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Abstract

Using Local Ecological Knowledge to Identify Adaptation Strategies Used in Western Nayarit’s
Fisher Communities

Aina Hori

Chair of Supervisory Committee:
Eréndira Aceves Bueno

School of Marine and Environmental Affairs

As climate change continues, it becomes increasingly crucial to understand its profound impacts
on small-scale fishers. The coast of Nayarit, Mexico, recognized as a climate change hotspot, is
home to vulnerable small-scale fishing communities. Utilizing local ecological knowledge
documented from Nayarit fishers, this study aims to identify their adaptive capacities from the
1960s to the 2020s. We analyze the adaptation strategies employed by fishers to sustain their
livelihoods. These strategies include diversifying their target species, switching their primary
target species, and changing the gear they utilize. Fishers are progressively broadening their
range of target species and switching their primary targets, acknowledging the diminishing
abundance of previously prevalent species. They exhibit more frequent changes in target species
than in the gear type used to catch them. By conducting a comprehensive analysis of these
adaptive measures and their impact, our study provides insights into the resilience of small-scale

fishers in facing environmental stressors.



Introduction

Small-scale fishers' livelihoods are deeply intertwined with the ebb and flow of our ever
changing oceans, which directly impacts the well-being of their families and local communities
(Macusi et al., 2021). In Mexico, approximately 260,000 small-scale fishers engage in fishing
operations characterized by individual, familial, and or small-group endeavors, employing
traditional and or artisanal methods (CONAPESCA, 2018). Despite the absence of a universal
definition, these fisheries typically involve small boats and gear that require relatively low
capital investment to target nearshore and or coastal stocks mainly sold in local markets (Smith
& Basurto, 2019). Small-scale fisheries are distinguished by their reliance on local knowledge
and skills, playing a crucial role in local food security, livelihoods, and cultural heritage (Macusi
et al., 2021; Smith & Basurto, 2019).

The ongoing impacts of anthropogenic climate change continue to reshape ocean and
coastal ecosystems (Perry et al., 2010). Those who depend on these systems, including
small-scale fishers, must adapt to these changes (Macusi et al., 2021). However, previous
literature suggests that small-scale fisheries with limited capital flexibility confront challenges in
adapting, heightening their vulnerability to disruptions induced by climate change (Allison &
Ellis, 2001). Adaptive capacity is defined as the ability to absorb stresses and maintain function
in the face of change to minimize impacts, recover, and seize new opportunities through
adaptation and transformation strategies (Adger, 2006; Grothmann & Patt, 2005). Fishers may
use specific adaptation strategies, or tactics, to accommodate shifts in species distribution and
preserve their financial stability while modifying social-ecological systems to enhance their
resilience (Ojea et al., 2020). Such strategies may involve targeting new species, diversifying

fishing gear, and finding new markets. Conversely, transformative strategies require systemic
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changes, altering the structure of the social-ecological system. Examples include shifting jobs
within the fisheries, exiting fisheries, and closing unsustainable operations (Ojea et al., 2020).
Analyses of small-scale fisheries development have tended to focus on the resources
small-scale fishers lack, such as decision-making infrastructure, finance, and technology, rather
than what they do have (Allison & Ellis, 2001; Green et al., 2021). Furthermore, recent studies,
particularly those in Mexico have focused on exploring transformative strategies involving
fishers exiting the industry (Ilosvay et al., 2022; Nomura et al., 2022). Nevertheless, there
remains a scarcity of information on adaptive responses when individuals remain within the
fisheries, exacerbated by the data-poor nature of many small-scale fisheries (Badjeck et al.,
2010). Investigating alternative strategies that fishers can employ beyond exiting the fisheries is
crucial for food security, cultural continuance, and sustainable fisheries management (Phelan et
al., 2023). Since every community has different access to assets, it is important to understand the
community-level responses to climate and overfishing stressors. Adaptive mechanisms can
include shifting target species, diversifying species portfolios, acquiring new assets, and
changing fishing grounds (Cinner et al., 2018; Kluger et al., 2019; Vargas et al., 2022). Fishers
may shift target species in response to overexploitation or population declines due to climate
stressors (Kluger et al., 2019). Diversification strategies entail expanding the range of targeted
species to mitigate risks associated with fluctuations in the abundance of any single species,
changes in market demand, or regulatory shifts (Beaudreau et al., 2018; Vargas et al., 2022).
Fishers observing shifts in species ranges may acquire different assets, such as larger boats and
different gear (Cinner et al., 2018). It is important to note that while these changes can increase

the fishers’ adaptive capacity, they may entail ecological consequences (Cinner et al., 2009).
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The coastal region of Nayarit, Mexico, renowned as the national producer of Pacific red
snapper (Lutjanus peru), is a climate change hotspot, where local communities have felt and
perceived the climate change impacts (Ilosvay et al., 2022). Coastal climate change hotspots, like
Nayarit, are subject to extreme exposure to cumulative climate-related hazards, including
increases in sea-surface temperature, tropical storms, and marine heatwaves, compared to other
coastal regions worldwide (Giorgi, 2006; Ilosvay et al., 2022; Turco et al., 2015).

In this study, we aimed to uncover the adaptive strategies employed by fishers, guided by
their rich local ecological knowledge, to address environmental challenges in Western Nayarit's
fisher communities. While fishers can use various adaptive and transformative strategies to
reduce environmental impacts, the objective of this paper was to perform an in-depth analysis of
adaptive strategies. We asked whether small-scale fishers in Western Nayarit employ adaptation
strategies to reinforce the social-ecological system and maintain their livelihoods and, if so, how.
We hypothesized that small-scale fishers in Western Nayarit can employ adaptation strategies to
reinforce the social-ecological system they are part of and maintain their livelihoods by 1)
shifting their target species 2) diversifying their target species portfolios and/or 3) introducing
new gear. To answer these questions, members of our team and community partners conducted
fieldwork in 2021, engaging in semi-structured interviews with fishers across six coastal
communities. Using the interview data, we analyzed historical changes in target species and gear
used since the 1960s, and reasons behind these changes. Our research highlights the adaptive
capacities of small-scale fishers in Western Nayarit, providing insights into social-ecological
resilience dynamics and informing strategies for community livelihoods and sustainable

small-scale fisheries management.
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Methods

From August to September 2021, members of our team and community partners
conducted face-to-face semi-structured interviews with 102 fishers representing multiple
generations at six coastal fishing communities in Nayarit state, Mexico. These communities are:
Boca de Asadero, Boca de Camichin, Chacala, La Cruz de Huanacaxtle, La Penita de Jaltemba,
and San Blas. Fishers interviewed were selected based on their current or previous involvement
in fishing activities, identified by researchers at the National Fisheries and Aquaculture Institute
(INAPESCA) of Mexico. Initially, key interviewees were identified, and additional participants
were recruited through snowball sampling. Prior to commencing interviews, participants were
given a non-technical overview of the research objectives and assured of the confidentiality of
their responses. They were also informed that they could choose to skip any questions and or end
the interview at any time. These interviews were conducted in compliance with the University of
Washington Human Subjects Division (protocol no. 13209).

