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Small-scale artisanal fishers (SSF) in Nayarit, Mexico, are vital for coastal community 

wellbeing. These fisheries have been historically challenging to monitor due to the nature of 

small-scale fisheries. My research focuses on using local ecological knowledge (LEK) of 

artisanal fishers from the region to fill gaps in knowledge about the management and well-being 

of these fisheries, particularly the spatial distribution of fishers within this region over several 

decades. Maps of the artisanal fishing grounds were produced, and an analysis showing 

differences in community spatial adaptation over time was also created. My work shows that 

artisanal fishers in this region are utilizing spatial adaptation mechanisms to cope with changes 

within the fishery; fishers have chosen to use fishing grounds that expand outside of their 

traditional ranges. This work shows the importance of LEK in managing small-scale fisheries 

and how fishers can use movement to adapt to changes within their environment. 



1. Introduction: 

 

Small-scale artisanal fisheries (SSF) are essential for the livelihoods of people in coastal 

communities globally, with most of all catches within SSF being consumed within the 

community (Canty & Deichmann, 2022). SSF also generate revenue for approximately 22 

million small-scale fishers, producing over 274 billion dollars annually (FAO, 2012; 

Cheunpagdee et al., 2019). Because of this, small-scale fisheries are an essential factor in food 

security and economic stability globally (Kelleher & Mills, 2012; FAO, 2024).  

In Mexico, small-scale artisanal fishing generally comprises multipurpose vessels under 

12 m, with the most common vessel being a 7 m open-deck, fiberglass vessel with an outboard 

motor called a panga. (FAO 2024; Cruz-Gonzalez et al., 2018). Unlike most large-scale, 

industrial fisheries, small-scale fisheries are typically multi-species; this gives small-scale fishers 

more flexibility to fish year-round (Ojeda-Ruiz et al., 2019). Along with fishing for multiple 

species, small-scale artisanal fishers have been shown to undertake fishing trips of one to two 

days, hauling and placing gear themselves; this limits them to areas closer to shore for their 

catches (Cartamil et al., 2011). Typical gear for artisanal fisheries includes gill nets, handlines, 

and spears (McClanahan, 2004).  Specifically, SSF comprise 40% of national fish production and 

93% of the total fleet in Mexico (CONAPESCA, 2014; FAO, 2024). These fisheries employ 

hundreds of thousands of fishers within the country (CONAPESCA, 2014; FAO, 2024). These 

small-scale fisheries are complex systems incorporating human interactions into nature, leading 

to individual, collective, and governance interactions (Ojea et al., 2020). Therefore, looking at 

these systems as social-ecological systems (SES) at the individual and community levels is 

essential to understand how the system responds to environmental changes.  

https://www.zotero.org/google-docs/?mmpAxj
https://www.zotero.org/google-docs/?LLMVZX
https://www.zotero.org/google-docs/?nXteYS
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Despite the importance of small-scale artisanal fisheries, the nature of these fisheries 

makes them extremely hard to manage and monitor. In addition, several factors threaten the 

productivity of SSF and local coastal economies (Pecl et al., 2017; Leibbrandt et al., 2021; 

Allison et al., 2009). These factors include overfishing, poor management practices, and habitat 

destruction (Monroy et al., 2011). Recently, scholars have also documented the impacts of 

anthropogenic-driven climate change on coastal ecosystems, such as sea level rise (Kulp & 

Strauss, 2019), sea temperature increases (Cheng et al., 2019), and ocean acidification (Cattano 

et al., 2018). 

On an individual and community level, fishers have three main avenues of responding to 

changes within the fishery: coping, adapting, and transforming (Chuenpagdee & Jentoft, 2015; 

Millan, 2019; Ojea et al., 2020). These three strategies help fishers sustain livelihoods and 

alleviate poverty amidst stressors (de Coninck et al., 2018; Galappaththi et al., 2021) and have 

been observed at the individual, collective, and governance levels of SSF. Depending on the 

response and strategy, fishers can either accelerate the negative impacts of climate change or 

generate higher levels of sustainability within the fishery (Bernos et al., 2021). Understanding 

these strategies within specific fisheries is vital to better managing and sustaining small-scale 

fisheries (Bernos et al., 2021; Barboza et al., 2024).  

Coping mechanisms involve responding to disturbances through short-term actions that 

use already available skills, resources, and experiences (Ojea et al., 2020). Examples of coping 

mechanisms for small-scale fishers include borrowing money from community members or 

temporarily shifting to rely upon a second source of income, such as child labor (Ojea et al., 

2020).  



Adaptive mechanisms offer fishers a way to adjust to immediate changes in their 

operating environments. Adaptation strategies are defined as incremental changes within the 

fishery, with alterations in the existing behaviors that allow the fishery to absorb external 

impacts (Ilosvay et al., 2022). Examples of adaptation strategies include targeting new species, 

changing gear, modifying fishing ground locations, and restructuring assets (Galappaththi et al., 

2021; Galappaththi et al., 2019; Joarder & Miller, 2013; Deb & Hague, 2017; Ojea et al., 2020). 

A critical form of adaptive strategy involves mechanisms of spatial adaptation, such as changing 

fishing grounds.  

Compared to coping and adaptive responses, transformative responses within a fishery 

are usually classified as the most drastic approach; fishers are most likely to choose this response 

after exhausting all adaptation and coping strategies, with transformation strategies correlated 

with exiting the fishery (Salgueiro-Otero et al., 2022).  Because of their overall nature, 

transformative actions are the easiest to identify, with transformative strategies usually involving 

activities that “can alter current social-ecological system structures and aid in creating new 

systems or futures” (Salgueiro-Otero et al., 2022). Examples of transformative strategies include 

diversifying livelihoods or migration to other regions (Ilosvay et al., 2022). 

This study explores how artisanal fishers in Nayarit have historically used spatial 

adaptation to address changes in the distribution and abundance of their targeted fish 

populations. Previous research suggests that small-scale fisheries typically operate within 

confined spatial boundaries that may fluctuate seasonally (Gonzalez-Mon et al., 2021). However, 

emerging evidence indicates that these boundaries may expand as fishers venture further offshore 

to maintain their catch rates (Young et al., 2019). Understanding this shift is crucial for assessing 



how local communities respond to ecological changes and what this implies for the sustainability 

of their livelihoods and marine ecosystems. 

This region of Nayarit is classified as a climate change hotspot, being in the 90th 

percentile and above for climate change hazard exposure (Ilosvay et al., 2022). This region has 

experienced an increase in intense marine heatwaves and tropical storms (Ilosvay et al., 2022). 

Historically, this region had an abundance of marine fauna. Large cetaceans, turtles, and large 

fish were frequently found in this region, but now they are scarce (Sala et al., 2004). Human use 

of the inshore and coastal regions has been documented in this region before the Spanish 

occupation, with the west coast serving as an essential food source through mollusk harvesting 

(Scott, 1968; Rubio-Cisneros et al., 2017). The exploitation of this region through resource 

extraction has been documented ever since (Rubio-Cisneros et al., 2017). Fishing and human 

coastal activity in this region continued to increase, with a documented rise in the 

overexploitation of finfish beginning in the 1950s (Cruz-Torres, 2001; Rubio-Cisneros et al., 

2017). Climate change, along with overexploitation, may be factors causing the possible spatial 

adaptation of fishers in this region. To figure out if these factors could be causing fishers to 

utilize spatial adaptation, two research questions were investigated. 

My research questions are twofold: 1) Have artisanal fishers in Nayarit adapted to 

changes in fishery resources through spatial adaptation, specifically by extending the range of 

their fishing activities? 2) Can we identify patterns in these movements, both offshore and 

alongshore, to better understand the dynamics of their spatial strategies? 

