.05; Fig. 4 and 5). Although the relationship between fishery production 

and kelp cover was not significant for all fisheries evaluated (Table 3), the difference 

between the kelp cover categories; high, medium and low, was significant. The greater the 

kelp cover inside the FMAs, the greater the production of the analyzed fisheries. This 

difference was not significant in the two fish species, where even when the same pattern of 

greater fishing production with greater kelp cover, however, the differences between the 

categories were not significant.  

 

DISCUSSION 

 

Our results show that the value of the ecosystem services provided by the kelp 

forests may be higher than US$9 million per year, considering only the extractive services 

of the commercial fishery, which represent a small fraction of all the benefits we obtain 

from this ecosystem. This study provides relevant information for managers and decision-

makers with implications for public policies in the regulation and conservation of the 

coastal resources of both countries, the U.S. and Mexico. Giant kelp forests are not only 

the most productive marine ecosystem in the region, but also support economically 

important species (Tegner and Dayton 2000). Considering only the abalone fishery in 
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Mexico, for example, the economic value of production can be up to US$8 million in a 

fishing season. Unlike other services that ecosystems provide to humans, in this case, the 

loss of the giant kelp forest would also represent the total loss of some of these fisheries as 

they are highly dependent on the existence of giant kelp for their subsistence. 

The contrast of the fishery production of the same species (i.e., lobster, red sea 

urchin, and purple sea urchin) in the U.S. and Mexico is an excellent example of how 

management beyond biological factors or the market is decisive in the benefits we get from 

the fisheries. When comparing the geographical distribution of these three species and their 

ecological densities, the differences across the U.S.-Mexico border are not significant 

(Edwards and Estes 2006, Torres-Moye et al. 2014). The pressure that economic markets 

exert on these resources applies equally to the products from both sides of the border since 

both Mexico and the U.S. export their products to Asia (CDFW 2016, SEPESCA 2018). 

Even when both countries have management by quotas and size limits, probably the most 

significant difference is that Mexico's fisheries management is by territorial-use rights 

(TURF). In contrast, in the U.S., fisheries are managed through individual licenses. 

The asymmetry in the fisheries management across the U.S.-Mexico border 

explains, for the most part, the differences in production. Management differences include 

the designation of fishing grounds, recreational fishing permits for important commercial 

species, and individual fishing permits versus territorial concessions. Fishing concessions 

in Mexico are assigned to organized groups of fishermen called cooperatives, who fish or 

harvest one or more resources inside the same FMA. In the U.S., permits are granted to 

individual fishers, and these permits are not linked to a specific fishing ground or FMA. 

Although it may seem that in both cases the fishing effort is stable over time, in the case of 
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Mexico, no more fishing concessions have been granted and the fisher members are 

constant, while in California the number of active fishers has been relatively stable since 

2003 (CDFW 2016), the major difference can occur in terms of the pressure to specific 

fishing grounds, the number of traps used, and the possibility of transferring individual 

permits. 

The greater fishing production in Mexico of benthic species (i.e., spiny lobster, sea 

urchin) is the result of the combination of greater fishing landings and FMAs specifically 

directed to the habitat of these resources. While lobster fishing landings are higher in 

Mexico, this is not the case for the two species of sea urchin. Unlike the FMAs in California, 

the FMAs in Mexico are mostly smaller areas and specially designated to areas where the 

species is present at a density enough to support a fishery. The design of the FMAs in the 

U.S. represents a standardized management for all the fishing resources, independently of 

their ecological density inside the polygon, even if the species density is low enough to not 

support a fishery. The FMAs in Mexico were designed to set polygons in areas where the 

presence of the species can support a fishery. 

Our analysis successfully shows a positive relationship between the giant kelp 

forests cover and the fishery production of the analyzed fisheries. The higher the 

percentage of giant kelp cover within the FMAs, the greater the production of the fisheries. 

This relationship is even more significant in those species that depend directly on giant 

kelp, such as abalone and sea urchin species (Leighton 2000, Tegner and Dayton 1981). 