The interviews, lasting between 30-60 minutes, began with inquiries into the fishers’
backgrounds to gather demographic and activity-related information. Demographic questions
such as “What is your age, and at what age did you start fishing?”” were asked to link
observations to their age rather than specific time periods in which they fished, which is much
more difficult to recall. Questions like “Are you currently actively engaged in fishing?”, and
“How frequently do you fish?” ensures participants were actively involved in the fishery and not
just occasional recreational fishers. Individuals who responded as never or only fishing once
were removed from the analysis. To understand the fishers’ target species and the gear they
utilized for these species, questions included “What are your top three most important target

species for each decade in which you fished?”” and “What type of equipment did you use for your



top three targeted species for each decade in which you fished?” Fishers were also prompted to
explain any observed changes in their target species and gear used over time. The interview
questions are listed in Appendix A.

To prepare the data for analysis, we initially verified the year of fishing activity based on
the interviewees’ ages, ensuring alignment with the specified decades from the 1960s to 2020s.
Subsequently, we reviewed responses to identify and correct any typographical errors in listed
fish species and gear and removed any missing data. Since interviews were conducted in Spanish
and fishers referred to species by their common names, we cross-referenced these names with
scientific nomenclature using sources such as FishBase (Froese & Pauly, 2024), MexFish
archives (MexFish, 2024), and peer-reviewed articles. These sources provide comprehensive
information on fish taxonomy, geographic distribution, habitats, behavior, and morphology.
These species were identified to their lowest possible taxonomic level. Gear terminology was
translated using Google Translate. To ensure these translations were accurate, we verified them
with a local fisheries research collaborator (Javier Tovar, INAPESCA, pers. comm.). The gear
“virola” could possibly refer to lure used by recreational fishers, but we were unable to confirm
this information with our local collaborators. Since it could not be identified, “virola” was
omitted from the study. We believe that this did not greatly alter our results since “virola” was
mentioned by only 10 fishers as their main fishing gear and by 20 fishers in total. For
comparison “hook and line” was mentioned by 149 fishers as their main fishing gear and by 251
fishers in total.

After organizing the data, we tallied the number of fishers reporting each species in each
decade to compute frequencies. These frequencies were then divided by the total number of

responses in each decade to derive relative frequencies for each target species. Similarly, we



calculated relative frequencies for the gear type used across all decades by expressing the
proportions of fishers mentioning each gear type relative to the total number of respondents in
each decade. These relative frequencies were represented in a matrix (Figures 1 and 4) using
Microsoft Excel, providing a visual representation of species and gear diversification trends in
the studied communities. Additionally, we tabulated the number of unique species and gear types
mentioned as primary, secondary and tertiary targeted species by fishers in each decade. We
divided these tallies by the total number of fishers that responded in each decade to compute
relative species and gear mention frequencies per decade. A subsample of these relative
frequencies, which included only the primary targeted species, was then used to create Sankey
plots using the ggsankey package by David Sjoberg (davidsjoberg), publicly available on GitHub
(Figures 2 and 5). These diagrams visualize the proportions of fishers who changed their primary
target species and primary gear between decades, aiding in illustrating the flow and transitions
across the species and gear used from the 1960s to 2020s.

Lastly, we reviewed the reasons for fishers changing their primary target species and
conducted a thematic analysis and grouped similar responses into the following categories:
biological factors, climate change, competition, enforcement/policy, market-driven factors, new
equipment/skills, pollution, and warming waters (Lester et al., 2020). We then visualized these
data in a stacked histogram (Figure 3). Biological reasons include changes in spawning patterns,
declines in fish abundance, and reductions in species diversity. Climate change was defined by
interviewees as anthropogenic climate change altering environmental conditions affecting marine
ecosystems. Competition encompassed the increased presence of fishers and boats or perceived
growth of the industrial fishing fleet. Enforcement/policy factors involved closures and

regulatory actions such as shark bans. Market driven reasons included buyers accepting new
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species. New equipment/skills referred to advancement in fishing gear and techniques. Pollution
was considered as a factor affecting fish populations such as runoff from shrimp farms. Lastly,
warming waters denoted rising sea temperatures. Additionally, we examined the reasons for
fishers changing their gear type, which were described as there were only six responses from the

1990s to 2020s.

Results

Fieldwork Observations

Fieldwork observations revealed that Boca de Asadero described their community as a small
town with 15 local fishers and 85 fishers from surrounding areas, typically fishing within a
four-mile radius. Their pier is located at the mouth of the Rio Grande de Santiago, and they noted
that their fishing production is highly dependent on water supply and quality, as nearby shrimp
farms divert water from the estuary they fish in and pollute the water. In Boca de Camichin,
oyster farming is the primary activity, with approximately 200 members in the Ostricamichin
cooperative. In contrast, many fishers from Chacala have shifted their focus to tourism. During
the 1980s, Chacala served as a hub for young fishermen venturing into shark fishing, primarily
due to the PIDER-PESCA initiative. This government scheme involved shark fishing in various
regions. Eventually, the value of sharks declined, leading the government to provide fishing
cooperatives with loans for shrimp boats, enabling the same fishermen to sustain their
livelihoods, extending into the early 2000s. La Cruz de Huanacaxtle is home to approximately
200 fishers, who primarily described Pacific red snapper as their main target species. However,
over the years, they shifted their focus to yellowfin tuna (Thunnus albacares) due to high market

prices. La Peiiita de Jaltemba consists of about 150 fishers in four or five cooperatives who take



daily trips, often using gillnets. Older fishers expressed dissatisfaction with younger generations’
practices, such as capturing juvenile Pacific red snapper for ceviche. Other commonly caught
species include various snapper (Lutjanus spp.), jacks (Caranx spp.), mahi mahi (Coryphaena
hippurus), and yellowfin snook (Centropomus robalito). San Blas is the largest fishing
community interviewed, with over 2,000 fishers. Fishers stay near shore and fish in the estuary;
however, shrimp farms have altered the hydrology and contaminated the water with copper
sulfate. Thus, fishers have ventured further with a diverse array of vessels and gear to target

various species and cover the high trip costs.