To answer these questions, local collaborators interviewed six communities of Nayarit, 

Mexico: Boca de Asadero, Boca de Camichín, Chacala, La Cruz de Huanacaxtle, La Peñita de 

Jaltemba, and San Blas. Artisanal fisheries are challenging to monitor using traditional methods 



used for industrial commercial fisheries (Chester & Micheli, 2011). A lack of historical data 

within the fisheries can complicate the creation of baselines of stock health using traditional 

data-rich methodologies (Mclean et al., 2020; Boubekri et al., 2022). To offset the lack of formal 

data on small-scale fisheries in Nayarit, my local collaborators and I documented local ecological 

knowledge (LEK) through interviews with long-term resource users. Local ecological knowledge 

is region-specific knowledge that a specific group of individuals develops through direct 

interactions with the environment or another physical setting (Bundy & Davis, 2013). In this 

study, LEK allowed me to track spatial and temporal changes in fishing activity over time and 

possible causes of both positive and negative changes in the fishery (Sala et al., 2004; Ainsworth, 

2011; Colloca et al., 2020). By addressing these questions, I aim to illuminate the adaptive 

strategies employed by these fishers and inform broader adaptive measures for communities 

facing similar challenges due to climate change. 

 

 

2. Methods 

2.1 Interviews 

 My local collaborators conducted 102 semi-structured interviews with 85 questions, each 

using predefined questions with open-ended questions between August and September 2021 

(Supplemental Files). Interviewees for the questionnaire were identified by previous researchers 

and my local collaborators as working in the artisanal fishing industry either full-time or part of 

the year as a primary occupation at some point in their careers. Initial participants were identified 

through the help of a local collaborator at the National Fisheries and Aquaculture Institute of 

Mexico who has worked in this region for decades (Shaff et al., 2023). After the initial 



participants were interviewed, snowball sampling was utilized, and each interviewee 

recommended other fishers to interview. For this study, I focused on the following questions 

from the interviews surrounding their spatial adaptations: “Where did you fish for your primary 

target species each decade?”, “Where did you fish for your secondary target species each 

decade?”, “Where did you fish for your tertiary target species each decade?”.  

This dataset contains interviews from 102 artisanal fishers, with varying responses per 

decade. Each fisher had responses in more than one decade, corresponding to the length of their 

career (Table I).  



 

Table I. Number of Interviewees active in the fishery between 1960-2020. 

 

2.2 Data Structuring and Figure Creation 

All 102 interviews were systematically processed to create a dataset from the above 

questions.  To identify the fishing grounds of local fishers, my local collaborators chose not to 

use maps during the interviews, for fishers in this region typically do not conceptualize their 



traditional fishing areas visually through maps. This was made clear during the interview 

process, as no fishers mentioned their fishing grounds through coordinates. Instead, in the 

interviews, fishers explained that they use geological references such as a distinctive rock or bay 

to identify their fishing grounds. Consequently, maps were found not to be helpful in the 

interviewing process. Instead, my local collaborators asked fishers for the common names of 

their fishing sites. I then constructed maps ex-post in the laboratory based on their responses. 

Given potential name variations to the same site, I eliminated potential duplicates during a 

workshop with my local collaborators. Once a list of unique fishing grounds was created, I 

produced maps using three main methods: a) site identification using known geographical 

features, such as islands or bays, b) expert identification through conversations with my local 

collaborators, c) information from recreational fishing companies provided on their websites. 

This last method was beneficial for the location of seamounts, which were identified using maps 

published in fishing charter websites and sport fishing archives (such as 

puertovallartafishing.net). This led to the creation of a map that includes 212 fishing grounds 

(Fig. 1) 



 

Figure 1. Map showing artisanal fishing grounds. 

 

To process the data from a tabular format to a visual map, statistical analysis tools were 

used in ArcGIS Pro to create a flow map showing fishing ground locations per decade. To create 

the flow map, XY coordinates of each specific point were calculated using “Calculate Geometry 

Attributes”. After each point had associated XY coordinates, the XY-to-line tool created lines 

between interview locations and fishing grounds. 

To analyze the data further besides displaying the fishing grounds spatially, Sankey 

diagrams were created. Sankey diagrams help create meaningful visuals displaying the flow of 

information through various pathways (Riehmann et al., 2005). For the Sankey diagrams, R 



studio statistical software, using the “ggsankey,” “tidyverse,” and “NetworkD3” packages, was 

used to graph each fisher response into two Sankey diagrams: one showing the max fishing 

distance from shore per individual fisher and another showing fisher movement per community 

per decade (Fig. 1).  

 

3. Results 

From 1960 to 2020, artisanal fishers exhibited various movement patterns from shore (Fig. 2). 

One unexpected trend shown in my results is that fishers reported fishing as far as 110 km to the 

furthest Islas Marías island, San Juanito, as early as the 1970s (Fig. 2). From my results, it 

appears that fishers utilizing further distances switched to using Islas Marías as fishing grounds 

from the 1960s to 1970s. This can be seen directly in my results with all fishers switching from 

20-30 km (bottom purple flow in the 1960s) to 90-100 km (light orange box in the 1970s 

column) between these two decades (Fig. 2). Interestingly, the fishers who switched to fishing in 

these faraway locations at Islas Marías were also indicated to fish the farthest in the 1960s. This 

proportion of fishers stayed steady throughout the decades, from 1970 to 2020; the only 

deviation from this pattern can be seen starting in the 1990s, with flows of fishers shifting from 

fishing at Islas Marías to other locations closer to shore (Fig. 2). This can be seen directly in the 

figure through flows of fishers in the 90-100 km category (light orange) going to the 0-5 km 

(dark grey/black box), 5-10 km (light grey box), and 10-20 km (dark purple box). Up until the 

present day (2020s), light orange flows and light yellow flows can be seen leading to the same, 

closer-to-shore distances (dark grey/black, light grey, and dark purple), indicating that fishers 

continued to move closer to shore in the following decades after the 1990s (Fig. 2). 



  Another pattern shown in my results is a steady proportion of fishers reporting a very 

small maximum distance from the coast; this is evident in my results by the large percentage of 

fishers in the 0-5 km (dark grey/black color) category that stays constant through all decades 

(Fig. 2). My results demonstrate little direct exchange between the close to shore and far from 

shore groups (dark grey/black for the close to shore group and orange/yellow for the furthest 

away groups), showing that fishers show little preference for switching their fishing grounds by 

extreme distances (Fig. 2).  

The most striking result in Figure 2 is the emergence of fishers utilizing sites between 30 

and 70 km. Beginning in the 1990s, fishers reported using fishing grounds in these middle 

distances, and with each decade, the number of fishers reporting utilizing these sites increased.  

Overall, my results from Figure 2 suggest that fishers are stable in their distance from shore, with 

some notable changes occurring in the distances between Islas Marías and the shore. 



Figure 2. Artisanal fisher max distance from shore from 1960-2020. Each decade is represented 

by a column, with percentages displayed within each colored box, showing the proportion of 

fishers in each distance category. Lines between columns show the movement of individuals.  

 

Figure 3 shows fisher movement along and from the coast by community. Within and 

between each decade, each community has notable differences in the movement of fishers. The 

first notable result that can be seen in the figure is the sudden appearance of fishers traveling to 

Islas Marías from La Cruz de Huanacaxtle (orange). La Cruz de Huanacaxtle had the most 

significant number of fishers fishing at Islas Marías throughout all the decades, and fishers from 

this community can be seen constantly fishing near the islands from the 1970s onward (Fig. 3). 

