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ABSTRACT
Introduction: Addressing ecological and social knowledge gaps is essential for the sustainable management of 
recreational fisheries. Costa Rica is internationally recognized as a premier sport fishing destination, particularly 
for billfish such as sailfish (Istiophorus platypterus) and blue marlin (Makaira nigricans). Despite their socio-
economic importance, major knowledge gaps remain in the dynamics of sport and tourist fisheries, hindering 
effective management. Fishers involved in tourist and sport fishing can provide valuable social-ecological insights 
into their fisheries and target species. 
Objectives: This paper seeks to identify the spatio-temporal patterns of billfish sport and tourist fishing activity 
along the Pacific coast of Costa Rica and to assess regional differences shaped by social and ecological factors, 
drawing on the knowledge and perceptions of fishers. 
Methods: We conducted semi-structured interviews with sport fishing captains (n=62) from private and charter 
operations across eight Pacific coast communities: Golfito and Puerto Jimenez in the Southern Pacific (n = 14); 
Quepos and Herradura in the Central Pacific (n = 34); and Tamarindo, Flamingo, Cuajiniquil, and El Jobo in the 
Northern Pacific (n = 14). Interviews included a participatory mapping activity to identify key fishing grounds 
for sailfish and blue marlin, along with a standardized questionnaire on fisher demographics, fishing seasonality, 
billfish and non-billfish species caught on the most recent trip (and their reported abundance), offshore distances 
of their most recent trip, and changes in fishing equipment and technology over time. 
Results: Analyses of fisher responses revealed nearshore fishing hotspots within 60 nautical miles of the Pacific 
coast of Costa Rica and regional differences in fishing seasonality, likely shaped by both oceanographic variability 
and tourism. Based on reported values, the Central Pacific exhibited the highest mean releases of sailfish and 
blue marlin and longest mean offshore distances in their most recent trip, compared to fishers operating in the 
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INTRODUCTION

Costa Rica is internationally recognized 
as a premier recreational  fishing destination, 
where high catch rates of billfish—particularly 
blue marlin (Makaira nigricans) and sailfish 
(Istiophorus platypterus), but also striped marlin 

(Kajikia audax), and black marlin (Istiompax 
indica)—are reported (Ehrhardt & Fitchett, 
2006), along with other target species includ-
ing wahoo (Acanthocybium solandri), yellowfin 
tuna (Thunnus albacares), roosterfish (Nematis-
tius pectoralis), dorado or mahi-mahi (Cory-
phaena hippurus) (see Villalobos-Rojas et al., 

Northern and Southern Pacific. Fishers in the Northern and Central Pacific reported overall improvements in 
fishing equipment and technology. 
Conclusions: These findings underscore the value of integrating fishers’ knowledge into fisheries research, 
enabling the management of billfish fisheries of Costa Rica to better reflect region-specific fishery dynamics. 
By capturing fishers’ lived experiences and observations, this study supports a participatory approach to billfish 
fisheries management in Costa Rica.

Key words: billfish; blue marlin (Makaira nigricans); fishers’ knowledge; fisheries management; recreational fish-
eries; sailfish (Istiophorus platypterus); sportfishing.

RESUMEN
El conocimiento de los pescadores revela la dinámica espaciotemporal de la pesca deportiva 

y turística de peces picudos en la costa del Pacífico de Costa Rica

Introducción: Abordar las brechas de conocimiento ecológico y social es fundamental para garantizar la gestión 
sostenible de las pesquerías recreativas. Costa Rica es reconocida a nivel internacional como uno de los mejores 
destinos de pesca deportiva, particularmente para especies de picudos como el pez vela (Istiophorus platypterus) 
y el marlín azul (Makaira nigricans). A pesar de su importancia socioeconómica, persisten importantes brechas 
de información sobre la dinámica de las pesquerías deportivas y turísticas, lo que limita una gestión eficaz. Los 
pescadores dedicados a la pesca turística y deportiva pueden aportar conocimientos socioecológicos valiosos 
sobre sus pesquerías y las especies objetivo. 
Objetivos: Este estudio busca identificar los patrones espacio-temporales de la pesca deportiva y turística de picu-
dos a lo largo de la costa del Pacífico de Costa Rica y evaluar las diferencias regionales influenciadas por factores 
sociales y ecológicos, a partir del conocimiento y las percepciones de los pescadores. 
Métodos: Realizamos entrevistas semiestructuradas con capitanes de pesca deportiva, tanto de operaciones priva-
das como de charter, a lo largo de la costa pacífica de Costa Rica en ocho localidades: Golfito y Puerto Jiménez en 
el Pacífico Sur (n = 14); Quepos y Herradura en el Pacífico Central (n = 34); y Tamarindo, Flamingo, Cuajiniquil 
y El Jobo en el Pacífico Norte (n = 14). Las entrevistas incluyeron una actividad de mapeo participativo para iden-
tificar zonas clave de pesca de pez vela y marlín azul, junto con un cuestionario estandarizado sobre la demografía 
de los pescadores, estacionalidad de la pesca, especies de picudos y no picudos capturadas en el viaje más reciente 
(y su abundancia reportada), distancias recorridas en el viaje más reciente y cambios en los equipos y tecnología 
de pesca a lo largo del tiempo. 
Resultados: A través del análisis de las respuestas de pescadores se identificaron zonas críticas de pesca cerca-
nas a la costa, dentro de las 60 millas náuticas, así como diferencias regionales en la estacionalidad de la pesca, 
probablemente influenciadas tanto por variabilidad oceanográfica como por el turismo. Con base en los valores 
reportados, el Pacífico Central presentó los promedios más altos de liberaciones de pez vela y marlin azul, así 
como las mayores distancias promedio recorridas mar adentro en el viaje más reciente, en comparación con los 
pescadores del Pacífico Norte y Sur. Los pescadores del Pacífico Norte y Central señalaron mejoras generales en 
equipos y tecnología de pesca. 
Conclusiones: Estos resultados resaltan la importancia de integrar el conocimiento de los pescadores en la inves-
tigación pesquera, permitiendo que la gestión de las pesquerías de picudos en Costa Rica refleje mejor las diná-
micas pesqueras específicas de cada región. Al incorporar las experiencias y observaciones de los pescadores, este 
estudio destaca la importancia de los enfoques participativos para la conservación y el manejo de las pesquerías 
de picudos en Costa Rica.

Palabras clave: conocimiento de pescadores; gestión pesquera; marlín azul (Makaira nigricans); peces picudos; 
pesca deportiva; pesquerías recreativas; pez vela (Istiophorus platypterus).
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2014), as well as snook (Centropomus spp.) (see 
Soto Jiménez et al., 2010). In addition to their 
importance to Costa Rica’s recreational fisher-
ies (sport and tourist fisheries), billfish are top 
predators and can exert top-down influence on 
community structure and ecosystem stability 
(Kitchell et al., 2006; Baum & Worm, 2009). 
Recognizing their ecological and tourism value, 
Costa Rica declared sailfish and marlins as spe-
cies of special interest for recreational fishing in 
2005 in the Costa Rica Fisheries and Aquacul-
ture Law (Law 8436; Asamblea Legislativa de 
Costa Rica, 2005), later adding roosterfish in 
2014 (INCOPESCA, 2014). However, limited 
characterization of recreational fishing dynam-
ics in Costa Rica has constrained effective fish-
eries management.