Fishing Portfolios

Small-scale fishers harvested a diverse range of target species over the decades, leading
to shifts in the composition of fishing portfolios in Western Nayarit, including diversification to
new species (Figure 1). Certain species, such as yellowfin snook, prawns (Litopenaeus spp.),
Mojarra (Eucinostomus spp.), snappers, cartilaginous fishes (Elasmobranchii), Pacific sierras
(Scomberomorus sierra), and Gulf weakfish (Cynoscion spp.), were consistently targeted, while
other species showed fluctuating trends. Over the years, new species emerged as targets for
fishers, while the proportions of others declined. For instance, the proportions of mullets (Mugil
spp.), finescale triggerfish (Balistes polylepis), jacks (Caranx spp.), and mahi mahi (Coryphaena
hippurus) increased from the 1970s onwards. Conversely, the proportions of some species, such
as groupers (Epinephelus spp.), seabass (Serranidae spp.), narrow-headed puffers (Sphoeroides
angusticeps), Gulf coneys (Hyporthodus acanthistius), cod (Gadus spp.), bonito (Sarda spp.),
loggerhead sea turtles (Caretta caretta), and grunts (Rhencus spp.), experienced declines or even

disappeared from the dataset entirely. Relative frequencies of certain species showed



habitat-specific patterns. Species primarily associated with estuarine environments maintained

relatively stable proportions over time, reflecting the consistent importance of estuarine habitats

to fishers. From the 1990s, all estuarine species were targeted consistently, with the exception of

Cortez oysters. In contrast, species inhabiting rocky reefs, pelagic waters, and demersal zones

exhibited more varied trends, possibly influenced by the use of non-selective fishing gear.

Relative Frequency Matrix of Fishers' Top Three Targeted Species from 1960s - 2020s
Habitat  Scientific Name English Common Name _ Spanish Common Name _ 1960s_1970s 1980s 1990s 2000s 2010s_2020s
Centropomus robalito Yellowfin snoock Robalo _
> Mugil spp. Mullet Lisa
g Litopenaeus spp. Prawn Camarén
E Eucinostomus spp. Mojarra Mojarra
Bagre panamensis Chihuil sea catfish Chihuil
Crassostrea corteziensis Cortez oyster Ostion
Lutjanus spp. Snapper Flamenco, Lunarejo, Pargo _
Lutjanus peru Pacific red snapper Guacho, Huachinango
Balistes polylepis Finescale triggerfish Bota
Caranx spp. Jack Cocinero, Toro
< Haemulon spp. Scaled-fin grunt Burro
S Acanthurus xanthopterus  Yellowfin tang Cirujano
=z Epinephelus spp. Grouper Cabrilla
é Serranidae Sea bass Joselilo
Sphoeroides angusticeps Narrow-headed puffer  Botete
Hyporthodus acanthistius Gulf coney Baqueta
Chaetodipterus faber Atlantic spadefish Chabela
Hoplopagrus guentherii Mexican barred snapper Coconaco
Gymnothorax mordax California moray Morena
Elasmabranchii Cartilaginous fish Cazon, Tiburon —
Scomberomorus sierra Pacific sierra Sierra
Coryphaena hippurus Mahi-mahi Dorado
Sphyraena spp. Barracuda Vicuda
o Thunnus albacares Yellowfin tuna Aleta
2 Gadus spp. Cod Bacalao
E Sarda spp. Bonito Bonito
Nematistius pectoralis Roosterfish Gallo
Istiophorus platypterus Indo-Pacific sailfish Vela
Cetengraulis mysticetus Pacific anchoveta Sardina
Kajikia audax Striped marlin Marlin
Caretta caretta Loggerhead sea turtle Caguama
B Cynoscion spp. Gulf weakfish Corvina _
o Batoides Ray Manta
s Micropogonias spp. Gulf croaker Berrugata
o Rhencus spp. Grunt Ronco

Fig. 1. Relative frequency matrix depicting the top three target species by fishers from the 1960s

to the 2020s, arranged according to the habitat they inhabit as adults. The species’ scientific



name, English common name, and Spanish common name are listed in the columns. Each cell in
the matrix represents the relative frequency of a target species in the corresponding decade. The
matrix is color-coded on a gradient scale, with red indicating the highest frequencies (0.36-0.70),
light red representing intermediate frequencies (0.01-0.35), and white indicating the lowest
frequencies (0).

We were interested in understanding the individual fisher’s adaptive strategies, so we
constructed a Sankey diagram of the fishers’ top target species (Figure 2). Between the 1960s
and 2020s, 18 primary species were targeted, exhibiting dynamic shifts in fishers' target
preferences. Throughout the decades under scrutiny, a consistent set of five species remained
targeted from the 1960s onwards: yellowfin snook, cartilaginous fishes, prawns, Pacific red

snapper, and other snappers.
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Fishers’ Main Targeted Species from 1960s - 2020s
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Fig. 2. Sankey diagram illustrating the primary species targeted by fishers from the 1960s to the
2020s. The x-axis denotes the decades, while the y-axis represents the percentage of species
targeted. Nodes within the diagram represent individual species, classified to the lowest
identifiable level, each assigned a unique color. The ribbons connecting columns show shifts (or
consistency) in targeting practices from one decade to the next. The percentage in each node

represents the proportion of fishers targeting that species in that decade.

The targeting of yellowfin snook (robalo) remained relatively stable, with approximately
10 to 15% of interviewees per decade referring to it as their main target species (Figure 2). Most
fishers who switched from yellowfin snook targeted Pacific red snappers from the 1970s to

2000s, other snappers in the 2010s, and Pacific sierras in the 2020s.