Although fishers from other communities responded that they began fishing at Islas Marías, no 



other community had as strong of a presence at the islands compared to La Cruz de Huanacaxtle, 

as seen in the flow map.  

Another notable result in the flow map is the emergence of San Blas fishermen in areas 

between Islas Marías and the coast. Fishers from San Blas can be seen fishing these new grounds 

en masse starting in the 1990s, and the number of San Blas fishers (brown lines) in these areas 

stayed strong from that decade onward (Fig. 3). This supports what was seen in Figure 2, with 

the emergence of 30-70 km fishing grounds in the 1990s, with a slowly increasing proportion of 

fishers responding that they began traveling to fishing grounds at these distances.  

 The flow map also shows the expansion of fishers from Boca de Asadero and Boca de 

Camichín into new fishing grounds north of the two communities. This can be seen in the figure 

through the emergence of a large number of blue and yellow lines in the northern part of the 

map, increasing with each passing decade (Fig. 3). This result in the figure also indicates that in 

the 1980s, 1990s, and 2000s, fishers from Boca de Asadero (blue lines) can be seen venturing 

further north than fishers from Boca de Camichín (yellow lines), even though Boca de Camichín 

is further north than Boca de Asadero (Fig. 3). While fishers from these two communities began 

expanding their fishing grounds north, a slow decline of fishers from both communities 

responding that they fished at Islas Marías can be seen in the same decades (Fig. 3).  

One last glaringly apparent result from Figure 3 is the prevalence of fishers from Chacala 

fishing only near the shore. From the map, few, if any, fishers from this community responded 

that they fished any of the furthest distances on the map. Fishers in this community prefer to stay 

closer to the coast than any other community. 



       

Figure 3. Flow map showing the distance from the shore of fishing grounds for artisanal fishers 

from 1960 to 2020. Each line represents a different fisher response, with each color representing 

a different community: blue (Boca de Asadero), yellow (Boca de Camichín), green (Chacala), 

orange (La Cruz de Huanacaxtle), pink (La Peñita de Jaltemba), brown (San Blas). 

 

4. Discussion 

My results support the idea that artisanal fishers in Nayarit have used spatial adaptation 

mechanisms and have had to diversify their fishing grounds over time. The movement of 

artisanal fishers to different fishing grounds could be due to various factors, including changes in 



targeted species abundance due to climate change and stock depletion (Gonzales-Mon et al., 

2021).  

Initially, I hypothesized that fishers would only begin using the furthest away fishing 

grounds in recent decades. Figures 2 and 3 show that artisanal fishers in La Cruz de Huanacaxtle 

occupy fishing distances up to 110 km offshore to the furthest Islas Marías island, San Juanito, as 

early as the 1970s. This long-distance fishing practice of this community can obscure a general 

trend showing movement further from the coast for the rest of the communities. If fishers who 

travel to Islas Marias continually throughout all decades are treated as a constant, then an 

increment in the use of areas 30-70 km from shore through time of fishers from other 

communities can be observed, especially in Figure 3. Therefore, I conclude that using distance 

from shore as a metric for adaptation without factoring in traditional fishing patterns could lead 

to an underestimate of changing patterns near the coast, as some fishers have not changed their 

fishing grounds in decades, but their traditional fishing grounds are farther away than other 

communities. 

According to the original interviews, fishers from La Cruz de Huanacaxtle mainly target 

Thunnus Albacares (Yellowfin Tuna) and Lutjanus Peru (Pacific Red Snapper). 20 out of 23 

interviewed fishers from this community had red snapper or tuna as their primary target species. 

The Yellowfin Tuna near Islas Marías is renowned for its large size and, thus, high value 

(Jurado-Molina et al., 2022). Pacific Red Snapper is also a high-value species and can be found 

near the islands (Tholan et al., 2020). Therefore, it is plausible that the high prevalence of tuna 

and high value of red snapper mentioned as a target species in this community could explain why 

fishers in La Cruz de Huanacaxtle shifted to having Islas Marías as a fishing ground from the 

1970s onward. If fishers from La Cruz de Huanacaxtle are treated as outliers to the data, then my 



results match the overall prediction and consensus in the literature that fishers are moving further 

from shore to either follow their current target species or to target new species to catch (Bell et 

al., 2018; Deb & Haque, 2017; Galappaththi et al., 2021). This can be seen in the movement of 

fishers from other communities to regions further from shore in Figures 2 and 3. The movement 

of fishers away from the shore is especially clear in San Blas (brown) and La Peñita de Jaltemba 

(pink) fishers in Figure 3, beginning in 1980 and increasing into the 2020s (Fig. 3).  

Small-scale fisheries in Mexico have been shown to have higher fishing activity as the 

decades have progressed, leading to over-depleting resources (Cinti et al., 2014). Higher effort of 

fishers to compensate for the lack of species and heightened competition is one factor leading to 

the depletion of stock, which could be one possible explanation for fishers stating that they were 

forced to move fishing grounds (FAO, 2024; Gough et al., 2020). 

More specifically, the shift of artisanal fishers in San Blas to fishing locations farther 

from shore could be correlated with the rise of shrimp aquaculture in the region and land-use 

changes causing pollution in the marine estuaries surrounding the town. Anthropogenic land-use 

change, specifically through shrimp aquaculture, has been documented to account for 

approximately 1900 hectares of land being altered for use for shrimp production between the 

years 1992 and 2001 (Berlanga-Robles & Ruiz-Luna, 2006). The amount of land used for shrimp 

aquaculture in this region has increased, with an estimated total of 14,428 hectares in 2020 

(Noguera-Muñoz et al., 2021). Shrimp aquaculture, in general, has been linked with the release 

of pollutants into nearby waterways (Páez-Osuna et al., 1998). In this region, it appears that 

fishers are aware that shrimp aquaculture has led to heightened pollution of estuaries, given that 

three fishers specifically cited that they changed target species due to shrimp farm runoff into 

estuaries.  



However, as Figure 2 shows, the proportion of fishers using Islas Marías appears to 

decrease slightly in the 1990s and 2000s, with many fishers opting to move to different fishing 

grounds closer to shore. Fisher responses and the history of the Islas Marías islands may explain 

this observation. From 1905 to 2019, a Mexican federal prison occupied one of the islands, Islas 

Marías Madre (Tholan et al., 2018). The constant prison monitoring during these decades led to 

the area acting as a marine reserve before officially becoming a biosphere reserve in 2003 and a 

UNESCO heritage site in 2007 (CONANP-SEMARNAT, 2010; Shaff et al., 2023).   

 The prison and the subsequent monitoring of Islas Marías Madre have been cited to scare 

some fishers away from going to this location, as well as the closest neighboring islands, with 

some saying that they switched from fishing near the archipelago altogether due to fear of being 

caught (Appendix). However, due to the federal penitentiary being located only on Madre, 

fishers have been able to take advantage of the further islands for fishing, such as San Juanito.  

During the interviews, the monitoring of the islands was not cited as a concern by the fishers 

until the 1990s. In my results, there were large flows of fishers who moved from fishing near 

Cleofas to other locations closer to the mainland (Fig. 2). The proportion of fishers shown to 

have fished near Cleofas and Madre decreased in the 2000s, relative to the 1990s and 2010s (Fig. 

3). This flow of fishers could be explained by the formal designation of the archipelago as a 

biosphere reserve, which created more formal monitoring of the islands besides prison 

authorities around Madre (Shaff et al., 2023).  Fishers could have also been discouraged from 

using this area as a fishing ground due to new, more formal tourism plans through the 

construction of the Islas Marías Tourist Center and partnerships between the Mexican 

government and tourism companies (Mega et al., 2019).   