A distinctive feature of Costa Rica’s legal 
framework for recreational fishing is the dif-
ferentiation between sport and tourist fishing, 
which are terms used interchangeably in many 
countries but defined separately under the 
Costa Rican Law 8436. Sport fishing according 
to Costa Rican law refers to non-commercial 
capture by nationals or foreigners for sport, 
leisure, or recreation, without profit motives 
(Art 2, Law 8436; Asamblea Legislativa de 
Costa Rica, 2005). In contrast, tourist fishing 
is defined as the capture of aquatic resources to 
generate revenue from tourism services, typi-
cally associated with charter operations (Art. 
79, Law 8436; Asamblea Legislativa de Costa 
Rica, 2005). As of January 2026, 352 boats hold 
active recreational fishing licenses on the Pacif-
ic coast, including 111 tourist fishing licenses 
associated with commercial charter operations 
and 241 sport fishing licenses associated with 
private, non-commercial operations (INCOP-
ESCA, 2026). For vessels operating under tour-
ist and sport fishing licenses, there are nine 
different autonomy ranges, which specify the 
maximum legally permitted distance from 
shore for each license type (MOPT, 2024).

At the national and local levels, the recre-
ational fisheries sector promotes sustainable use 
of marine resources while providing opportuni-
ties for coastal development. Studies have under-
scored its multiple contributions—economic, 

social, environmental, and individual—both 
in Costa Rica (CIMAT & ICT, 2021; Moreno 
Díaz & Jiménez Elizondo, 2022) and in interna-
tional contexts (McManus et al., 2011; Pollnac 
& Poggie, 2008; Voyer et al., 2017).  Both sport 
and tourist fishing are part of a broader service 
industry, which contributes approximately 5% 
of Costa Rica’s Gross Domestic Product (GDP) 
and supported more than 272,000 jobs in 2019 
(ICT, 2023). It was estimated that the activity 
generated USD 599 million in 2010, represent-
ing 2.13% of national GDP (Soto Jiménez et 
al., 2010). More recent assessments confirm 
that recreational fishing continues to generate 
520 million annually, highlighting its steady 
economic relevance, while also contributing to 
the well-being and quality of life of individu-
als involved in the sector (Chacón-Cascante & 
Marín Sandoval, in press). 

Despite its socioeconomic importance, 
the recreational fishing sector faces multiple 
threats. Overfishing of target species and 
bycatch, coupled with climate-driven changes 
such as ocean warming, oxygen depletion, and 
shifting productivity, threatens the sustain-
ability of fisheries worldwide (Halpern et al., 
2008, 2015). In the Eastern Tropical Pacific 
(ETP), both recreational and commercial fish-
eries, including artisanal, longline, and purse 
seine fleets, interact with billfish. Billfish are 
primary targets of offshore recreational fish-
ing fleets, whereas they are generally caught 
as bycatch and occasionally targeted by com-
mercial fisheries (Punt et al., 2015; Horodysky 
et al., 2016; IATTC, 2024). The most recent 
assessments indicate that sailfish stock status 
in the ETP remains highly uncertain due to 
substantial data limitations and unreported 
catch, while blue marlin assessments indicate 
signs of recovery from historical depletion. 
Nevertheless, continued data gaps and lim-
ited reporting, particularly from recreational 
fisheries, constrain confidence in long-term 
sustainability (IATTC, 2024). In Costa Rica, 
recent analyses of sportfishing records have 
documented declines in sailfish catches (Haul-
see et al., 2022; Marrari et al., 2023; Chaves-
Campos et al., 2025), underscoring concerns 
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that climate change and climate variability—in 
addition to direct anthropogenic stressors – 
may be altering fish distributions, population 
dynamics, as well as fishing activities. Address-
ing these concerns requires greater attention to 
the social-ecological dimensions that shape the 
fishery and its socioeconomic context (Arling-
haus et al., 2016), especially through under-
standing the spatio-temporal dynamics of fish 
populations in relation to sport and tourism 
fishing activities. 

Sport and tourism fishing dynamics vary 
along Costa Rica’s Pacific coast, yet regional 
differences in their magnitude and seasonal-
ity have not been formally studied. A study 
conducted in 2020, prior to the impacts of the 
COVID-19 pandemic in Costa Rica, found 
that most interviewed tourists participated in 
sport and tourism fishing in the Central Pacific 
region (81%), followed by the Southern Pacific 
(19%), and the Northern Pacific region (3%); 
the total sum of percentages exceeds 100% as 
some visitors fished in more than one region 
(CIMAT & ICT, 2021). The dominance of 
activity in the Central Pacific likely reflects 
the region’s extensive sport fishing and tour-
ism infrastructure, anchored by two major 
marinas: Marina Pez Vela in Quepos and Los 
Sueños Marina in Herradura inaugurated in 
2010 (Villalobos-Rojas et al., 2021a) and 2001 
(Villalobos-Rojas et al., 2021b), respectively. 
In the Southern Pacific, Marina Bahía Golfito 
serves as one of the region’s major marinas, 
which opened in 2017 (Madrigal, 2017). The 
Northern Pacific supports a growing tourism 
sector, which has recently expanded with the 
inauguration of Marina Flamingo in 2023 (Tico 
Times, 2023). Sport fishing seasons for target 
species are also known to vary along the coast, 
although formal characterizations of sport fish-
ing seasons remain absent from the scientific 
literature or institutional reports. A study by 
the Central America Fisheries and Aquacul-
ture Organization (OSPESCA) reported sport 
fishers’ perceptions that sailfish and marlins 
are fished year-round in Costa Rica, but it did 
not provide regional details within the coun-
try (OSPESCA, 2007). Thus, although fishing 

occurs year-round, the timing of peak activity, 
which is known by fishers to vary along the 
Pacific coast, have not been quantified. Under-
standing regional similarities and differences 
in infrastructure, fishing effort, seasonality, 
and catch composition is essential for charac-
terizing spatio-temporal dynamics needed to 
inform effective management.

To this end, fishers themselves represent 
a valuable source of information to better 
understand the spatial and temporal social and 
ecological factors underpinning recreational 
fisheries. Fishers’ knowledge can help fill criti-
cal data gaps on the dynamics of fishing activity 
and target species (Léopold et al., 2014; Mason 
et al., 2019; Thurstan et al., 2018; Löki et al., 
2023). In Costa Rica, sport and tourism fishers 
interact with marine environments daily, year-
round, and across generations, generating fine-
scale insights into their target catch that are 
difficult to replicate through formal monitoring 
by scientific agencies, which are often con-
strained by limited field seasons and resources 
(Bessesen & González-Suárez, 2021; Haulsee et 
al., 2022). Beyond helping to fill data gaps on 
target species, fishers can also provide valuable 
contextual and experiential knowledge on both 
the natural and human dimensions of the sys-
tems in which they operate, including diverse 
social, economic, and governance aspects of 
the fishery and associated human behaviors 
(Stephenson et al., 2016). 