Cartilaginous fishes (cazon or tiburon) were targeted in every decade from the 1960s to
the 2020s. Between the 1960s and the 2000s, approximately 10 to 16% of interviewees per
decade referred to cartilaginous fishes as their primary target species. However, these proportions
dropped to just 1% in the 2010s and 2020s. Fishers previously targeting elasmobranchs shifted
their focus to a range of other species, primarily Pacific red snappers, yellowfin snook, and
Pacific sierras.

Prawns (camardn) were targeted by 10% of interviewees in the 1960s, but this dropped to
approximately 2 to 8% per decade between the 1970s and the 2020s. All fishers targeting prawns
in the 1960s switched to targeting the narrow-headed puffer. In recent years, most fishers
targeting prawns continued to do so, while some fishers switched to targeting barracuda
(Sphyraena spp.) and finescale triggerfish.

Pacific red snapper (guacho or huachinango) consistently remained a highly targeted
species. From the 1960s to the 2010s, it accounted for the highest proportion of all targeted
species, with 23 to 40% of fishers per decade mentioning it as their primary species. In the
2020s, it became the second most targeted species with 19% of fishers identifying it as their
primary species.

Other snappers (flanco, lunarejo, or pargo) were being targeted by 30% of fishers in the
1960s, but this fell to approximately 4 to 11% of fishers per decade from the 1970s to the 2020s.
All fishers targeting other snappers in the 1960s switched to targeting Pacific red snappers in the
following decade. However, from the 2000s onwards, in addition to targeting Pacific red
snappers, fishers continued to target other snappers as well as oysters (Crassostrea corteziensis)

and yellowfin snook.



As fishers diversified their target species, there was a noticeable shift towards targeting
more pelagic species. This includes Pacific sierras (sierras), which were being targeted from the
1970s onwards by approximately 8 to 20% of fishers per decade. Another pelagic species that
appeared as a primary target was mahi mahi (dorado) from the 1990s onwards. Mahi mahi made
up 3.1% of the target species in the 1990s, increasing to 9 to 12% per decade between the 2000s
and 2020s. Lastly, yellowfin tuna (aleta) emerged as a target species in the 2010s and 2020s,
making up 6 to 7% of the target species per decade. Although yellowfin tuna only emerged as a
primary target species in later decades, the relatively consistent and high proportion indicates
that it may be gaining importance as a target species in pelagic environments, reflecting the
broader trend of fishers switching to pelagic species as observed in Figure 2.

Fishers changed their target species due to a variety of factors, including biological
changes, climate change, competition, enforcement/policies, market demands, technological
advancements, pollution, and warming waters (Figure 3). These shifts were sometimes driven by
biological factors beyond their control, such as changes in fish abundance and or distribution.
Responses related to warming waters and climate change started appearing in the 1980s and
2000s, respectively. Additionally, the number of fishers reporting shifts due to competition
increased from the 1970s to the 2000s. Occasional responses were related to enforcement/policy,
particularly in the 1980s and the 2010s. The number of fishers switching due to market-driven
reasons fluctuated over the years but generally remained small. There was an increase in the
number of fishers switching due to acquiring new equipment or skills, particularly noticeable in
the 2000s. Responses related to pollution appeared in every decade from the 1970s to the 2010s,
suggesting pollution may be a small but relevant factor driving fishers to leave polluted areas and

switch their target species as a result.



Fishers' Reasons for Changing Target Species
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Fig. 3. Stacked histogram showing the reasons why fishers’ changed their target species from the
1960s to 2020s. Each reason is assigned a unique color as shown in the legend to the right. The

x-axis denotes the decades while the y-axis represents the number of responses.

The two primary gear types used across all decades were hook and line and gillnets with
mesh sizes less than 8 inches (Figure 4). Hook and line emerged as the dominant gear type in the
1960s, constituting approximately 67% of gear usage. Starting from the 1970s, there was a
notable increase in the use of gillnets with small mesh sizes (< 8 inches), reaching approximately
51% of gear usage by the 1970s. Gillnets with small mesh sizes continued to be heavily used
across all decades. Over the decades, there was a steady decline in the proportion of fishers using
hook and line, dropping to around 25% by the 2020s. We observed an increase in longline usage

over the years, becoming more prominent by the 2000s and maintaining relatively stable usage



through the 2020s. Gillnets with larger mesh sizes (> 8 inches) and trawling methods were
utilized by a smaller proportion of fishers when targeting their primary, secondary, and tertiary
species. However, their usage remained relatively stable over the decades, with slight
fluctuations. Cast nets and harpoons constituted a small proportion of gear usage throughout the
decades. While cast nets saw a slight increase in usage in the 2020s, harpoons remained
negligible or nonexistent in terms of gear utilization. New gear types also emerged, such as
trolling lures and trammel nets, albeit with relatively low utilization compared to other methods.

These gear types may represent specialized techniques targeting specific species or habitats.

Relative Frequency Matrix of Fishers' Top Three Gear Types Used from 1960s - 2020s

English Gear Type Spanish Gear Type 1960s 1970s 1980s 1990s 2000s 2010s 2020s
Hook and line Cuerda —
Gillnet w/mesh size of < 8 Chinchorro

Cast net Atarraya

Longline Cimbra

Gillnet w/mesh size of >8 Enmalle

Trawling net Chango

Trammel net Trasmallo

Trap Trampas

Harpoon Arpon

Fig. 4. Relative frequency matrix depicting the gear types used to target fishers’ top three target
species by fishers from the 1960s to 2020s. The gear type is listed in English and Spanish in the
columns. Each cell in the matrix represents the relative frequency of a gear being used in the
corresponding decade. The matrix is color-coded on a gradient scale, with red indicating the
highest frequencies (0.35-0.67), light red representing intermediate frequencies (0.01-0.34), and

white indicating the lowest frequencies (0).