Even though lobster does not feed on giant kelp, their most common preys do, which is 

why other studies have found the same relationship between giant kelp density and spiny 

lobster (Guenther et al. 2012). 
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The relationship between the percentage of giant kelp cover within the FMAs and 

the fishery production was positive but not significant for the two fish species. Both species 

of fish are common residents of the kelp forests, and studies have analyzed their close 

relationship with this ecosystem (Tegner and Dayton, 2000b). While California sheephead 

is probably the most important predator of adult sea urchins and they can become the 

largest component of their diet, giant sea bass feed on a wide variety of invertebrates 

associated with giant kelp (Domeier, 2001; Hamilton and Caselle, 2015). However, these 

species are also commonly found on rocky reefs on the edge of kelp forests, areas that are 

frequently visited by fishers. 

Contrary to what previous studies reported, our results do not show an effect of a 

trophic cascade in the kelp forests as a result of fishing for predators of this system 

(Guenther et al., 2012; Lafferty, 2004; Tegner and Dayton, 1981). Fishing can trigger a 

trophic cascade effect on ecosystems by selectively changing the abundance of specific 

species and thus altering the composition and structure of communities (Tegner and Dayton, 

1981). In this case, the extraction of lobsters by the fishery could increase the abundance 

of sea urchins which, due to the grazing effect, would decrease the giant kelp cover. 

Guenther et al. (2012) found no evidence that the lobster fishery indirectly impacted giant 

kelp biomass through increased urchin abundance, however, they reported a decrease in 

urchin abundance due to the top-down effect. In contrast, our results indicate that both, 

lobster and sea urchin show greater abundance in the presence of greater giant kelp cover. 

Our results show that the positive relationship of giant kelp cover and sea urchin-

lobster fishery production is maintained throughout the entire geographic distribution of 

giant kelp forests and across a political border, which implies wide differences in the 
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fisheries management scheme. The giant kelp forests in the Northeastern Pacific are fairly 

equally present in coastal extent in both the U.S. and Mexico, and our results coincide with 

previous studies in pointing out that the density of giant kelp does not show a latitudinal 

gradient across this geographic region (Edwards, 2004; Edwards and Estes, 2006). On the 

other hand, both countries exert fishing pressure on both the spiny lobster and sea urchin 

and, in most cases, within the same FMAs. Asymmetries in the spatial management of 

fisheries, including the number of species being fished, fishing quotas, and fishing pressure 

per habitat, can be a limiting factor for this relationship to be maintained. Although 

previous studies have shown the positive relationship between giant kelp cover and spiny 

lobster production, and giant kelp cover and sea urchin production, what makes an even 

more persuasive argument is this study successfully shows this relationship across different 

geographic areas and different management schemes (Guenther et al., 2012; Tegner and 

Dayton, 1981).  

This study successfully shows that the economic value of kelp forests ecosystem is 

significantly higher than previously thought, considering only the value of the commercial 

fishery. Previous work has directed efforts to economically value algal beds and kelp 

forests, considering different ecosystem services (Costanza et al. 1997, Vasquez et al. 

2014). Costanza et al. (1997) assigned a value of US$19,004 ha/yr to algal beds from a 

global perspective, while Vasquez et al. (2014) valued the kelp forests in northern Chile in 

US$540 million per year. Our results indicate that the value of giant kelp forests can reach 

a value of US$8.5 million per year, considering only five fisheries. 
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TABLES 

 

Table 2.2.1. Economically important species of invertebrate and fish closely associated 
with the kelp forest ecosystem. 

Taxonomy 
group Common name Scientific name 

Invertebrate Abalone Haliotis spp. 
Invertebrate Purple Sea Urchin Strongylocentrotus purpuratus 
Invertebrate Red Sea Urchin Mesocentrotus franciscanus 
Invertebrate Spiny Lobster Panulirus interruptus 
Fish California Sheephead Semicossyphus pulcher 
Fish Giant Sea Bass Stereolepis gigas 
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Table 2.2.2. Fishery Management Areas (FMA) for commercial fisheries in both 
geographic regions; 10 × 10-minute grid blocks by California Department Fish and 
Wildlife (U.S.) and fishery concession areas by Mexican Fisheries Management Agency-
CONAPESCA (Mexico).  

Country 
FMA 

(count) 

Mean 

(Km²) 
Max (Km²) 

Min  

(Km²) 
SD Var 

Mexico 78 338.95 5379.00 1.10 ±875.38 766283.27 

U.S. 101 191.10 289.23 0.87 ±94.06 8847.05 

Total 179 255.89 5379.00 0.87 ±586.27 343715.30 

T-Test 
 

0.1250* 
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Table 3. Summary of regression analyses on 10-year mean fishery production (kg/km²) and 
percentage of giant kelp cover within the Fishery Management Areas (FMA).  