Here, we report on findings from inter-
views with sport and tourism fishers along 
Costa Rica’s Pacific coast that enable the char-
acterization of spatial and temporal patterns 
of the recreational fishery targeting billfish, 
particularly sailfish and blue marlin, while 
also considering other billfish and non-billfish 
species. We examine reported fishing grounds, 
seasonal activity, recent catches, distances to 
fishing grounds, and changes in fishing tech-
nology and infrastructure. By comparing across 
the Southern, Central, and Northern regions 
in Costa Rica, this study provides new insights 
into the regional dynamics of the country’s 
recreational fishery and highlights the value of 
fishers’ knowledge for informing sustainable 
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management of sport and tourist fisheries tar-
geting billfish and associated species.

MATERIALS AND METHODS

Interviews: Between June-August 2022 
and July-September 2023, we conducted semi-
structured interviews with 62 sport fishers from 
communities along the Pacific coast of Costa 
Rica where sportfishing activity occurs: Golfito 
and Puerto Jimenez in the Southern Pacific (n 
= 14); Quepos and Herradura in the Central 
Pacific (n = 34); and Tamarindo, Flamingo, 
Cuajiniquil, and El Jobo in the Northern Pacific 
(n = 14). For this study, the fishers’ home ports 
were assigned to Northern, Central, and South-
ern Pacific regions according to the national 
planning and socioeconomic strategy classifica-
tions of Costa Rica, referred to as the Chorotega 
Region (Northern Pacific), the Central Pacif-
ic region, and the Brunca Region (Southern 
Pacific) (Ministerio de Planificación Nacional y 
Política Económica (MIDEPLAN), n.d.). These 

regional designations do not extend to delin-
eated offshore fishing zones (Fig. 1). 

We specifically interviewed sportfishing 
captains operating charter or private vessels, as 
they are key decision-makers regarding when 
and where to fish. We focused our study on 
sport fishers with at least 10 years of experi-
ence targeting billfish along the Pacific coast of 
Costa Rica, with the exception of Cuajiniquil 
and El Jobo. Since sport fishing activity is 
relatively new in this region, most fishers inter-
viewed in Cuajiniquil and El Jobo had less than 
10 years of experience targeting billfish. We 
used snowball sampling to recruit fishers who 
met the above criteria (captains with >10 years 
of experience targeting billfish) (Naderifar et 
al., 2017). Initial participants were identified 
by key collaborators in each community, and 
subsequent participants meeting the selection 
criteria were recruited through referrals from 
previously interviewed participants. Inter-
view participation was constrained by fishers’ 
availability and logistical considerations. Most 

Fig. 1. Map of Costa Rica indicating the Pacific coast communities where fishers were interviewed in 2022–2023. Southern 
Pacific: Golfito and Puerto Jiménez (n = 14). Central Pacific: Quepos and Herradura (n = 34). Northern Pacific: Tamarindo, 
Flamingo, Cuajiniquil, and El Jobo (n = 14). Northern, Central, and Southern Pacific regions follow demographic 
delimitations established by Ministerio de Planificación Nacional y Política Económica (MIDEPLAN), n.d.).
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fishers interviewed were Costa Rican (85.5%), 
while smaller proportions from the United 
States (11.3%) and Nicaragua (3.2%). All fishers 
were male.

The 62 interviews were conducted in Eng-
lish and Spanish, lasting from 45 minutes to 2 
hours each. We conducted a participatory map-
ping exercise to characterize each captain’s per-
ception of the spatial extent of sailfish and blue 
marlin fishing grounds. The interviews also 
included a standardized questionnaire designed 
to characterize key aspects of sport fishing 
activity. Fishers responded with reference to 
their own fishing activity. Here, we report 
results from items with short, closed-ended 
responses that generated quantitative data on 
fisher demographics, fishing seasonality, spe-
cies caught on the most recent trip (and their 
reported abundance), distances traveled on the 
most recent trip, and changes in fishing equip-
ment since the onset of the fisher’s activity. 

All analyses reflect fishers’ knowledge and 
experiences as reported at the time and place of 
interviews. Because the data are self-reported 
and sample sizes within each region were lim-
ited, the results should be interpreted as indica-
tive of general patterns rather than precise 
estimates of catch, effort, or other metrics of 
fishing activity. To ground our interpretations 
in fishers’ knowledge, we shared initial findings 
with a subset of participants and collaborators 
selected for their extensive experience fish-
ing billfish, ensuring representation from each 
region. Feedback from these consultations was 
incorporated into the discussion. The inter-
view protocol was approved by both Stanford 
University’s Institutional Review Board (IRB) 
for human subjects research on June 10, 2022 
(protocol #62556) and Yale University’s IRB 
for human subjects research on April 25, 2022 
(protocol #2000032625).

Fishing experience and activity charac-
teristics: We collected information on each 
fisher’s fishing background and typical fish-
ing activity to assess how variation across and 
within regions in fishers’ experience and fishing 
practices might influence their knowledge of 

fishing grounds, catch composition, travel dis-
tances, seasonality of target species availability, 
and changes in fishing equipment and technol-
ogy. Fishers reported the number of years they 
had targeted billfish, the number of months per 
year they typically fished (as an indicator of 
temporal consistency), and the proportion of 
their trips specifically targeting billfish. We also 
asked whether fishers captained charter ves-
sels, typically associated with touristic fishing 
licenses, or private boats, generally associated 
with sportfishing licenses, as these sectors often 
differ in travel distance and in their temporal 
consistency throughout the week and year. 
Fishers were not asked directly about the types 
of fishing licenses on the boats they captained. 
Finally, fishers reported the percentage of trips 
that were overnight, which generally indicates 
longer travel distance and greater fishing effort 
compared to single-day trips.

To contextualize interview-based findings 
within broader patterns of sportfishing activ-
ity, we used publicly available national fishing 
license records from the Instituto Costarri-
cense de Pesca y Acuicultura (INCOPESCA). 
Bases of operation registered for active licenses 
were categorized into Northern, Central, or 
Southern Pacific zones following the national 
planning and socioeconomic regional classi-
fications established by MIDEPLAN. A single 
license could not be assigned to a regional 
category because its registered base of opera-
tion encompassed the entire Pacific coast and 
was therefore excluded from regional sum-
maries. License records were last updated in 
January 2026 and therefore do not reflect the 
exact numbers of fishing licenses during the 
2022-2023 interview period. License data are 
interpreted as reflecting recent regional pat-
terns in recreational fishing activity rather than 
a precise representation of recreational fishing 
activity at the time of interviews.

Spatial distribution of fishing grounds: 
During the participatory mapping activity, 
respondents were asked to draw digital poly-
gons in an ArcGIS Field Maps (Esri, 2023) 
survey created for this study using an electronic 
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tablet, to indicate where they catch sailfish and 
blue marlin. Fishers were asked “In what areas 
do you fish for sailfish?” and then “In what areas 
do you fish for blue marlin?” For each polygon 
drawn, respondents were asked to specify the 
months in which they fished in that area. No 
guidance was provided on the scale or size of 
the areas of the polygons, allowing respon-
dents to indicate locations at the level of detail 
they felt most comfortable with, ranging from 
specific points to broader regions. The map 
included a longitude–latitude grid at the degree 
scale; the names of major marinas, coastal 
towns, and islands; the Costa Rica Exclusive 
Economic Zone (EEZ); distance buffers of 5 
nm, 25 nm, 50 nm, and 100 nm from the coast; 
and the ArcGIS Oceans Basemap with bathym-
etry (Fig. S1).