The changes in fishers’ gear usage from the 1960s to the 2020s reflected a shift from
traditional cast net and hook and line methods to the increased use of gillnets and longlines. The
utilization of hook and line among fishers for catching their main target species showed a steady
decline from 71.4% in the 1960s to 30.9% in the 2020s. Fishers predominantly using hook and
line shifted their gear towards gillnets and longlines. Gillnets emerged as the dominant gear type
from the 1970s onwards. The use of gillnets increased from being used by 14.3% of fishers in the
1960s to 52% of fishers by the 1970s, after which it was relatively consistent at 35-40% of
fishers in the 2000s-2020s. While the majority of fishers using gillnets continued to do so, some
transitioned to hook and line or longline gear. Initially representing 7.1% of gear used in the
1960s, cast nets fell out of use until their reappearance in the 2020s, comprising only 1% of
fishers who used this gear. Those using cast nets in the 1960s transitioned entirely to gillnets the
following decade. Throughout the decades, cast nets consistently constituted the smallest
proportion of primary gear used compared to other methods. Longline usage increased,
particularly after the 1980s, from 7.1% in the 1960s to 30-32% in the 2000s-2020s. While most
fishers utilizing longlines continued to do so, some shifted towards hook and line or gillnets.
Lastly, just 2% of fishers used trawl gear in the 1970s. The use of trawling remained relatively
stable over the decades, fluctuating between 1% and 4.5% of fishers using this gear in each
decade. The majority of fishers engaged in trawling persisted with this method, with only a

negligible proportion transitioning to hook and line.
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Fig. 5. Sankey diagram illustrating the primary gear used by fishers to catch their main target
species from the 1960s to the 2020s. The x-axis denotes the decades, while the y-axis represents
the percentage of gear utilized. Nodes within the diagram represent individual gear types, each
assigned a unique color. The ribbons connecting columns show shifts (or consistency) in gear
types from one decade to the next. The percentage in each node represents the proportion of

fishers utilizing that particular gear type in that decade.

Only six fishers spanning from the 1990s through the 2020s, shared reasons for their
switch in gear types. These reasons were: obtaining permission to use new gear types, gillnets
becoming ineffective for catching profitable fish, transitioning due to the difficulty of hook and
line, changing target species, resorting to gillnets for deeper fishing, and gear damage caused by

mahi mahi.



Discussion

The findings of this study reveal that small-scale fishers in Western Nayarit primarily
responded to social and environmental changes by adapting their target species to maintain their
livelihoods. We hypothesized that fishers would respond to declining fish abundance and
distributional shifts by switching their target species, diversifying their target species portfolios,
and introducing new gear (potentially to less ecologically sustainable options that may increase
bycatch). We observed evidence of fishers shifting their target species and diversifying their
portfolios, but we did not find evidence of significant changes in gear types. This stability in gear
use is likely due to the versatility of small-scale fishers’ existing gear, allowing them to catch
multiple species without needing to switch equipment. Over seven decades of data, the
adaptability of small-scale fisheries is evident through shifts in target species and diversification
while consistently utilizing the gear they have, highlighting the resilience and adaptability of
fisher communities in response to environmental, market, and regulatory changes.

Western Nayarit fishers often target species that live in estuaries, which make up half of
the landings in northwestern Mexico (Rubio-Cisneros et al., 2016). In this study, most of the
species targeted from the 1990s onward were estuary residents, with the exception of the Cortez
oyster. Furthermore, five out of the six estuarine species that are among the fishers’ primary,
secondary, and tertiary target species are actually primary species, indicating that fishers heavily
target estuarine species. Fishers’ reliance on estuaries may be due to the high productivity of
these ecosystems, which result from a mix of freshwater and saltwater (Aké-Castillo & Vazquez,
2008). The nutrient-rich estuaries support a diverse range of aquatic organisms, including fish,
crustaceans, and bivalve mollusks, making them prime fishing grounds (James et al., 2019). The

seasonal movements of many fish attract predatory fish, enhancing their appeal to fishers as they
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can target species during their peak abundance (Salas & Gaertner, 2004). Additionally, estuaries,
often easily accessible from coastal communities, provide convenient fishing grounds for
small-scale fishers, as the relatively calm and shallow waters are suitable for small boats and
traditional fishing gear, enabling fishers to operate close to shore without the need for large
vessels and nets (Sievanen, 2014). Furthermore, estuaries serve as critical nursery grounds for
many species as they seek refuge in the sheltered waters, where they can find ample food and
protection from predators (James et al., 2019). Thus, it is important that regulations and
enforcement ensure fish are given the time to mature and spawn prior to harvest (Dzul-Caamal et
al., 2012). Despite fishers’ historical reliance on estuary species, our data shows a notable shift in
recent decades, with fishers increasingly targeting rocky reef and pelagic species, which are
typically found further offshore in the waters of Nayarit. This shift is partly driven by declines in
important estuary species like the yellowfin snook, which has historically been a primary target
but experienced overexploitation due to factors such as bycatch in the shrimp fishery starting in
the 1990s (Moreno-Sanchez, 2015). Despite the valuable insights gained from this study, it is
important to acknowledge its limitations. Challenges in identifying target species to the species
level when only provided with common names highlights the complexity of small-scale fisheries
research. Similar problems have been faced in previous studies (Nomura et al., 2022) leading to
potential bias in catch size estimations. Additionally, we did not look into any gear modifications
that fishers might be making, which could be happening but would not be captured as a new gear
type.

Competition with other fishers and fishery sectors emerged as a key driver of shifts in
target species. This suggests growing pressures on certain species due to increased fishing

activity. Encroachment of commercial fishers into primary fishing locations poses challenges for
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small-scale fishers, potentially limiting their ability to access the catch (Pomeroy et al., 2007).
Addressing issues of competition through effective fisheries management and community-based
initiatives is essential for promoting equitable access to resources and supporting the
sustainability of small-scale fisheries (BenDor et al., 2009). The role of policy and enforcement
measures, particularly in the regulation of elasmobranchs, underscores the importance of
governance structures in conservation (Shiffman & Hammerschlag, 2016). Biological reasons are
another main reason for fishers switching their target species, including decreases in biomass of
aggregating reef fish such as groupers, which were no longer highly targeted after the 1980s
(Erisman et al., 2010), and species that occupy shallow coastal areas (Sala et al., 2004).
Additionally, fishers mentioned changes in water temperature and explicitly stated “climate
change” as reasons for switching their target species. This is valuable to note as fishers
perceiving the change and attributing a shift in their actions due to “climate change” is crucial for
their adaptation to future environmental changes due to climate change (Gianelli et al., 2021).
This study examines responses to impacts that might be unrelated to climate change, such as
overfishing and competition. However, the negative impacts of these activities have on species
abundance are similar to those of climate change. Therefore the adaptations that fishers have
made to these impacts from human activities, such as overfishing, increase their exposure to
shocks and enhance their adaptive responses (Ilosvay et al., 2022).