Fishery N R² P L.R. Equation 

Spiny lobster 105 0.1116 0.334 y = 42.537x + 27.098 

Purple Sea Urchin 118 0.829 0.911 y = 735.95x + 74.331 

Red Sea Urchin 119 0.806 0.898 y = 1768.8x - 172.07 

Abalone 62 0.8345 0.913 y = 2339.5x + 344.02 

Giant Sea Bass 107 0.0054 0.073 y = 0.1354x + 0.6768 

CA Sheephead 36 0.0006 0.249 y = 0.6979x + 22.661 
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Figure 2.2.1. 2000-2015 Fishery landings (Thousand Tons/yr-1) of three of giant kelp 
forest-associated species Spiny lobster (Panulirus interruptus), Red Sea Urchin 
(Mesocentrotus franciscanus), Purple Sea Urchin (Strongylocentrotus purpuratus) by 
country, Mexico and the United States (U.S.). Data source: CDFW (U.S.) and 
CONAPESCA (Mexico).  
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Figure 2.2.2. 2000-2015 Fishery Sales (Millions USD/yr-1) of three of giant kelp forest-
associated species Spiny lobster (Panulirus interruptus), Red Sea Urchin (Mesocentrotus 
franciscanus), Purple Sea Urchin (Strongylocentrotus purpuratus) by country, Mexico and 
the United States (U.S.). Data source: CDFW (U.S.) and CONAPESCA (Mexico).  
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Figure 2.2.3. Fishery Management Areas (FMA) for commercial fisheries in both 
geographic regions; 10x10-minute grid blocks by California Department Fish and Wildlife 
(U.S.) and fishery concession areas by Mexican Fisheries Management Agency-
CONAPESCA (Mexico). 

 

 

 

United States

Mexico

±
0 100 200 300 40050

Kilometers

10 x 10-minute grid blocks by CDFW
Fishery concession areas by CONAPESCA



 

 129 

 

Figure 2.2.4. Landsat 5 Thematic Mapper image displaying the kelp cover in a small 
section of the study area; south of Bahia Todos Santos, Ensenada, Mexico, (Fall 2008).  
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Figure 2.2.5. Percentage of kelp cover categories within the Fishery Management Areas 
(FMA); High (< 0.1%), Medium (0.1 – 1.0), Low (> 1.0%). 
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Figure 2.2.6. 10-year (2008-2017) average fishing production (Kg/Km²) according to the 
kelp cover size within the FMA; spiny lobster (Panulirus interruptus), purple sea urchin 
(Strongylocentrotus purpuratus), red sea urchin (Mesocentrotus franciscanus). Data are 
presented as mean ±S.E.M. where bars sharing a letter are not significantly different from 
one another (ANOVA post hoc P< 0.05.). 
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Figure 2.2.7. 10-year (2008-2017) average fishing production (Kg/Km²) according to the 
kelp cover size within the FMA; abalone (Haliotis spp.), California sheephead 
(Semicossiphus pulcher), giant sea bass (Stereolepis gigas). Data are presented as mean 
±S.E.M. where bars sharing a letter are not significantly different from one another 
(ANOVA post hoc P< 0.05.). 
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Figure 2.2.8. Spiny lobster (Panulirus interruptus) 10-year (2008-2017) average fishing 
production (Kg/Km²) according to the kelp cover size within the FMA by country, the U.S. 
and Mexico. Data are presented as mean ±S.E.M. where bars sharing letter are not 
significantly different from one another; first letter= within country, second letter= between 
countries (Two-way ANOVA, P< 0.05.).
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Figure 2.2.9. Purple sea urchin (Strongylocentrotus purpuratus) 10-year (2008-2017) 
average fishing production (Kg/Km²) according to the kelp cover size within the FMA by 
country, the U.S. and Mexico.  Data are presented as mean ±S.E.M. where bars sharing 
letter are not significantly different from one another; first letter= within country, second 
letter= between countries (Two-way ANOVA, P< 0.05.).
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Figure 2.2.10. Red sea urchin (Mesocentrotus franciscanus) 10-year (2008-2017) average 
fishing production (Kg/Km²) according to the kelp cover size within the FMA by country, 
the U.S. and Mexico.  Data are presented as mean ±S.E.M. where bars sharing letter are 
not significantly different from one another; first letter= within country, second letter= 
between countries (Two-way ANOVA, P< 0.05.). 
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Figure 2.2.11. Relationship between economic value (USD/yr-1) of 10-year average fishery 
production (2008-2017) considering fishery sales alone and the percentage of giant kelp 
cover within the FMA by country, the U.S. and Mexico.  
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CONCLUSIONS 