For analysis, respondent-drawn polygons 
indicating fishing grounds used in different 
months were overlaid onto a 0.25º × 0.25º grid. 
To account for differences in sample size among 
regions, each intersecting grid cell was assigned 
a weighted presence equal to 1 divided by the 
total number of interviewed fishers in that 
region. These weights were summed per cell 
and rescaled from 0 to 1, where 1 represents 
the highest degree of overlap. Because polygons 
from all months were combined, the result-
ing heatmaps represent annual fishing activity 
rather than monthly patterns.

Cross-regional fishing activity: To 
assess fishing activity outside a fisher’s home 
port region, participants were asked, “What 
general region(s) do you fish in?”. Responses 
included broad regions or specific coastal loca-
tions, which were subsequently classified into 
the Northern, Central, or Southern Pacific 
regions, as well as an “other countries” category 
when applicable.

Seasonal fishing patterns: We assessed 
fishers’ perceptions of seasonal patterns, by 
asking: “Are there particular months in the year 
that are better for catching sailfish?” and “Are 
there particular months in the year that are 
better for catching blue marlin”? Some fishers 

described fishing seasons using general terms 
such as “winter” or “summer” rather than spe-
cific months. To enable month-based analysis, 
these responses were standardized by assign-
ing November–May to “summer” and May–
November to “winter”, as May and November 
are considered transitional months between the 
rainy (“winter”) and dry (“summer”) seasons 
(Ulate, 2001; Alfaro, 2002).

Catch and travel distances from most 
recent trips: To obtain a standardized snapshot 
of catch composition, fishers were asked: “In 
the most recent fishing trip in which you targeted 
billfish, did you catch and/or release any fish? If 
so, what species did you catch and/or release, and 
how many?”. Because sport and touristic fish-
ing licenses only allow for catch and release of 
billfish, while other species (e.g. tuna) may be 
legally retained within established legal limits 
(Asamblea Legislativa de Costa Rica, 2005), the 
term “catch” in this study refers to all fish that 
were caught, regardless of whether they were 
released or retained. 

Sport fishers were also asked to provide 
additional details about their most recent trip 
to contextualize information on fishing activity 
and effort, including the date, offshore travel 
distance, and start and end times; total fish-
ing hours were calculated from the reported 
start and end times. Reported catch values 
are presented as raw counts. For respondents 
in the Southern Pacific, all reported distances 
were assumed to begin at the outer edge of 
Golfo Dulce (Matapalo), based on consulta-
tions with fishers before, during, and after 
interviews, which confirmed that distances are 
typically measured from this point. If fishers 
provided their catch for a fishing trip lasting 
more than a day, we took the average catch 
for the entire fishing trip (no. of fish/no. of 
days) for each species. Although fishers were 
asked specifically about offshore distance, some 
responses may reflect a combination of off-
shore travel and along-coast movement from 
their home port. To address this, interview 
transcripts were reviewed for contextual clari-
fication. When a reported distance was clearly 
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associated with along-coast fishing, a value of 
zero was assigned. Some responses could not 
be conclusively separated into offshore versus 
along-coast components and may therefore 
reflect a combination of both. Only fishers who 
reported that they were the captain on their 
most recent trip were included in the analyses.

We focused specifically on the most recent 
trip because catch composition can vary sub-
stantially among trips and requires detailed 
recall of specific species, quantities, and effort. 
Prior research on autobiographical memory 
shows that respondents recall the most recent 
event in a series more accurately, particularly 
when memories involve many similar incidents 
(Bradburn et al., 1987).

Improvements in fishing equipment and 
technologies: Fishers in the Central and North-
ern Pacific were asked about changes in fishing 
equipment and technologies. This question was 
developed after initial interviews with fishers 
based in the Southern Pacific, who repeatedly, 
without being prompted, described changes 
they had experienced over time, particularly in 
fishing gear, communication equipment (e.g. 
radio), sonar and navigation technologies, radar 
systems, the number of rigs typically deployed, 
boat size, and the type of bait used. Because 
onboard technologies and equipment capabili-
ties can shape where and when fishers operate, 
assessing perceived changes in these elements is 

relevant for understanding the spatio-temporal 
dynamics of sport and touristic fishing activities 
in the region. Following sequential explorato-
ry mixed-methods approaches (Patton, 2015; 
Creswell & Plano Clark, 2018), these themes 
informed the response categories included in 
a standardized Likert-scale question (Likert, 
1932) which was subsequently administered 
only in the Central and Northern Pacific.

Statistical analyses: Continuous out-
comes were assessed for normality (Shapiro–
Wilk) and homogeneity of variances (Levene). 
Because these assumptions were violated (α = 
0.05), regional differences were assessed using 
the Kruskal–Wallis test, followed by Dunn’s 
post-hoc pairwise comparisons with Bonfer-
roni adjustment. Categorical outcomes were 
compared across regions using Fisher’s exact 
test. When overall tests were significant for 
binary variables, pairwise Fisher tests with 
Bonferroni-adjusted p-values were conducted.

RESULTS

Fishing experience and activity charac-
teristics: On average, fishers had 23.2 years of 
experience targeting billfish (SD = 10.0, range 
1.5–49.0) and fished 10.7 months per year (SD 
= 2.5, range 2.7–12.0) (Table 1). The number 
of years targeting billfish (Northern Pacific: n 
= 13), the percentage of trips targeting billfish 

Table 1
Respondent demographics and fishing activity by region. Total number of boats and license types from INCOPESCA 
(updated January 2026). One license (of 352 total) was listed with a base of operation as “Pacific Ocean” and could not 
be assigned to a specific region; therefore, it is not included in this table. For the Southern Pacific, the percentage of trips 
targeting billfish was reported by a subset of respondents (n = 8). For the Northern Pacific, the years of experience fishing 
for billfish was reported by a subset of respondents (n = 13). All other variables reflect the full sample size for each region 
shown in the table.