In response to these challenges, fishers have adopted adaptive strategies, including
diversifying their target species portfolios. By diversifying their portfolio, fishers can more
flexibly switch their target species based on availability and overall ecological changes, as well
as changing market dynamics. This results in risk mitigation associated with overfishing and

fluctuations in individual stocks and market demand, potentially enhancing fishers' adaptive
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capacity and the overall resilience of the fishery (Allison & Ellis, 2001; Finkbeiner, 2015;
Nomura et al., 2022). Furthermore, the diversification of fishers' portfolios may allow for greater
focus on species that are abundant while reducing pressure on declining stocks, leading to added
ecological benefits (Cline et al., 2017).

While fishers demonstrated significant diversification in their target species portfolios,
their adjustments to fishing gear occurred less frequently, suggesting a more conservative
approach to technological adaptations. This may be attributed to the versatility of fishers’
existing gear, which enables them to target multiple species without necessitating frequent gear
changes. Many fishers relied on hook and line fishing in earlier decades, likely due to its
simplicity and effectiveness. However, we observed a decrease in hook and line usage over the
decades, possibly because it is primarily suited for targeting specific species rather than catching
a wide array of species simultaneously (He et al., 2021). We saw an increase in longline fishing
from the 2000s onward. This method is commonly used for targeting pelagic species (He et al.,
2021), suggesting that fishers may be venturing further offshore to catch fish like yellowfin tuna,
which has become a more frequently targeted species starting from the 2000s. The longline tuna
fishery in Nayarit was recently established and is currently unregulated (Jurado-Molina et al.,
2022). Cast nets and harpoons were not widely used to catch the target species by fishers. This is
likely due to the fact that cast nets are primarily used recreationally, thrown from shore to catch
bait (Rubio-Cisneros et al., 2016). Those using cast nets transitioned entirely to gillnets in the
1970s, which is more efficient to catch a wide array of species. Additionally, fishers began
trawling in the 1970s. This coincides with the Mexican President’s authorization to build pangas,
small motorized vessels, across the country and other monetary incentives for technological

advancement between the 1970s and 1980s (Fernandez et al., 2011). Despite fluctuations in
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target species, our data shows that gear utilization has remained relatively stable across decades
and did not support our hypothesis regarding the introduction of new gear to less ecologically
sustainable options that may increase bycatch. The stability in gear usage may be attributed to
the versatility of fishers’ current gear, allowing them to shift their target species and diversify
their portfolio. Additionally, financial investments, learning curves, and permit restrictions may
contribute to this stability, as only fish caught by approved gear are permitted to be landed
(Basurto et al., 2012). This result highlights the importance of considering socio-economic
factors, the availability of educational resources, and cultural values when designing adaptive
strategies for small-scale fisheries.

In short, our results show that fishers in Western Nayarit have adapted to a wide array of
stressors by employing available strategies such as switching their primary target species and
diversifying their portfolio. Although fishers in Nayarit seem to have access to adaptive
strategies, institutional and governance structures must also evolve to support these fishers
through upcoming changes. Increasing fishers’ participation in management is crucial for
building trust and fostering collaboration. This approach facilitates the gathering of expert
fishers' perspectives to understanding long-term ecological changes (e.g., Beaudreau & Levin,
2014; Hind, 2015), which is currently unavailable through CONAPESCA and the literature.
Moreover, integrating local ecological knowledge into the fisheries research and management
process is essential because local communities have a deep understanding of their environments
and have developed adaptive strategies over time, ensuring more informed management
decisions (Hind, 2015). This invaluable knowledge system, rooted in the experiences and
observations of the natural environment, is passed down through generations, fostering a strong

connection to fisheries and intertwining the act of fishing with personal identity and family
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heritage (Gilchrist et al., 2005; Haggan et al., 2007). By involving community members in
decision-making processes, fisheries management can benefit from the insights that fill data
gaps, thereby enhancing the sustainability and inclusivity of decision-making processes (Haggan
et al., 2007). However, it is crucial to approach the integration of local ecological knowledge into
fisheries research and management with respect and caution, avoiding practices that exploit
knowledge holders. Instead, by fostering collaborative partnerships and acknowledging the
expertise of community members, fisheries research and management can effectively incorporate
this knowledge to ensure decisions align with conservation needs and reflect the long-term
perspectives on ecological changes provided by local fishers (Beaudreau & Levin, 2014; Brook

& McLachlan, 2008).


https://www.zotero.org/google-docs/?FDYZnw
https://www.zotero.org/google-docs/?U7ZLNH
https://www.zotero.org/google-docs/?U7ZLNH
https://www.zotero.org/google-docs/?02omor
https://www.zotero.org/google-docs/?02omor

Acknowledgments

This project would not have been possible without the contribution of all small-scale
fishers who generously shared their knowledge. Special thanks to Irving Alexis Medina
Santiago, Xochitl Elias, and Javier Tovar-Avila for conducting the interviews. I am also grateful
to Jackie Shaff and Lauren Reynolds for their support and assistance with data organization.
Finally, I extend my heartfelt appreciation to my thesis committee, Eréndira Aceves Bueno and

Anne Beaudreau, for their unwavering support and guidance throughout the entire process.



References

Adger, W. N. (2006). Vulnerability. Global Environmental Change, 16(3), 268-281.
https://doi.org/10.1016/j.gloenvcha.2006.02.006

Aké-Castillo, J. A., & Vazquez, G. (2008). Phytoplankton variation and its relation to nutrients
and allochthonous organic matter in a coastal lagoon on the Gulf of Mexico. Estuarine,
Coastal and Shelf Science, 78(4), 705—714. https://doi.org/10.1016/j.ecss.2008.02.012

Allison, E. H., & Ellis, F. (2001). The livelihoods approach and management of small-scale
fisheries. Marine Policy, 25(5), 377-388.
https://doi.org/10.1016/S0308-597X(01)00023-9

Badjeck, M.-C., Allison, E. H., Halls, A. S., & Dulvy, N. K. (2010). Impacts of climate
variability and change on fishery-based livelihoods. Marine Policy, 34(3), 375-383.
https://doi.org/10.1016/j.marpol.2009.08.007