My results also showed that many fishers prefer to stay near the shore. Two main factors 

could explain the strong presence of fishers staying near the coast:  a) technological limitations 

and b) the high productivity of coastal ecosystems.  

Small-scale artisanal fishers have a wide array of gear at their disposal, but the 

sophistication of the technology they use to catch their gear is often simpler than that of large-

scale industrial fisheries (Schuhbauer et al., 2019). SSF usually employ gear that can be carried 

by hand to fishing locations, such as gillnets, hook and line, traps, and longlines (Finkbeiner, 

2015). Gear, combined with boat accessibility, limits these fishers to specific regions if they 

cannot access different gear (Schuhbauer et al., 2019; Finkbeiner, 2015). This could explain why 

most fishers have chosen not to move further from shore; they do not have the correct gear that 

would allow them to go further. It appears that fishers in this region either do not want to or 

cannot switch fishing gear. 

Also, in this region, many coastal estuaries and wetlands are formed by the presence of 

many major rivers leading to the Pacific Ocean from inland regions (Berlanga-Robles & Ruiz-

Luna, 2006). Marine estuaries and coastal wetlands support high habitat diversity and 

biodiversity within the ecosystem (EPA, 2024; Liu & Cameron, 2001). Because marine estuaries 

are one of the most biologically productive ecosystems on Earth (EPA, 2024), a strong presence 

of artisanal fishers in this region is expected. Specifically, the large coastal wetland in this region 

is Marismas Nacionales; located in the southern region of Sinaloa and northern region of 

Nayarit, Marismas Nacionales is one of the most extensive wetlands in North America that 

borders the Pacific Ocean (Flores-Verdugo et al., 1997; Rubio-Cisneros et al., 2017). This region 

has diverse ecosystems, including beaches, coastal dunes, lagoons, and mangrove forests 



(Lithgow et al., 2019). This highly biodiverse and productive region could also explain why 

many fishers have not moved away from the coast.  

Despite the highly productive coastal ecosystem, the movement of some fishers away 

from this region could be explained by the increased overexploitation of the coastal ecosystems 

in this region, combined with the adverse effects of climate change. This mix of anthropogenic-

caused climate change and direct human interaction with the ecosystem has led to the 

degradation of the local coastal ecosystem. Increased fishing efforts in this region beginning in 

the 1980s have directly been linked to decreased landings of primary target species of many 

artisanal fishers in this region, such as red snapper (Rubio-Cisneros et al., 2017).  

Overall, some fishers exhibited diversification of fishing locations and mobility between 

sites, with others staying at the same locations throughout their careers. My result showing 

fishers diversifying and moving fishing grounds is reinforced by fisher responses to why they 

changed fishing sites, with most fishers who added or changed sites through the decades saying 

that they started to alternate between fishing locations (Appendix). This supports past literature 

stating that fishers may move outside of their traditional fishing grounds in response to stressors; 

changing to be highly migratory spatially and expanding their fishing grounds can help fishers 

with declining target species abundance (Cudney-Bueno & Basurto, 2009; Ilosvay et al., 2022). 

Unfortunately, fishers changing to be highly migratory and having more fishing grounds can also 

lead to an exacerbation of overfishing effects and can lead to maladaptation in the long term 

(Ilosvay et al., 2022; Abel et al., 2016). My results indicate that fishers have not entirely 

abandoned any fishing locations but have added to the number of sites they visit.  

In their current state, artisanal fisheries in Nayarit, Mexico, have displayed resilience to 

the effects of climate change and other outside forces. Fishers having the capability to react and 



respond to changes in the fishery show that spatial adaptation strategies are currently feasible for 

many fishers. However, due to the nature of small-scale fisheries and the available resources to 

fishers, the extent to which spatial adaptation will be helpful to artisanal fishers in Nayarit, 

Mexico, in the future is unknown. Given that the middle distances between Islas Marías and the 

mainland still need to be utilized compared to fishing grounds close to shore, this may be due to 

a lack of target species in these areas or that fishers do not need to use these grounds as much. 

The spatial adaptive response of fishers has helped to maintain the status quo. Still, 

unfortunately, due to the nature of these fisheries, this adaptation is likely to lead to 

overexploitation and an unsustainable catch rate of species (Ojea et al., 2022).  

Without local ecological knowledge from the fishers, previously unknown information 

about the fishery catch rates and fishing grounds to support this observation would be impossible 

to surmise. Traditional monitoring of small-scale fisheries in this region is scarce, so this 

knowledge is the best way to discover trends within the fishery that have occurred since the 

1960s (Shaff et al., 2023). This is especially important because my results show that fishers have 

used spatial adaptation since the 1960s. Given that this fishery is located in a climate change 

hotspot, this information is vital for new management strategies in the face of climate change 

(Ilosvay et al., 2022). However, this study did have two limiting factors. This study's most 

prominent limiting factor is the limited sample size of fishers within the 1960s and 1970s. The 

small number of responses for the earliest decades was expected due to the time between the 

1960s, 1970s, and now.  Another limiting factor for this study is also recall bias. Because many 

participants were asked about fishing activities in their careers as early as the 1960s, some details 

may have been forgotten or not accurately remembered (Shephard et al., 2021). Despite these 



two factors, LEK of the fishers in this region gathered in this study and beyond will be vital to 

maintain and monitor fishery health in the future (Shaff et al., 2023). 

The outputs of this study that used LEK to create maps of artisanal fishing grounds are 

beneficial for future coastal zone management decisions on the western coast of Nayarit (Grati et 

al., 2022). Because fishers in this region depend on locally known and named geographic 

features to navigate to their fishing grounds, it can be difficult for those outside the fishery to 

know where fishing grounds are located. Maps showing traditional fishing grounds and maps 

documenting changes in said fishing grounds over time can assist external stakeholders in 

creating a baseline of health for small-scale fisheries (Jankowski, 2009). Establishing a baseline 

of past and current fishing grounds can help prevent further overexploitation of the fishery, 

promoting higher levels of sustainability for both the fishery and coastal ecosystem (Grati et al., 

2022). These maps also help convey important information about the fishery to public 

authorities, which helps create more information-driven decisions to help regulate fisheries 

practices in this region (Jankowski, 2009). 

 

 

 

 

 

 

 

 

 



 
REFERENCES 

1. Abel, N., Wise, R. M., Colloff, M. J., Walker, B. H., Butler, J. R. A., Ryan, P., Norman, 

C., Langston, A., Anderies, J. M., Gorddard, R., Dunlop, M., & O’Connell, D. (2016). 

Building resilient pathways to transformation when “no one is in charge”: Insights from 

Australia’s Murray-Darling Basin. Ecology and Society, 21(2). 

https://www.jstor.org/stable/26270401 

2. Allison, E. H., Perry, A. L., Badjeck, M.-C., Neil Adger, W., Brown, K., Conway, D., 

Halls, A. S., Pilling, G. M., Reynolds, J. D., Andrew, N. L., & Dulvy, N. K. (2009). 