 

 

ARTURO RAMÍREZ-VALDEZ 

 

 

 This work has analyzed a selection of marine resource management and conservation case 

studies from across the United States (U.S.)-Mexico political border. The analysis included the 

evaluation of asymmetry in scientific knowledge, resource management strategies, and ecosystem 

services. This final section presents the main conclusions of the analysis of fish distribution in the 

biogeographic transition between the warm-temperate and subtropical systems, the analysis of 

asymmetry in the management of the giant sea bass and kelp forest, and the review of the existing 

knowledge of the kelp forests throughout California (U.S.) and Baja California (Mexico) and how 

climate change will likely impact them. 

 The first chapter reviewed the distribution of fish species to the south of the U.S.-Mexico 

border region. This analysis show that the Cedros archipelago fish community is a species-rich 

assemblage, with a fairly even blend of temperate and tropic-subtropical affinity species.  The 

marked break between the San Diegan and the Cortez biogeographic provinces includes five 

continental islands and is located in the east-central region of the Baja California Peninsula. To 

the north of the Cedros archipelago, temperate species associated with rocky reefs and kelp forests 

begin to be dominant until Point Conception, California. To the south of the Cedros archipelago, 
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species associated with the tropical Cortez and Mexican provinces begin to appear, mainly 

associated with mangrove ecosystems in estuaries and bays located in Bahia Magdalena. Species 

of affinity to cold-temperate waters and tropical-subtropical species are proportionally represented 

in this region. 

 In addition, 38% of the registered species have their distribution limit within this small 

geographic region. Of the nineteen species that presented new occurrences in the Cedros 

archipelago, ten were extensions south of previous distribution limits, two which were San Diego. 

The limited sampling effort south of the U.S.-Mexico border may be the most likely reason for the 

ranges in distribution. This work represents the first exhaustive fish checklist in the northern region 

of the Baja California Peninsula, different from that of Guadalupe Island. This study has shown 

the need for better scientific knowledge of this taxonomic group in the region and how this lack of 

knowledge can contribute to inadequate perceptions in the distribution of species.  

The asymmetry in the management of shared resources between nations generates complex 

scenarios that hinder optimal use, creates disadvantages for one or both actors, and stifles 

conservation efforts. Two such scenarios on the U.S.-Mexico border are addressed with two case 

studies; (a) the critically endangered giant sea bass (Stereolepis gigas), and (b) the economic value 

of commercial fisheries in the kelp forest ecosystem. The conclusions of these case studies are 

presented below: 

 The conclusions of the critically endangered giant sea bass have been revealed as marked 

asymmetry in the scientific knowledge and management of the species across the U.S.-Mexico 

border, creating a complex scenario for fishery management and hampering conservation efforts. 

California introduced a ban in 1982 after the collapse of giant sea bass stocks due to overfishing, 

yet it is still an open fishery in Mexico today. This has led to a difference in the regulation of the 
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fishery of the species, implications for the different managements of the fisheries, and knowledge 

of the species and its populations. The work in these chapters have collectively found that 

extremely strong asymmetry exists in scientific knowledge, economic input, and conservation 

methods across the U.S.-Mexico border, political regulations have both hidden and created 

illusions of false historical population collapses, and the total population size of giant sea bass is 

likely higher than previously estimated. 