Basurto, X., Cinti, A., Bourillon, L., Rojo, M., Torre, J., & Weaver, A. H. (2012). The
Emergence of Access Controls in Small-Scale Fishing Commons: A Comparative
Analysis of Individual Licenses and Common Property-Rights in Two Mexican
Communities. Human Ecology, 40(4), 597-609.
https://doi.org/10.1007/s10745-012-9508-1

Beaudreau, A. H., Chan, M. N., & Loring, P. A. (2018). Harvest portfolio diversification and
emergent conservation challenges in an Alaskan recreational fishery. Biological
Conservation, 222, 268-277. https://doi.org/10.1016/j.biocon.2018.04.010

Beaudreau, A. H., & Levin, P. S. (2014). Advancing the use of local ecological knowledge for
assessing data-poor species in coastal ecosystems. Ecological Applications, 24(2),

244-256. https://doi.org/10.1890/13-0817.1


https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR

BenDor, T., Scheffran, J., & Hannon, B. (2009). Ecological and economic sustainability in
fishery management: A multi-agent model for understanding competition and
cooperation. Ecological Economics, 68(4), 1061-1073.
https://doi.org/10.1016/j.ecolecon.2008.07.014

Brook, R. K., & McLachlan, S. M. (2008). Trends and prospects for local knowledge in
ecological and conservation research and monitoring. Biodiversity and Conservation,
17(14),3501-3512. https://doi.org/10.1007/s10531-008-9445-x

Cinner, J. E., Adger, W. N., Allison, E. H., Barnes, M. L., Brown, K., Cohen, P. J., Gelcich, S.,
Hicks, C. C., Hughes, T. P., Lau, J., Marshall, N. A., & Morrison, T. H. (2018). Building
adaptive capacity to climate change in tropical coastal communities. Nature Climate
Change, 8(2), 117-123. https://doi.org/10.1038/s41558-017-0065-x

Cinner, J. E., McClanahan, T. R., Graham, N. A. J., Pratchett, M. S., Wilson, S. K., & Raina, J.
(2009). Gear-based fisheries management as a potential adaptive response to climate
change and coral mortality. Journal of Applied Ecology, 46(3), 724—732.
https://doi.org/10.1111/1.1365-2664.2009.01648.x

Cline, T. J., Schindler, D. E., & Hilborn, R. (2017). Fisheries portfolio diversification and
turnover buffer Alaskan fishing communities from abrupt resource and market changes.
Nature Communications, 8(1), 14042. https://doi.org/10.1038/ncomms 14042

CONAPESCA (Comision Nacional de Acuacultura y Pesca). 2018. Anuario estadistico de
acuacultura y Pesca. Mexico.

Erisman, B., Mascarenas, 1., Paredes, G., Sadovy De Mitcheson, Y., Aburto-Oropeza, O., &
Hastings, P. (2010). Seasonal, annual, and long-term trends in commercial fisheries for

aggregating reef fishes in the Gulf of California, Mexico. Fisheries Research, 106(3),


https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://doi.org/10.1038/ncomms14042
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR

279-288. https://doi.org/10.1016/j.fishres.2010.08.007

Fernandez, J.I., Alvarez-Torres, P., Arreguin-Sanchez, F., Lopez-Lemus, L.G., Ponce, G.,
Diaz-de-Ledn, A., Arcos-Huitrén, E. and del Monte-Luna, P. 2011. Coastal fisheries of
Mexico. In S. Salas, R. Chuenpagdee, A. Charles and J.C. Seijo (eds). Coastal fisheries of
Latin America and the Caribbean. FAO Fisheries and Aquaculture Technical Paper. No.
544. Rome. pp. 231-284.

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

Froese, R. and D. Pauly. (2024). FishBase. World Wide Web electronic publication.
www.fishbase.org, version (02/2024).

Gianelli, I., Ortega, L., Pittman, J., Vasconcellos, M., & Defeo, O. (2021). Harnessing scientific
and local knowledge to face climate change in small-scale fisheries. Global
Environmental Change, 68, 102253. https://doi.org/10.1016/j.gloenvcha.2021.102253

Gilchrist, G., Mallory, M., & Merkel, F. (2005). Can Local Ecological Knowledge Contribute to
Wildlife Management? Case Studies of Migratory Birds. Ecology and Society, 10(1),
art20. https://doi.org/10.5751/ES-01275-100120

Giorgi, F. (2006). Climate change hot-spots. Geophysical Research Letters, 33(8),
2006GL025734. https://doi.org/10.1029/2006GL025734

Green, K. M., Selgrath, J. C., Frawley, T. H., Oestreich, W. K., Mansfield, E. J., Urteaga, J.,
Swanson, S. S., Santana, F. N., Green, S. J., Naggea, J., & Crowder, L. B. (2021). How
adaptive capacity shapes the Adapt, React, Cope response to climate impacts: Insights

from small-scale fisheries. Climatic Change, 164(1-2), 15.


https://www.zotero.org/google-docs/?5LP8sR
https://doi.org/10.1016/j.fishres.2010.08.007
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://doi.org/10.1016/j.gloenvcha.2015.03.009
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR

https://doi.org/10.1007/s10584-021-02965-w

Grothmann, T., & Patt, A. (2005). Adaptive capacity and human cognition: The process of
individual adaptation to climate change. Global Environmental Change, 15(3), 199-213.
https://doi.org/10.1016/j.gloenvcha.2005.01.002

Haggan, N., Neis, B., Baird, I. G., & UNESCO (Eds.). (2007). Fisher s knowledge in fisheries
science and management. UNESCO Publ.

He, P., Chopin, F., Suuronen, P., Ferro, R.S.T and Lansley, J. 2021. Classification and illustrated
definition of fishing gears. FAO Fisheries and Aquaculture Technical Paper No. 672.
Rome, FAO.