Vulnerability of national economies to the impacts of climate change on fisheries. Fish 

and Fisheries, 10(2), 173–196. https://doi.org/10.1111/j.1467-2979.2008.00310.x 

3. Allman, P., Agyekumhene, A., & Stemle, L. (2021). Gillnet illumination as an effective 

measure to reduce sea turtle bycatch. Conservation Biology, 35(3), 967–975. 

https://doi.org/10.1111/cobi.13647 

4. Arias Schreiber, M., Ñiquen, M., & Bouchon, M. (2011). Coping Strategies to Deal with 

Environmental Variability and Extreme Climatic Events in the Peruvian Anchovy 

Fishery. Sustainability, 3(6), Article 6. https://doi.org/10.3390/su3060823 

5. Barnes, M. L., Wang, P., Cinner, J. E., Graham, N. A. J., Guerrero, A. M., Jasny, L., Lau, 

J., Sutcliffe, S. R., & Zamborain-Mason, J. (2020). Social determinants of adaptive and 

transformative responses to climate change. Nature Climate Change, 10(9), 823–828. 

https://doi.org/10.1038/s41558-020-0871-4 

6. Belhabib, D., Lam, V. W. Y., & Cheung, W. W. L. (2016). Overview of West African 

fisheries under climate change: Impacts, vulnerabilities and adaptive responses of the 

https://www.jstor.org/stable/26270401
https://www.jstor.org/stable/26270401
https://doi.org/10.1111/j.1467-2979.2008.00310.x
https://doi.org/10.1111/cobi.13647
https://doi.org/10.1111/cobi.13647
https://doi.org/10.3390/su3060823
https://doi.org/10.1038/s41558-020-0871-4
https://doi.org/10.1038/s41558-020-0871-4


artisanal and industrial sectors. Marine Policy, 71, 15–28. 

https://doi.org/10.1016/j.marpol.2016.05.009 

7. Bell, J. D., Cisneros-Montemayor, A., Hanich, Q., Johnson, J. E., Lehodey, P., Moore, B. 

R., Pratchett, M. S., Reygondeau, G., Senina, I., Virdin, J., & Wabnitz, C. C. C. (2018). 

Adaptations to maintain the contributions of small-scale fisheries to food security in the 

Pacific Islands. Marine Policy, 88, 303–314. 

https://doi.org/10.1016/j.marpol.2017.05.019 

8. Berlanga-Robles, C. A., & Ruiz-Luna, A. (2006). Assessment of landscape changes and 

their effects on the San Blas estuarine system, Nayarit (Mexico), through Landsat 

imagery analysis. Ciencias Marinas, 32(3), 523–538. 

9. Bundy, A., & Davis, A. (2013). Knowing in context: An exploration of the interface of 

marine harvesters’ local ecological knowledge with ecosystem approaches to 

management. Marine Policy, 38, 277–286. https://doi.org/10.1016/j.marpol.2012.06.003 

10. Calvario-Martínez, O., Lechuga-Devéze, C. H., & Sánchez-Rodríguez, M. A. (2014). 

Establishing Management Strategies for Boca de Camichín Estuarine System Using 

Nutrient Carrying Capacity. In F. Amezcua & B. Bellgraph (Eds.), Fisheries 

Management of Mexican and Central American Estuaries (pp. 51–66). Springer 

Netherlands. https://doi.org/10.1007/978-94-017-8917-2_4 

11. Canty, S. W. J., & Deichmann, J. L. (2022). Do small-scale fisheries have the capacity to 

provide food security to coastal populations? Fish and Fisheries, 23(3), 708–718. 

https://doi.org/10.1111/faf.12643 

12. Cartamil, D., Santana-Morales, O., Escobedo-Olvera, M., Kacev, D., Castillo-Geniz, L., 

Graham, J. B., Rubin, R. D., & Sosa-Nishizaki, O. (2011a). The artisanal elasmobranch 

https://doi.org/10.1016/j.marpol.2016.05.009
https://doi.org/10.1016/j.marpol.2016.05.009
https://doi.org/10.1016/j.marpol.2017.05.019
https://doi.org/10.1016/j.marpol.2017.05.019
https://doi.org/10.1016/j.marpol.2012.06.003
https://doi.org/10.1007/978-94-017-8917-2_4
https://doi.org/10.1111/faf.12643
https://doi.org/10.1111/faf.12643


fishery of the Pacific coast of Baja California, Mexico. Fisheries Research, 108(2–3), 

393–403. https://doi.org/10.1016/j.fishres.2011.01.020 

13. Cattano, C., Claudet, J., Domenici, P., & Milazzo, M. (2018). Living in a high CO2 

world: A global meta-analysis shows multiple trait-mediated fish responses to ocean 

acidification. Ecological Monographs, 88(3), 320–335. https://doi.org/10.1002/ecm.1297 

14. Cheng, L., Zhu, J., Abraham, J., Trenberth, K. E., Fasullo, J. T., Zhang, B., Yu, F., Wan, 

L., Chen, X., & Song, X. (2019). 2018 Continues Record Global Ocean Warming. 

Advances in Atmospheric Sciences, 36(3), 249–252. https://doi.org/10.1007/s00376-019-

8276-x 

15. Cheung, W. W. L., Lam, V. W. Y., Sarmiento, J. L., Kearney, K., Watson, R., & Pauly, 

D. (2009). Projecting global marine biodiversity impacts under climate change scenarios. 

Fish and Fisheries, 10(3), 235–251. https://doi.org/10.1111/j.1467-2979.2008.00315.x 

16. Chuenpagdee, R., Rocklin, D., Bishop, D., Hynes, M., Greene, R., Lorenzi, M. R., & 

Devillers, R. (2019). The global information system on small-scale fisheries (ISSF): A 

crowdsourced knowledge platform. Marine Policy, 101, 158–166. 

https://doi.org/10.1016/j.marpol.2017.06.018 

17. Cinti, A., Duberstein, J. N., Torreblanca, E., & Moreno-Báez, M. (2014). Overfishing 

Drivers and Opportunities for Recovery in Small-Scale Fisheries of the Midriff Islands 

Region, Gulf of California, Mexico: The Roles of Land and Sea Institutions in Fisheries 

Sustainability. Ecology and Society, 19(1). https://www.jstor.org/stable/26269482 

18. Comte, A. (2020). Structuring the Discussion on the Multiple Threats of Climate Change 

to Fisheries around Impact Pathways and Adaptation Pathways. One Earth, 2(6), 528–

529. https://doi.org/10.1016/j.oneear.2020.05.017 

https://doi.org/10.1016/j.fishres.2011.01.020
https://doi.org/10.1002/ecm.1297
https://doi.org/10.1007/s00376-019-8276-x
https://doi.org/10.1007/s00376-019-8276-x
https://doi.org/10.1111/j.1467-2979.2008.00315.x
https://doi.org/10.1016/j.marpol.2017.06.018
https://doi.org/10.1016/j.marpol.2017.06.018
https://www.jstor.org/stable/26269482
https://doi.org/10.1016/j.oneear.2020.05.017


19. Cordón Lagares, E., García Ordaz, F., & García del Hoyo, J. J. (2016). The determinants 

that cause small-scale vessels to exit fishing: The case of the Spanish small-scale purse 

seine fishery. Fisheries Research, 181, 155–162. 

https://doi.org/10.1016/j.fishres.2016.04.015 

20. Cruz-Torres, M. L. (2001). Local-Level Responses to Environmental Degradation in 

Northwestern Mexico. Journal of Anthropological Research, 57(2), 111–136. 

https://doi.org/10.1086/jar.57.2.3631563 

21. De la Cruz-González, F. J., Patiño-Valencia, J. L., Luna-Raya, Ma. C., & Cisneros-

Montemayor, A. M. (2018a). Self-empowerment and successful co-management in an 

artisanal fishing community: Santa Cruz de Miramar, Mexico. Ocean & Coastal 

Management, 154, 96–102. https://doi.org/10.1016/j.ocecoaman.2018.01.008 

22. Deb, A. K., & Haque, C. E. (2017). Multi-dimensional coping and adaptation strategies 

of small-scale fishing communities of Bangladesh to climate change induced stressors. 

International Journal of Climate Change Strategies and Management, 9(4), 446–468. 

https://doi.org/10.1108/IJCCSM-06-2016-0078 

23. Del Monte Luna, P., Moncayo Estrada, R., & Sánchez González, S. (2001). 

Determinación de la especie objetivo en la captura comercial en La Cruz de Huanacaxtle, 

Nayarit, México, de 1987 a 1997. Ciencia Pesquera, 127–130. 