Region
Total boats 

(by license type)
Number interviews 
(by fishing activity)

Mean years of 
fishing for billfish

Mean number of 
months fishing per year

Mean % of trips 
targeting billfish

% of fishers who do 
overnight trips

Northern 
Pacific

56 (40 touristic, 
16 sportfishing)

14 (12 charter, 
0 private, 2 both)

18.1 (sd = 13.5, 
range = 1.5–48.0)

11.5 (sd = 1.3, 
range = 7.5–12.0)

55.9 (sd = 29.7, 
range = 10.0–98.0)

overnight = 7.1, 
no overnight = 92.9

Central 
Pacific

240 (48 touristic, 
192 sportfishing)

34 (21 charter, 
2 private, 11 both)

25.3 (sd = 7.8, 
range = 14.0–49.0)

11.2 (sd = 1.8, 
range = 5.0–12.0)

92.0 (sd = 11.6, 
range = 40.0–100.0)

overnight = 58.8, 
no overnight = 41.2

Southern 
Pacific

55 (22 touristic, 
33 sportfishing)

14 (12 charter,
 1 private, 1 both)

22.9 (sd = 9.8, 
range = 13.5–43.0)

8.7 (sd = 3.6, 
range = 2.7–12.0)

73.4 (sd = 17.2, 
range = 50.0–95.0)

overnight = 42.9, 
no overnight = 57.1
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(Southern Pacific: n = 8), and the number of 
months fishing annually varied significantly 
by region (Kruskal–Wallis, p = 0.035, < 0.001, 
and 0.023, respectively; Table S1). Post-hoc 
Dunn tests (Table S2) revealed that fishers 
in the Central Pacific had significantly more 
years of experience targeting billfish compared 
to those operating in the Northern Pacific (p 
= 0.032), but no other differences were sig-
nificant across regions. Central Pacific fishers 
had a significantly higher percentage of trips 
targeting billfish than Northern or Southern 
Pacific fishers (Central > Northern, p < 0.001; 
Central > Southern, p = 0.012), whereas there 
was no significant difference between South-
ern and Northern Pacific fishers. Fishers in 
the Northern Pacific reported fishing for more 
months than fishers in the Southern Pacific (p 
= 0.037), but there were no other significant 
differences across regions for the number of 
fishing months. 

Overnight trips varied significantly by 
region (Fisher’s exact, p = 0.003; Table S3). 
Specifically, 58.8% of Central Pacific fishers 
and 42.9% of Southern Pacific fishers reported 
overnight trips, compared with 7.1% in the 
Northern Pacific. Pairwise Fisher’s exact tests 
with Bonferroni correction showed that the 
number of fishers in the Central Pacific that 
conduct overnight trips was significantly higher 
than those in the Northern Pacific (p = 0.001), 
whereas differences between Northern and 
Southern Pacific fishers and between Central 
and Southern Pacific fishers were not signifi-
cant (p > 0.05) (Table S4). Regional differences 
in the numbers of captains of private vs. char-
ter operations were not statistically significant 
(Fisher’s exact test, p = 0.226; Table S3).

In the northernmost communities of Cua-
jiniquil and El Jobo, where the average percent-
age of trips dedicated to billfish was 36% (sd = 
30), all fishers reported roosterfish as a target 
species. Half of the respondents also report-
ed targeting sailfish and tuna, while 16.7% 
reported targeting mahi-mahi, snapper, mar-
lins, wahoo, barracuda, and jacks.

Spatial distribution of fishing grounds: 
A total of 58 fishers based in the Southern, 

Central, and Northern Pacific regions engaged 
in participatory mapping for sailfish and blue 
marlin fishing areas. For sailfish, respon-
dents drew polygons spanning 5.86º of lati-
tude (5.19º–11.05º N) and 3.90º of longitude 
(86.80º–82.90º W). For blue marlin, respon-
dents drew polygons that spanned a larger 
area further offshore, spanning 5.95º of lati-
tude (5.08º–11.03º N) and 4.95º of longitude 
(87.85º–82.90º W). 

Fisher-drawn polygons were aggregated 
to show the overall annual footprint of fishing 
activity in heatmaps composed of 0.25º x 0.25º 
grid cells. The maximum number of overlap-
ping polygons in a single grid cell was 31 for 
sailfish and 32 for blue marlin. Each grid cell 
was assigned a weighted overlap index rang-
ing from 0 to 1, where higher values repre-
sent greater overlap among respondents. Most 
hotspots (defined as grid cells with a weighted 
overlap index > 0.5) for fishing activity for both 
species occurred within the first 60 nautical 
miles from the coast along the Pacific coast. 
Within these first 50 nautical miles, there is a 
high degree of overlap in preferred fishing areas 
for the two species (Fig. 2).

Cross-regional fishing activity: All fishers 
reported fishing in their home region, but the 
extent of fishing in additional areas varied by 
region (Fig. 3). Southern Pacific fishers were 
most likely to extend their activities into other 
regions, those from the Central Pacific showed 
a mix of local and multi-regional fishing, and 
Northern Pacific fishers largely restricted their 
fishing to their home waters. Among South-
ern Pacific fishers, 35.7% reported fishing 
only within the Southern Pacific, while 42.9% 
fished in both the Southern and Central Pacific. 
Smaller proportions reported broader activity: 
14.3%, fished across all three regions (South-
ern, Central, and Northern Pacific), and 7.1% 
fished in the Southern Pacific as well as in other 
countries. For Central Pacific fishers, just over 
half (52.9%) reported fishing only in the Cen-
tral Pacific. Others indicated broader ranges: 
23.5% fished across all three regions (Central, 
Northern, and Southern), 8.8% in both the 
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Central and Southern, and 5.9% in the Cen-
tral Pacific as well as other countries. Smaller 
proportions (2.9% each) of fishers based in the 

Central Pacific reported fishing in the Central 
and Northern Pacific; Central and Northern 
and Southern Pacific, as well as other countries; 

Fig. 2. Heat maps of aggregated participatory mapping fishing areas for sailfish and blue marlin across all months of the year. 
Polygons drawn by 58 fishers were generalized to a 0.25º × 0.25º grid, with values weighted by the total number of fishers 
interviewed in each region and summed within each pixel. Values are normalized from 0 to 1, where 1 indicates the highest 
degree of overlap. Due to the generalized resolution, these maps do not represent precise fishing locations and may include 
overlap with land, islands, or protected areas.

Fig. 3. Fishing range by home region. Responses to “In what general region(s) do you fish?” by fishers based in the Northern 
(n = 14), Central (n = 34), and Southern (n = 14) Pacific regions. Categories represent the number of regions along Costa 
Rica’s Pacific coast in which fishers operate (Northern, Central, Southern).
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and Central and Southern Pacific, and other 
countries. Among Northern Pacific fishers, the 
majority (71.4%) reported fishing exclusively in 
the Northern Pacific. The remainder reported 
fishing across all three regions (14.3%), in both 
Central and Northern regions (7.1%), or in 
both Northern and Southern regions (7.1%).

Seasonal fishing patterns: According to 
fishers (> 50% agreement within each region), 
the best months for sailfish were reported as 
July-October in the Northern Pacific, January–
April in the Central Pacific, and January–March 
in the Southern Pacific (Fig. 4). For blue marlin, 
Northern Pacific fishers identified August–
October as the best months, Central Pacific 
fishers highlighted June–August and Decem-
ber, and Southern Pacific fishers emphasized 

July–December (Fig. 4). Overall, sailfish peaks 
clustered in the dry season in the Southern 
and Central Pacific and during the rainy sea-
son in the Northern Pacific, while blue marlin 
peaks occurred primarily rainy-season months 
extended later into the year in the Central 
and Southern Pacific. In the Northern Pacific, 
the best months for blue marlin according to 
fishers were clustered within the rainy season; 
however, fewer fishers provided responses for 
blue marlin because not all participants target 
this species.