Hind, E. J. (2015). A review of the past, the present, and the future of fishers’ knowledge
research: A challenge to established fisheries science. ICES Journal of Marine Science,
72(2), 341-358. https://doi.org/10.1093/icesjms/fsul 69

Ilosvay, X. E. 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), 246.
https://doi.org/10.1038/s43247-022-00577-5

James, N. C., Leslie, T. D., Potts, W. M., Whitfield, A. K., & Rajkaran, A. (2019). The
importance of different juvenile habitats as nursery areas for a ubiquitous
estuarine-dependent marine fish species. Estuarine, Coastal and Shelf Science, 226,
106270. https://doi.org/10.1016/j.ecss.2019.106270

Jurado-Molina, J., Flores-Olivares, J., Hernandez-Lopez, C. H., Villasefior-Talavera, R., &
Mendoza-Murguia, J. A. (2022). Preliminary information for the small-scale yellowfin

tuna fishery management in Nayarit, Mexico. Ciencias Marinas, 48.


https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR

https://doi.org/10.7773/cm.y2022.3275

Kluger, L. C., Kochalski, S., Aguirre-Velarde, A., Vivar, 1., & Wolff, M. (2019). Coping with
abrupt environmental change: The impact of the coastal El Nifio 2017 on artisanal
fisheries and mariculture in North Peru. ICES Journal of Marine Science, 76(4),
1122—1130. https://doi.org/10.1093/icesjms/fsy171

Lester, J. N., Cho, Y., & Lochmiller, C. R. (2020). Learning to Do Qualitative Data Analysis: A
Starting Point. Human Resource Development Review, 19(1), 94—106.
https://doi.org/10.1177/1534484320903890

Macusi, E. D., Camaso, K. L., Barboza, A., & Macusi, E. S. (2021). Perceived Vulnerability and
Climate Change Impacts on Small-Scale Fisheries in Davao Gulf, Philippines. Frontiers
in Marine Science, 8, 597385. https://doi.org/10.3389/fmars.2021.597385

MexFish. (2024). MexFish: Fish Pictures and Identification Information.
https://www.mextish.com/fish/fish.htmhttps://www.mexfish.com/fish/fish.htm. Accessed
8 March 2024.

Moreno-Sanchez, X. G. (2015). Diet of the yellowtin snook, Centropomus robalito
(Actinopterygii: Perciformes: Centropomidae), in the southwestern Gulf of California.
Acta Ichthyologica et Piscatoria, 45(1), 21-29. https://doi.org/10.3750/A1P2015.45.1.03

Nomura, K., Samhouri, J. F., Johnson, A. F., Giron-Nava, A., & Watson, J. R. (2022). Fisheries
connectivity measures of adaptive capacity in small-scale fisheries. ICES Journal of
Marine Science, 79(2), 519-531. https://doi.org/10.1093/icesjms/fsab178

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


https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://doi.org/10.3389/fmars.2021.597385
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR

Perry, R. I., Ommer, R. E., Allison, E. H., Badjeck, M., Barange, M., Hamilton, L., Jarre, A.,
Quifiones, R. A., & Sumaila, U. R. (2010). Interactions between changes in marine
ecosystems and human communities. In M. Barange, J. G. Field, R. P. Harris, E. E.
Hofmann, R. I. Perry, & F. Werner (Eds.), Marine Ecosystems and Global Change (pp.
221-252). Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199558025.003.0008

Phelan, A. (Anya), Ross, H., Adhuri, D. S., & Richards, R. (2023). Equity in a sea of debt: How
better understanding of small-scale fisheries can help reel in sustainable seafood. /CES
Journal of Marine Science, 80(8), 2222-2232. https://doi.org/10.1093/icesjms/fsac020

Pomeroy, R., Parks, J., Pollnac, R., Campson, T., Genio, E., Marlessy, C., Holle, E., Pido, M.,
Nissapa, A., Boromthanarat, S., & Thu Hue, N. (2007). Fish wars: Conflict and
collaboration in fisheries management in Southeast Asia. Marine Policy, 31(6), 645—656.
https://doi.org/10.1016/j.marpol.2007.03.012

Rubio-Cisneros, N. T., Aburto-Oropeza, O., & Ezcurra, E. (2016). Small-Scale Fisheries of
Lagoon Estuarine Complexes in Northwest Mexico. Tropical Conservation Science, 9(1),
78—134. https://doi.org/10.1177/194008291600900106

Sala, E., Aburto-Oropeza, O., Reza, M., Paredes, G., & Lopez-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

Salas, S., & Gaertner, D. (2004). The behavioural dynamics of fishers: Management
implications. Fish and Fisheries, 5(2), 153-167.
https://doi.org/10.1111/j.1467-2979.2004.00146.x

Shiffman, D. S., & Hammerschlag, N. (2016). Shark conservation and management policy: A


https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR

review and primer for non-specialists. Animal Conservation, 19(5), 401-412.
https://doi.org/10.1111/acv.12265

Sievanen, L. (2014). How do small-scale fishers adapt to environmental variability? Lessons
from Baja California, Sur, Mexico. Maritime Studies, 13(1), 9.
https://doi.org/10.1186/s40152-014-0009-2

Smith, H., & Basurto, X. (2019). Defining Small-Scale Fisheries and Examining the Role of
Science in Shaping Perceptions of Who and What Counts: A Systematic Review.
Frontiers in Marine Science, 6, 236. https://doi.org/10.3389/fmars.2019.00236

Turco, M., Palazzi, E., Von Hardenberg, J., & Provenzale, A. (2015). Observed climate change
hotspots. Geophysical Research Letters, 42(9), 3521-3528.
https://doi.org/10.1002/2015GL063891

Vargas, A., Restrepo, S., & Diaz, D. (2022). The portfolio effect in a small-scale fishery reduces
catch and fishing income variability in a highly dynamic ecosystem. PLOS ONE, 17(8),

€0271172. https://doi.org/10.1371/journal.pone.0271172


https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR
https://www.zotero.org/google-docs/?5LP8sR

Appendix A. Interview Questions
1. Birth Year: Year fisher was born
2. Age: Fisher’s age
3. Background Information Questions
a. What year did you begin fishing?
b. Are you still actively fishing?
c. What year did you begin fishing near Islas Marias?
d. How often do you fish near Islas Marias in the present day?
e. Are you still actively fishing near Islas Marias?
4. Current General Fishing Questions
a. How frequently do you fish (#days/week)?
b. How many months do you fish at sea each year?
5. Target Species Questions (fishers were asked to recall target species for only decades in
which they fished)
a. Your #1 most important target species for each decade
b. Your #2 most important target species for each decade
c. Your #3 most important target species for each decade
d. If your answers changed over time, why?
6. Gear Questions (fishers were asked to recall gear types for only decades in which they
fished)
a. What type of gear did you use to fish for your #1 most important target species for

each decade?



What type of gear did you use to fish for your #2 most important target species for

each decade?

What type of gear did you use to fish for your #3 most important target species for

each decade?

If your answers changed over time, why?