24. U.S. Environmental Protection Agency. (2024, March 14). Basic information about 

estuaries. https://www.epa.gov/nep/basic-information-about-estuaries 

25. Finkbeiner, E. M. (2015). The role of diversification in dynamic small-scale fisheries: 

Lessons from Baja California Sur, Mexico. Global Environmental Change, 32, 139–152. 

https://doi.org/10.1016/j.gloenvcha.2015.03.009 

https://doi.org/10.1016/j.fishres.2016.04.015
https://doi.org/10.1016/j.fishres.2016.04.015
https://doi.org/10.1086/jar.57.2.3631563
https://doi.org/10.1086/jar.57.2.3631563
https://doi.org/10.1086/jar.57.2.3631563
https://doi.org/10.1016/j.ocecoaman.2018.01.008
https://doi.org/10.1108/IJCCSM-06-2016-0078
https://doi.org/10.1108/IJCCSM-06-2016-0078
https://www.epa.gov/nep/basic-information-about-estuaries
https://www.epa.gov/nep/basic-information-about-estuaries
https://doi.org/10.1016/j.gloenvcha.2015.03.009
https://doi.org/10.1016/j.gloenvcha.2015.03.009
https://doi.org/10.1016/j.gloenvcha.2015.03.009


26. Flores-Verdugo, F., Amezcua, F., Kovacs, J., Serrano, D., & Blanco y Correa, M. (2014). 

Changes in the hydrologic al regime of coastal lagoons affect artisanal fisheries: The 

case of the mangrove-estuarine complex of Marismas Nacionales (Pacific coast of 

Mexico) (pp. 81–91). https://doi.org/10.1007/978-94-017-8917-2_6 

27. Food and Agriculture Organization of the United Nations. (2018). The State of World 

Fisheries and Aquaculture 2018 - Meeting the sustainable development goals. 

https://openknowledge.fao.org/items/87109e17-2bb7-4d20-874b-160ac0a2b131 

28. Food and Agriculture Organization of the United Nations. (2024). Mexico—Fishery and 

Aquaculture Country Profiles. https://www.fao.org/fishery/en/countrysector/naso_mexico 

29. Galappaththi, E. K., Susarla, V. B., Loutet, S. J. T., Ichien, S. T., Hyman, A. A., & Ford, 

J. D. (2022). Climate change adaptation in fisheries. Fish and Fisheries, 23(1), 4–21. 

https://doi.org/10.1111/faf.12595 

30. Galván-Villa, C., Arreola, J. L., Rios-Jara, E., & Rodriguez Zaragoza, F. (2010). Reef 

fish assemblages and their relation with the benthic habitat of Isabel Island, Nayarit, 

México. Revista de Biologia Marina y Oceanografia, 45, 311–324. 

31. Gonzalez-Mon, B., Bodin, Ö., Lindkvist, E., Frawley, T. H., Giron-Nava, A., Basurto, X., 

Nenadovic, M., & Schlüter, M. (2021). Spatial diversification as a mechanism to adapt to 

environmental changes in small-scale fisheries. Environmental Science & Policy, 116, 

246–257. https://doi.org/10.1016/j.envsci.2020.11.006 

32. Gough, C. L. A., Dewar, K. M., Godley, B. J., Zafindranosy, E., & Broderick, A. C. 

(2020). Evidence of Overfishing in Small-Scale Fisheries in Madagascar. Frontiers in 

Marine Science, 7. https://doi.org/10.3389/fmars.2020.00317 

https://doi.org/10.1007/978-94-017-8917-2_6
https://doi.org/10.1007/978-94-017-8917-2_6
https://openknowledge.fao.org/items/87109e17-2bb7-4d20-874b-160ac0a2b131
https://openknowledge.fao.org/items/87109e17-2bb7-4d20-874b-160ac0a2b131
https://openknowledge.fao.org/items/87109e17-2bb7-4d20-874b-160ac0a2b131
https://www.fao.org/fishery/en/countrysector/naso_mexico
https://www.fao.org/fishery/en/countrysector/naso_mexico
https://doi.org/10.1111/faf.12595
https://doi.org/10.1111/faf.12595
https://doi.org/10.1016/j.envsci.2020.11.006
https://doi.org/10.3389/fmars.2020.00317


33. Gutiérrez, N. L., Hilborn, R., & Defeo, O. (2011). Leadership, social capital and 

incentives promote successful fisheries. Nature, 470(7334), 386–389. 

https://doi.org/10.1038/nature09689 

34. Hayashida Carrillo, A. H., Rolón Sánchez, J. E., & Leal Cota, V. (2022). Metrics of open 

government in Mexican fisheries. Journal of Rural Studies, 92, 462–472. 

https://doi.org/10.1016/j.jrurstud.2019.07.007 

35. Hernández-Guerrero, F., González-Bernal, V. M., Del Real-Flores, J. H., & Martínez-

Rivera, J. I. (2020). Poverty and marginalization in Nayarit, México: Four communities 

of the Aguamilpa hydroelectric dam. Journal of Microfinance Planning and Control, 17–

34. https://doi.org/10.35429/JMPC.2020.17.6.17.34 

36. Ilosvay, X. É. E., Molinos, J. G., & Ojea, E. (2022). Stronger adaptive response among 

small-scale fishers experiencing greater climate change hazard exposure. 

Communications Earth & Environment, 3(1), 1–9. https://doi.org/10.1038/s43247-022-

00577-5 

37. Jankowski, P. (2009). Towards participatory geographic information systems for 

community-based environmental decision making. Journal of Environmental 

Management, 90(6), 1966–1971. https://doi.org/10.1016/j.jenvman.2007.08.028 

38. Jurado-Molina, J., Flores-Olivares, J., Hernández-López, C. H., Villaseñor-Talavera, R., 

Mendoza-Munguía, J. A., Jurado-Molina, J., Flores-Olivares, J., Hernández-López, C. H., 

Villaseñor-Talavera, R., & Mendoza-Munguía, J. A. (2022). Preliminary information for 

the small-scale yellowfin tuna fishery management in Nayarit, Mexico. Ciencias 

Marinas, 48. https://doi.org/10.7773/cm.y2022.3275 

https://doi.org/10.1038/nature09689
https://doi.org/10.1038/nature09689
https://doi.org/10.1016/j.jrurstud.2019.07.007
https://doi.org/10.1016/j.jrurstud.2019.07.007
https://doi.org/10.35429/JMPC.2020.17.6.17.34
https://doi.org/10.1038/s43247-022-00577-5
https://doi.org/10.1038/s43247-022-00577-5J
https://doi.org/10.1038/s43247-022-00577-5J
https://doi.org/10.1016/j.jenvman.2007.08.028
https://doi.org/10.1016/j.jenvman.2007.08.028
https://doi.org/10.7773/cm.y2022.3275


39. Kluger, L. C., Alff, H., Alfaro-Córdova, E., & Alfaro-Shigueto, J. (2020). On the move: 

The role of mobility and migration as a coping strategy for resource users after abrupt 

environmental disturbance – the empirical example of the Coastal El Niño 2017. Global 

Environmental Change, 63, 102095. https://doi.org/10.1016/j.gloenvcha.2020.102095 

40. Kulp, S. A., & Strauss, B. H. (2019). New elevation data triple estimates of global 

vulnerability to sea-level rise and coastal flooding. Nature Communications, 10(1), 4844. 