Fishers noted that the months identified 
above for sailfish and blue marlin fishing rep-
resented the best times to target each species, 
citing factors such as fish availability and catch-
ability, local oceanographic dynamics (e.g., sea-
sonal northern winds in the Northern Pacific 

Fig. 4. Best fishing months for sailfish and blue marlin. Bars represent the number of fishers in the Northern (sailfish: n = 
14; blue marlin: n = 12), Central (n = 34), and Southern (n = 14) Pacific of Costa Rica who identified each month as among 
the best for targeting these species, based on responses to the question: “What are the best fishing months for sailfish and 
blue marlin?”.
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restricting fishing activity), and socio-econom-
ic drivers, including the timing of peak tourism 
during rainy and dry seasons. However, when 
asked specifically about the months corre-
sponding to their participatory-mapped fishing 
areas, many—if not most—fishers reported 
fishing year-round for sailfish (64.3%, n = 9 
in the Southern; 96.7%, n = 29 in the Central; 
and 71.4%, n = 10 in the Northern Pacific) and 
blue marlin (85.7%, n = 12 in the Southern; 
93.5%, n = 29 in the Central; and 46.2% in the 
Northern Pacific).

Catch and travel distances from most 
recent trips: At the time of the interview, 

fishers reported the most recent trips ranging 
from March to August 2022 and from May 
to August in 2023. This analysis includes 13 
fishers based in the Northern Pacific, 34 in the 
Central Pacific, and 13 in the Southern Pacific 
who reported most recent fishing trips in which 
they were captains (Fig. 5). Among Southern 
Pacific fishers, 11 reported the distance trav-
eled and 12 reported the total time fishing. The 
average travel distances reported by fishers for 
their most recent trips were 13.4 ± 9.9 nm in the 
Northern Pacific, 49.4 ± 35.1 nm in the Central 
Pacific, and 30.4 ± 15.1 nm in the Southern 
Pacific (Table S5). The average total number of 
hours for the fishing trip was 6.9 ± 2.7 hours in 

Fig. 5. Released catch from fishers’ most recent trips (March to August 2022 and from May to August in 2023), by species and 
region. Aggregate answers to the question: “What species did you catch on your most recent trip?” by fishers in the Northern 
(n = 13), Central (n = 34), and Southern (n = 13) Pacific of Costa Rica. Boxplots show the distribution of the number of 
individuals reported released or caught per trip, with points indicating outliers.
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the Northern Pacific, 7.4 ± 2.2 hours in the Cen-
tral Pacific, and 6.6 ± 2.4 hours in the Southern 
Pacific (Table S5). Only travel distance to fish-
ing grounds varied significantly across regions 
for the most recent trip reports (Kruskal-Wallis, 
p <0.001; Table S6). Post-hoc Dunn tests (Table 
S7) show that fishers in the Central (p <0.001) 
and Southern Pacific (p = 0.037) traveled sig-
nificantly longer distances than those in the 
Northern Pacific. Trip distances did not differ 
significantly (p > 0.05) between fishers in the 
Central vs. Southern Pacific.

In the most recent trips, sailfish and blue 
marlin were generally the most prevalent report-
ed releases, particularly in the Central Pacific 
(Table S8). Central Pacific fishers released on 
average 2.1 ± 2.5 sailfish and 2.3 ± 3.6 blue 
marlin per trip, representing the highest num-
bers of billfish among regions. Northern Pacific 
fishers also reported sailfish releases (1.7 ± 1.3), 
while Southern Pacific fishers released fewer 
sailfish (0.5 ± 1.0) but comparable numbers of 
blue marlin (1.5 ± 1.8). Striped and black mar-
lin were each reported only once, both in the 
Central Pacific, and were not reported in the 
Northern and Southern Pacific. 

Releases and catches of inshore species, 
roosterfish and snook, were rare overall, with 
most reports coming from fishers in the North-
ern Pacific (0.3 ± 0.8 roosterfish and 0.3 ± 1.1 
snook; Table S8). Wahoo only had two reports 
in the Central Pacific and none in the Northern 
and Southern Pacific. Mahi-mahi and yellowfin 
tuna were reported in all regions, though pat-
terns differed. Mahi-mahi was captured and/or 
released most frequently in the Central Pacific 
(0.9 ± 2.0), with fewer reports in the Southern 
(0.5 ± 1.2) and Northern (0.5 ± 1.0) Pacific. Yel-
lowfin tuna stood out in the Southern Pacific, 
with an average of 2.2 ± 4.6 tuna caught and/
or released per trip; however, this pattern was 
strongly influenced by a few trips with very 
large catches (up to 15 tuna), while most South-
ern Pacific trips reported few or none. In the 
Central (0.5 ± 1.4) and Northern Pacific (1.0 ± 
1.5), yellowfin tuna releases were more moder-
ate and more consistent among trips.

Kruskal–Wallis tests (Table S9) indicated 
significant differences among regions in the 
number of sailfish reported on fishers’ most 
recent trip (p = 0.029). For other species, no 
significant regional differences were detected 
(all p > 0.05). Post-hoc Dunn tests (Table S10) 
revealed that sailfish catches in the Central 
Pacific were significantly higher than those in 
the Southern Pacific (p = 0.031) while no signif-
icant difference was observed between Central 
and Northern Pacific fishers and Southern and 
Northern Pacific fishers (p > 0.05). 

Improvements in fishing equipment and 
technologies: 40 fishers in the Central and 
Northern Pacific regions were asked about 
changes in fishing technology and infrastruc-
ture (Fig. 6). Of these, nine did not respond to 
the item on sonar technology (five in the Cen-
tral Pacific and four in the Northern Pacific), 
and nine did not respond to the item on radar 
technology (two in the Central Pacific and 
seven in the Northern Pacific), as they did not 
use these devices. Items were measured on a 
5-point Likert scale (1 = Greatly Worsened, 5 = 
Greatly Improved). 

Overall, fishers reported improvements 
in most categories of fishing technology and 
infrastructure (Fig. 6). In the Northern Pacific, 
the greatest gains were reported for fishing 
gear (100%), communication with other boats 
(86%), sonar technology (80% of fishers), and 
navigation technology (79%). More moderate 
improvements were noted for radar technol-
ogy (71%) and the number of rigs (57%), while 
perceptions of boat size improvements were 
evenly split (50% reporting no change and 50% 
reporting improvement). Improvements in bait 
type were reported by only 29% of Northern 
Pacific fishers. 

In the Central Pacific, reported improve-
ments were even more pronounced, with near-
ly all respondents indicating positive changes 
in navigation technology (96%), fishing gear 
(92%), radar technology (88%), boat size (81%), 
and communication with other boats (81%). 
More moderate improvements were report-
ed for sonar technology (71%) and bait type 
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(69%), while perceptions of improvements in 
number of rigs were mixed (46% reporting 
improvement, 54% reporting no change).

DISCUSSION

This study provides new insights into the 
spatial and temporal dynamics of Costa Rica’s 
sport and tourism fisheries, highlighting poten-
tial regional differences and similarities that 
shape fishing activities along the Pacific coast 
of Costa Rica. Although it is important to 
note caveats such as a relatively small sample 

size and the scarcity of official and scientific 
data for contextualization, the patterns identi-
fied in fishing grounds, target species, and 
other aspects of fishing practices offer impor-
tant considerations for fisheries management 
and conservation.