 The analyses of the historical landings of the giant sea bass reveal that the collapse of its 

populations occurred much earlier than previously thought and that landings decline from the U.S. 

fleet in Mexican waters may be the result of regulation of the commercial fisheries between the 

U.S. and Mexico. The fishery landings analysis highlights three major findings: (a) high annual 

variability in catches, (b) location of main fishing grounds in southern Baja California, and (c) the 

population size of this species is likely higher than previously thought. The analysis from 

biological monitoring in the Mexican fleet leads to estimations that the giant sea bass population 

size could be larger than we previously thought. The catches from the U.S. and Mexican waters 

combined, totaling more than 53 tons per year, could represent up to 2,120 giant sea bass 

individuals per year. Considering that up to 48.4% of the giant sea bass landed by the Mexican 

commercial fishery are juvenile individuals, the adult individuals removed annually could be up 

to 1,026. A possible future scenario could see both countries with an equal proportion of the giant 

sea bass population. However, sustainable stocks in this scenario will not be likely without setting 

the foundations for binational management. It is in the best interests of both parties to recover the 

population of the giant sea bass from the perspective of fishing, its ecological role, and its cultural 

value. 
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 In the kelp forests ecosystem case study, when considering only the extractive services of 

the commercial fishery, which represents a small fraction of all the benefits we obtain from this 

ecosystem, the results show the value provided may be upwards of US$9 million per year. Kelp 

forests are iconic ecosystems providing a wide range of services including direct use examples 

such as commercial and recreational fisheries, which represent an important economic and social 

component. The economic value estimates of the giant kelp forests ecosystem across the entire 

geographic distribution in the Northeastern Pacific are based on the most representative goods and 

services that this ecosystem provides to humans. Considering just the abalone fishery in Mexico, 

the economic value of production can be up to US$8 million in a fishing season. Unlike services 

that other ecosystems provide to humans, the loss of the giant kelp forest would also represent the 

total loss of some of these fisheries as they are highly dependent on the existence of giant kelp. 

The greater fishing production in Mexico of benthic species (i.e., spiny lobster, sea urchin) is the 

result of the combination of greater fishing landings and fishery management areas specifically 

directed to the habitat of these resources. This study successfully shows that the economic value 

of kelp forests ecosystem is significantly higher than previously thought considering fisheries 

alone. The results indicated the value reaching US$8.5 million per year when considering only 

five fisheries. 

 The coastal forests formed by the giant kelp Macrocystis pyrifera are primary habitats. In 

California and Baja California, they support high levels of species diversity and productivity in 

the region, acting as a refuge, nursery, and food provider for many species. The kelp forests and 

the populations of species that inhabit this ecosystem across the U.S.-Mexico border are connected 

through migration, dispersal, and genetic connectivity. Despite forming the same large marine 

ecosystem, the forests of California and Baja California have two very different histories. 
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California's kelp forests have a long history of fishing pressure, pressure from recreational 

activities, continuous long-term monitoring programs, and a network of marine protected areas. 

While the fishing pressure on the kelp forest in Baja California is more recent, few research 

monitoring initiatives exist, and a lack of spatial protection schemes is notable. There are more 

than 40 times more peer-reviewed papers on kelp forest ecosystem topics in California than in 

Baja California, furthering the asymmetric knowledge and management in the region. The lack of 

studies taking a binational approach is glaring when out of a total of 236 articles in the review, 

only nine peer-reviewed papers include sites on both sides of the border. As a result, the best 

strategy in the long run is transboundary cooperation through sharing cross-border marine 

resources and acknowledging the actions taken by one of the invariable parties affects the other. 

In addition to its ecological importance, giant kelp forests and the ecosystem services they provide 

to humans are worth millions of dollars to the U.S. and Mexican economies, which may be lost or 

decreased due to climatic and non-climatic change stressors. Coastal human populations rely on 

many ecosystem services that kelp forest provide such as food and natural products, chemical 

products, recreational and commercial fisheries, ecotourism opportunities, cultural value, and 

nutrient cycling. The physical environment that supports kelp forests includes hard bottoms in 

waters shallow enough for light-limited germination and growth, exposure to cool nutrient-rich 

waters, surge, and low risks of sedimentation and turbidity. Human activities have become 

ecological drivers of kelp forest communities and the impacts of pollution, land use practices, 

disposal of dredged sediment, introduction of exotic species and overfishing of key predators and 

herbivores have been well documented and are relatively known. Although the same level of 

certainty is not available for the consequences, it is clear that changes in ocean temperature and 

acidity may interact with one another and have different impacts on these forests and that the kelp 
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forests in the California and Baja California region are currently under stress due to overfishing, 

overgrazing, heat waves, and climate change. The literature review showed that the giant kelp and 

the biological communities it supports will likely react to climatic and non-climatic changes in 

complex ways, likely by contracting their southern extent due to warming waters, reductions in 

nutrient availability, increasing wave disturbance, and grazing by warm-water herbivores. 