https://doi.org/10.1038/s41467-019-12808-z 

41. Le Cornu, E., Doerr, A. N., Finkbeiner, E. M., Gourlie, D., & Crowder, L. B. (2018). 

Spatial management in small-scale fisheries: A potential approach for climate change 

adaptation in Pacific Islands. Marine Policy, 88, 350–358. 

https://doi.org/10.1016/j.marpol.2017.09.030 

42. Leibbrandt, A., Puerto, S., & Vélez, M. A. (2021). Regrouping to Reduce Overfishing: 

Evidence from a Series of Lab-in-the-Field Experiments in Mexico. Marine Resource 

Economics, 36(4), 319–340. https://doi.org/10.1086/715442 

43. Lithgow, D., Martínez, M. L., Gallego-Fernández, J. B., Pérez-Maqueo, O., & Silva, R. 

(2020). Assessing the current state and restoration needs of the beaches and coastal dunes 

of Marismas Nacionales, Nayarit, Mexico. Ecological Indicators, 119, 106859. 

https://doi.org/10.1016/j.ecolind.2020.106859 

44. Liu, A.J., Cameron, G.N. (2001). Analysis of landscape patterns in coastal wetlands of 

Galveston Bay, Texas (USA). Landscape Ecology 16, 581–595. 

https://doi.org/10.1023/A:1013139525277 

45. López-Pérez, A., Cupul-Magaña, A., Ahumada-Sempoal, M. A., Medina-Rosas, P., 

Reyes-Bonilla, H., Herrero-Pérezrul, M. D., Reyes-Hernández, C., & Lara-Hernández, J. 

https://doi.org/10.1016/j.gloenvcha.2020.102095
https://doi.org/10.1038/s41467-019-12808-z
https://doi.org/10.1038/s41467-019-12808-z
https://doi.org/10.1016/j.marpol.2017.09.030
https://doi.org/10.1016/j.marpol.2017.09.030
https://doi.org/10.1086/715442
https://doi.org/10.1016/j.ecolind.2020.106859
https://doi.org/10.1016/j.ecolind.2020.106859
https://doi.org/10.1016/j.ecolind.2020.106859
https://doi.org/10.1023/A:1013139525277
https://doi.org/10.1023/A:1013139525277
https://doi.org/10.1023/A:1013139525277


(2016). The coral communities of the Islas Marías archipelago, Mexico: Structure and 

biogeographic relevance to the Eastern Pacific. Marine Ecology, 37(3), 679–690. 

https://doi.org/10.1111/maec.12337 

46. Luckhurst, B. E., & Trott, T. M. (2009). Seasonally-Closed Spawning Aggregation Sites 

for Red Hind (Epinephelus guttatus): Bermuda’s Experience over 30 years (1974 – 

2003). Gulf and Caribbean Fisheries Institute Proceedings, 331-336. 

http://hdl.handle.net/1834/31557 

47. Mcclanahan, T., & Mangi, S. (2004). Gear-based management of a tropical artisanal 

fishery based on species selectivity and capture size. Fisheries Management and Ecology, 

11, 51–60. https://doi.org/10.1111/j.1365-2400.2004.00358.x 

48. Mega, E. R. (2019). Mexican ecologists push to transform prison island into nature 

reserve. Nature, 568(7752), 287–288. https://doi.org/10.1038/d41586-019-01030-y 

49. Monroy, C., Salas, S., & Bello-Pineda, J. (2010). Dynamics of Fishing Gear and Spatial 

Allocation of Fishing Effort in a Multispecies Fleet. North American Journal of Fisheries 

Management, 30(5), 1187–1202. https://doi.org/10.1577/M09-101.1 

50. Newton, K., Côté, I. M., Pilling, G. M., Jennings, S., & Dulvy, N. K. (2007). Current and 

Future Sustainability of Island Coral Reef Fisheries. Current Biology, 17(7), 655–658. 

https://doi.org/10.1016/j.cub.2007.02.054 

51. Noguera-Muñoz, F. A., García García, B., Ponce-Palafox, J. T., Wicab-Gutierrez, O., 

Castillo-Vargasmachuca, S. G., & García García, J. (2021). Sustainability Assessment of 

White Shrimp (Penaeus vannamei) Production in Super-Intensive System in the 

Municipality of San Blas, Nayarit, Mexico. Water, 13(3), Article 3. 

https://doi.org/10.3390/w13030304 

https://doi.org/10.1111/maec.12337
https://doi.org/10.1111/maec.12337
https://aquadocs.org/handle/1834/17563
https://aquadocs.org/handle/1834/17563
http://hdl.handle.net/1834/31557
http://hdl.handle.net/1834/31557
http://hdl.handle.net/1834/31557
https://doi.org/10.1111/j.1365-2400.2004.00358.x
https://doi.org/10.1038/d41586-019-01030-y
https://doi.org/10.1038/d41586-019-01030-y
https://doi.org/10.1577/M09-101.1
https://doi.org/10.1016/j.cub.2007.02.054
https://doi.org/10.1016/j.cub.2007.02.054
https://doi.org/10.3390/w13030304
https://doi.org/10.3390/w13030304


52. Ojea, E., Lester, S. E., & Salgueiro-Otero, D. (2020). Adaptation of Fishing Communities 

to Climate-Driven Shifts in Target Species. One Earth, 2(6), 544–556. 

https://doi.org/10.1016/j.oneear.2020.05.012 

53. Ojeda-Ruiz, M. A., Marín-Monroy, E. A., Galindo-De la Cruz, A. A., & Cota-Nieto, J. J. 

(2019). Analysis and management of multi-species fisheries: Small-scale finfish fishery 

at Bahía Magdalena- Almejas, Baja California Sur, Mexico. Ocean & Coastal 

Management, 178, 104857. https://doi.org/10.1016/j.ocecoaman.2019.104857 

54. Páez-Osuna, F., Guerrero-Galván, S. R., & Ruiz-Fernández, A. C. (1999). Discharge of 

Nutrients from Shrimp Farming to Coastal Waters of the Gulf of California. Marine 

Pollution Bulletin, 38(7), 585–592. https://doi.org/10.1016/S0025-326X(98)00116-7 

55. Palacios-Hernández, E., Carrillo, L. E., Filonov, A., Brito-Castillo, L., & Cabrera-Ramos, 

C. E. (2010). Seasonality and anomalies of sea surface temperature off the coast of 

Nayarit, Mexico. Ocean Dynamics, 60(1), 81–91. https://doi.org/10.1007/s10236-009-

0244-z 

56. Papaioannou, E. A., Selden, R. L., Olson, J., McCay, B. J., Pinsky, M. L., & St. Martin, 

K. (2021). Not All Those Who Wander Are Lost – Responses of Fishers’ Communities to 

Shifts in the Distribution and Abundance of Fish. Frontiers in Marine Science, 8. 

https://doi.org/10.3389/fmars.2021.669094 

57. Pecl, G. T., Araújo, M. B., Bell, J. D., Blanchard, J., Bonebrake, T. C., Chen, I.-C., Clark, 

T. D., Colwell, R. K., Danielsen, F., Evengård, B., Falconi, L., Ferrier, S., Frusher, S., 

Garcia, R. A., Griffis, R. B., Hobday, A. J., Janion-Scheepers, C., Jarzyna, M. A., 

Jennings, S., … Williams, S. E. (2017). Biodiversity redistribution under climate change: 

https://doi.org/10.1016/j.oneear.2020.05.012
https://doi.org/10.1016/j.oneear.2020.05.012
https://doi.org/10.1016/j.ocecoaman.2019.104857
https://doi.org/10.1016/S0025-326X(98)00116-7
https://doi.org/10.1007/s10236-009-0244-z
https://doi.org/10.1007/s10236-009-0244-z
https://doi.org/10.1007/s10236-009-0244-z
https://doi.org/10.3389/fmars.2021.669094
https://doi.org/10.3389/fmars.2021.669094