Fisher-reported fishing areas and seasonal 
activity provide valuable insights that help fill 
spatio-temporal gaps in knowledge of billfish 
distributions and fishing access, particular-
ly in regions where systematic monitoring is 
limited. Accordingly, spatial patterns derived 
from participatory mapping are interpreted as 

Fig. 6. Reported changes in fishing technology and equipment, by category and region. Bars show the percentage of fishers 
in the Northern (up to n = 14) and Central Pacific (up to n = 26) of Costa Rica who rated changes on a 5-point Likert scale 
(1 = greatly worsened, 5 = greatly improved). Non-responses for sonar and radar reflect that some fishers do not use these 
technologies.
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generalized regional representations of fish-
ing activity rather than precise fishing loca-
tions. Although sailfish and blue marlin are 
highly migratory species, participatory map-
ping revealed that most fishing hotspots for 
these species occur within the first 60 nautical 
miles of Costa Rica’s Pacific coast, underscor-
ing the importance of coastal and shelf-asso-
ciated waters for sport and tourism fisheries. 
This finding is consistent with previous stud-
ies showing that billfish often associate with 
continental shelf breaks and seamounts, which 
are key fishing grounds for recreational fleets 
(Campbell et al., 2003; Morato et al., 2010; 
Richert et al., 2017). Furthermore, the broader 
offshore extent of blue marlin fishing grounds 
identified in the participatory mapping may 
reflect species-level differences in habitat use. 
Although these data cannot confirm habitat 
preferences, previous studies have shown that 
sailfish tend to associate more strongly with 
coastal waters than blue marlin (Ortiz et al., 
2003; Bubley et al., 2020). 

Beyond billfish habitat-related factors 
that may influence the spatial distribution of 
fishing grounds, access to these areas is also 
strongly shaped by economic and logistical 
constraints. Many sport fishers operate smaller 
vessels or charter boats that are subject to cost 
limitations, boat size restrictions, and regula-
tions established by charter companies and the 
government authorities (MOPT, 2024). The 
prominence of these near-shore hotspots, as 
described by fishers, highlights both the ecolog-
ical and socioeconomic value of coastal habitats 
for billfish and the fisheries that target them. 
This information provides spatial information 
relevant to ongoing management efforts, such 
as the exclusion of the tuna purse-seine fleet 
from the first 80 nautical miles off the coast 
(Asamblea Legislativa de Costa Rica, 2022).

Fishing grounds were not confined to 
a single region within the Pacific Coast of 
Costa Rica, as many fishers reported operating 
across multiple regions. Southern Pacific fishers 
were the most likely to extend their activities 
beyond their home region, Central Pacific fish-
ers showed a mix of local and multi-regional 

fishing, and Northern Pacific fishers largely 
restricted their fishing to their home waters. 
Although this inquiry did not explicitly capture 
seasonal patterns, fisher movements are likely 
influenced by seasonality, oceanographic con-
ditions, and tourism. Unprompted comments 
during interviews provided additional context 
for these spatial dynamics. For example, several 
Northern Pacific fishers noted that they travel 
south to the Central Pacific during the dry sea-
son, when strong winds and associated oceanic 
conditions limit offshore fishing in northern 
waters. Fishers from both the Northern and 
Southern Pacific also mentioned fishing in the 
Central Pacific during major tournaments, such 
as those documented by Marrari et al. (2023) 
and Ehrhardt et al. (2025). In addition, the 
Central and Northern Pacific regions support 
a higher-volume tourism model compared to 
the lower-intensity, ecotourism-based economy 
of the Southern Pacific (Hunt et al., 2015). This 
difference may contribute to more consistent 
year-round touristic fishing activity in these 
northerly regions, potentially attracting fishers 
from the Southern Pacific during Costa Rica’s 
low tourism season in the rainy months. These 
reported cross-regional movements highlight 
the need for sport and touristic fishing activ-
ity to be managed holistically, recognizing that 
fishers frequently operate dynamically along 
the coast and do not necessarily remain within 
the region of their home port.

Fisher-reported seasonal peaks for sailfish 
and blue marlin likely reflect a combination 
of the movement ecology of these species as 
well as the accessibility of these species to fish-
ers driven by ecological and oceanographic 
processes such as habitat compression, socio-
economic factors such as tourism season, and 
logistical constraints related to sea conditions. 
In the Central and Southern Pacific, sailfish 
peaks occurred during the dry season, while 
blue marlin fishing peaks extended later into 
the year across mostly rainy months—a pattern 
consistent with regional recreational fisheries 
datasets. A different study using recreational 
fishing reports from the Southern Pacific of 
Costa Rica showed that sailfish sightings per 



16 Revista de Biología Tropical, ISSN: 2215-2075 Vol. Vol. 74 (S2): e202612472, mayo 2026 (Publicado Set. 04, 2026)

unit effort (SPUE) peaked during dry season 
(January-April), whereas blue marlin SPUE 
peaked in May, August, and November, cor-
responding to rainy season and the transitional 
month of November (Haulsee et al., 2022). 
These patterns align with our finding that 
Southern Pacific fishers identify the dry season 
as a better period for fishing sailfish com-
pared to blue marlin. Similarly, another study 
using recreational fishing reports from Costa 
Rica also showed peaks for sailfish between 
January and April in the Southern and Central 
Pacific, which were positively associated with 
warm, oxygen-rich surface waters but nega-
tively correlated with sea surface temperature 
at a three-month lag, consistent with increased 
prey production following cooler, upwelling-
favorable periods (Marrari et al., 2023). These 
studies, based on recreational fishing reports 
in Costa Rica and the broader ETP, show that 
seasonal and interannual changes in SST, ther-
mocline depth, and nutrient supply likely influ-
ence both prey availability and the extent of 
oxygenated surface habitat for billfish in Costa 
Rica. Additionally, because the dry season coin-
cides with Costa Rica’s tourism high season, 
increased charter activity during these months 
may also influence reported fishing effort and 
encounter rates, potentially reinforcing sea-
sonal patterns reported by fishers. 