Impacts on ecosystems and human well-being. Science, 355(6332), eaai9214. 

https://doi.org/10.1126/science.aai9214 

58. Prosperi, P., Kirwan, J., Maye, D., Bartolini, F., Vergamini, D., & Brunori, G. (2019). 

Adaptation strategies of small-scale fisheries within changing market and regulatory 

conditions in the EU. Marine Policy, 100, 316–323. 

https://doi.org/10.1016/j.marpol.2018.12.006 

59. Riehmann, P., Hanfler, M., & Froehlich, B. (2005). Interactive Sankey diagrams. IEEE 

Symposium on Information Visualization, 2005. INFOVIS 2005., 233–240. 

https://doi.org/10.1109/INFVIS.2005.1532152  

60. Rubio-Cisneros, N. T., Aburto-Oropeza, O., Jackson, J., & Ezcurra, E. (2017a). Coastal 

Exploitation Throughout Marismas Nacionales Wetlands in Northwest Mexico. Tropical 

Conservation Science, 10, 1940082917697261. 

https://doi.org/10.1177/1940082917697261 

61. Sala, E., Aburto-Oropeza, O., Reza, M., Paredes, G., & López-Lemus, L. G. (2004). 

Fishing Down Coastal Food Webs in the Gulf of California. Fisheries, 29(3), 19–25. 

https://doi.org/10.1577/1548-8446(2004)29[19:FDCFWI]2.0.CO;2 

62. Salgueiro-Otero, D., Barnes, M. L., & Ojea, E. (2022). Climate adaptation pathways and 

the role of social-ecological networks in small-scale fisheries. Scientific Reports, 12(1), 

15526. https://doi.org/10.1038/s41598-022-18668-w 

63. Samoilys, M. A., Osuka, K., Maina, G. W., & Obura, D. O. (2017). Artisanal fisheries on 

Kenya’s coral reefs: Decadal trends reveal management needs. Fisheries Research, 186, 

177–191. https://doi.org/10.1016/j.fishres.2016.07.025 

https://doi.org/10.1126/science.aai9214
https://doi.org/10.1126/science.aai9214
https://doi.org/10.1016/j.marpol.2018.12.006
https://doi.org/10.1016/j.marpol.2018.12.006
https://doi.org/10.1016/j.marpol.2018.12.006
https://doi.org/10.1109/INFVIS.2005.1532152
https://doi.org/10.1109/INFVIS.2005.1532152
https://doi.org/10.1177/1940082917697261
https://doi.org/10.1177/1940082917697261
https://doi.org/10.1177/1940082917697261
https://doi.org/10.1577/1548-8446(2004)29%5b19:FDCFWI%5d2.0.CO;2
https://doi.org/10.1577/1548-8446(2004)29%5b19:FDCFWI%5d2.0.CO;2
https://doi.org/10.1577/1548-8446(2004)29%5b19:FDCFWI%5d2.0.CO;2
https://doi.org/10.1038/s41598-022-18668-w
https://doi.org/10.1016/j.fishres.2016.07.025


64. Schuhbauer, A., Cisneros-Montemayor, A., Chuenpagdee, R., & Sumaila, U. (2019). 

Assessing the economic viability of small-scale fisheries: An example from Mexico. 

Marine Ecology Progress Series, 617–618, 365–376. https://doi.org/10.3354/meps12942 

65. Scott, S. D. (1967). West Mexican Prehistory, Part I. 

https://www.academia.edu/download/75844266/W_Mex_Prehis_1.pdf 

66. Shaff, J. F., Medina Santiago, I. A., Elías Ilosvay, X., Tovar-Ávila, J., Ojea, E., 

Beaudreau, A. H., Caselle, J. E., & Aceves Bueno, E. (2023). Documenting historical 

changes in shark fisheries near Islas Marías, Mexico, using fishers’ local ecological 

knowledge. Fisheries Research, 265, 106748. 

https://doi.org/10.1016/j.fishres.2023.106748 

67. Shephard, S., Ryan, D., O’Reilly, P., & Roche, W. (2021). Using local ecological 

knowledge to inform semi-quantitative fishery surveillance indicators: An example in 

marine recreational angling. ICES Journal of Marine Science, 78(10), 3805–3816. 

https://doi.org/10.1093/icesjms/fsab234 

68. Shester, G. G., & Micheli, F. (2011). Conservation challenges for small-scale fisheries: 

Bycatch and habitat impacts of traps and gillnets. Biological Conservation, 144(5), 1673–

1681. https://doi.org/10.1016/j.biocon.2011.02.023 

69. Tholan, B., Carlson, P., Tortolero-Langarica, J. A., Ketchum, J. T., Trejo-Ramírez, A., 

Aceves-Bueno, E., & Caselle, J. E. (2020). The biodiversity of fishes at the Islas Marías 

Biosphere Reserve, Mexico, as determined by baited remote underwater video. Ciencias 

Marinas, 46(4), Article 4. https://doi.org/10.7773/cm.v46i4.3104 

70. US EPA. (2015). Basic Information about Estuaries. https://www.epa.gov/nep/basic-

information-about-estuaries 

https://doi.org/10.3354/meps12942
https://doi.org/10.3354/meps12942
https://www.academia.edu/download/75844266/W_Mex_Prehis_1.pdf
https://www.academia.edu/download/75844266/W_Mex_Prehis_1.pdf
https://www.academia.edu/download/75844266/W_Mex_Prehis_1.pdf
https://doi.org/10.1016/j.fishres.2023.106748
https://doi.org/10.1016/j.fishres.2023.106748
https://doi.org/10.1093/icesjms/fsab234
https://doi.org/10.1093/icesjms/fsab234
https://doi.org/10.1093/icesjms/fsab234
https://doi.org/10.1016/j.biocon.2011.02.023
https://doi.org/10.7773/cm.v46i4.3104
https://www.epa.gov/nep/basic-information-about-estuaries
https://www.epa.gov/nep/basic-information-about-estuaries


71. Villasante, S., Tubío, A., Gianelli, I., Pita, P., & García-Allut, A. (2021). Ever Changing 

Times: Sustainability Transformations of Galician Small-Scale Fisheries. Frontiers in 

Marine Science, 8. https://doi.org/10.3389/fmars.2021.712819 

72. World Bank Group. (2012). The Hidden Harvest. The global contribution of capture 

fisheries. http://documents.worldbank.org/curated/en/515701468152718292/Hidden-

harvest-the-global-contribution-of-capture-fisheries 

73.  
74. Young, T., Fuller, E. C., Provost, M. M., Coleman, K. E., St. Martin, K., McCay, B. J., & 

Pinsky, M. L. (2019). Adaptation strategies of coastal fishing communities as species 

shift poleward. ICES Journal of Marine Science, 76(1), 93–103. 

https://doi.org/10.1093/icesjms/fsy140 

 
 
APPENDIX 
 
 

https://doi.org/10.3389/fmars.2021.712819
http://documents.worldbank.org/curated/en/515701468152718292/Hidden-harvest-the-global-contribution-of-capture-fisheries
http://documents.worldbank.org/curated/en/515701468152718292/Hidden-harvest-the-global-contribution-of-capture-fisheries
http://documents.worldbank.org/curated/en/515701468152718292/Hidden-harvest-the-global-contribution-of-capture-fisheries
https://doi.org/10.1093/icesjms/fsy140
https://doi.org/10.1093/icesjms/fsy140
https://doi.org/10.1093/icesjms/fsy140


 
Study Site Location 
 



 
Responses of Fishers explaining why they relocated their fishing grounds. 
 