In contrast, fishers in the Northern Pacific 
identified the rainy season as the best period for 
fishing both sailfish and blue marlin. This pat-
tern appears to reflect operational constraints: 
during the dry season (November–April), the 
region experiences intense northeasterly winds 
associated with the Papagayo jet (Pennington 
et al., 2006), which produces hazardous sea 
conditions that fishers report as limiting boat 
access. Yet off the coasts of Central America 
and Southwest Mexico, seasonal wind jet events 
like this one are known to drive strong coastal 
upwelling, shoal the thermocline, and verti-
cally compress the suitable habitat for pelag-
ic predators. In Guatemala, these conditions 
have been shown to increase sailfish acces-
sibility by concentrating both prey and preda-
tors in shallow, oxygenated layers (Ehrhardt & 

Fitchett, 2006; Ehrhardt et al., 2025). Therefore, 
even though upwelling might enhance sailfish 
availability in other parts of Central America, 
including northern Costa Rica, fishers’ access 
to offshore grounds is limited by the strong 
Papagayo winds. In contrast, the influence 
of the Papagayo jet weakens in Costa Rica’s 
Central and Southern Pacific, where upwell-
ing plumes and mesoscale eddies generated 
by both the Papagayo and Panama gap winds 
help to maintain elevated productivity in these 
regions (Chelton et al., 2000; Marrari et al., 
2023), enabling fleets in these regions to exploit 
increased sailfish availability associated with 
these oceanographic conditions. These mecha-
nisms remain hypotheses, and more data on 
sailfish and blue marlin habitat use are needed 
to disentangle the social and ecological factors 
likely underlying fishing grounds and seasonal 
patterns reported by fishers in this study. Fur-
thermore, differences between species in the 
best fishing months reported by fishers may 
also reflect perceived changes in the availabil-
ity of one species, prompting fishers to redi-
rect effort to the other species during certain 
months (Haulsee et al., 2022; Thurstan et al., 
2018). Despite these patterns, many fishers 
emphasized that both sailfish and blue marlin 
are targeted year-round, underscoring the con-
sistent importance of these species to the sector.

Regional differences in mean releases of 
sailfish and blue marlin reported in the most 
recent trips, representing a limited snapshot of 
highly variable fishing activity in the rainy sea-
son, likely reflect a combination of ecological 
and social factors, which cannot be disentan-
gled based on this study alone. Higher reported 
catches in the Central Pacific may be due to 
greater local billfish availability during the rainy 
season; however, additional movement ecology 
studies in this region are needed to clarify pos-
sible differences in billfish availability along 
the Pacific coast of Costa Rica. Central Pacific 
fishers also reported traveling the farthest dis-
tances offshore, followed by Southern Pacific 
fishers, while Northern Pacific fishers reporting 
the shortest offshore trips. Longer offshore dis-
tances may reflect regional differences in local 
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environmental conditions that require traveling 
farther to reach better fishing grounds, as well 
as differences in the fishers’ capacity to venture 
farther offshore. Greater offshore access may 
increase the likelihood of encountering bill-
fish, which typically occupy pelagic, offshore 
habitats (Clyde-Brockway et al., 2025; Haulsee 
et al., 2022). More broadly, recreational fish-
ing effort is structured by access constraints, 
including vessel range and proximity to access 
points, with capacity mediating where and how 
intensively fishing occurs (Stuart-Smith et al., 
2008). In the Central Pacific, greater infrastruc-
tural capacity, reflected in larger marinas and 
higher reported improvement in fishing equip-
ment and boat size observed in this study, may 
partly explain the higher offshore activity and 
reported releases of sailfish and blue marlin. 
Enhanced infrastructure allows fishers to travel 
farther and target pelagic species more consis-
tently compared to fishers in the Northern and 
Southern Pacific. 

More limited offshore activity in the North-
ern Pacific is likely influenced by a greater 
focus on coastal species and by seasonal winds 
that restrict fishing during the dry months. 
Other factors potentially influencing reported 
distances and catches include variable access 
to fish aggregating devices (FADs) along the 
Pacific coast and regulations limiting how far 
fishers can travel offshore—whether imposed 
by charter operators and boat owners or estab-
lished by the government (MOPT, 2024). The 
distribution and use of FADs in Costa Rica, 
however, remain undocumented in the scien-
tific literature and official reports. Given the 
limited number of trips and the inherent vari-
ability of pelagic fisheries, these results should 
be interpreted as indicative of possible regional 
tendencies rather than precise estimates of 
catch rates.

Reports of general improvements in fish-
ing technology and infrastructure across the 
Northern and Central Pacific from this study 
suggest ongoing economic incentives to expand 
sport and touristic fishing capacity, although 
persistent regional discrepancies likely reinforce 
the differences observed in fishing practices. 

While fishers in both regions reported equip-
ment and technological upgrades, improve-
ments were more commonly reported in the 
Central Pacific, where 81% of fishers noted 
increases in boat size compared to 50% of 
fishers in the Northern Pacific. The greater 
perceived improvements in boat size together 
with a higher proportion of fishers conducting 
overnight trips and a larger share of sportfish-
ing licenses (associated with private boats) 
in the Central Pacific, may indicate a greater 
financial capacity to invest in vessels and gear 
in this region. These factors may help explain 
why Central Pacific fishers traveled farther 
offshore and reported higher billfish releases 
on their most recent trips. Greater capacity in 
the Central Pacific may also facilitate the more 
extensive cross-regional movement reported by 
fishers from this region compared to those in 
the Northern Pacific. Additionally, investments 
in fishing equipment, vessel quality, and marina 
infrastructure may reinforce regional tourism 
patterns, especially since boat and crew quality 
have been shown to be among the main factors 
influencing tourist satisfaction in Costa Rica’s 
sportfishing sector (Soto Jiménez et al., 2010; 
Martínez-Vázquez et al., 2021). This, in turn, 
can drive further investment in fishing opera-
tions. Together, these patterns highlight the role 
of socioeconomic and infrastructural differ-
ences in shaping regional variability in fishing 
effort and outcomes, with important implica-
tions for fisheries management. However, these 
observations should be interpreted cautiously 
as the data reflect perceptions of change in fish-
ing equipment rather than measured vessel and 
gear characteristics. 

This study highlights the value of fishers’ 
knowledge in filling data gaps of the sport and 
tourist fishery, providing a holistic perspective 
that integrates fishers’ ecological observations, 
socio-economic realities, and fishers’ daily 
interactions with the fishery. Because these 
intertwined social processes shape how eco-
logical experiences are perceived and recalled, 
interpreting fishers’ knowledge requires col-
laborative research approaches that center par-
ticipation and co-creation. Such approaches 
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for integrating fishers’ knowledge into science 
and management are increasingly important 
as fisheries management moves toward inte-
grated, ecosystem-based frameworks that must 
incorporate ecological, economic, social, and 
institutional dimensions (Stephenson et al., 
2016). By documenting spatial dynamics, sea-
sonal activity, potential regional differences in 
catch patterns, and improvements in fishing 
equipment and technology of sport and tour-
ist fisheries, this study provides foundational 
information into fishing dynamics. These find-
ings can inform future research that leverages 
fishers’ ecological knowledge to support the 
management of ecologically and socioeconomi-
cally important target species such as billfish. 
This also highlights the importance of system-
atic and reciprocal engagement with fishers to 
better understand the dynamics affecting target 
species and fishing activities. In Costa Rica, 
recreational fishing reports have previously 
been used to examine seasonal and interan-
nual patterns in billfish fisheries (Haulsee et 
al., 2022; Marrari et al., 2023), illustrating how 
fisher-generated data can support scientific 
interpretation of broader temporal trends.

Together, these findings suggest that 
effective management of Costa Rica’s sport 
and tourism fisheries would benefit from spa-
tially and temporally explicit approaches that 
account for regional differences in seasonality, 
fisher mobility, and fishing capacity. Moving 
forward, management efforts in Costa Rica 
would benefit from formal mechanisms to 
document and integrate fishers’ knowledge 
across spatial and temporal scales. This could 
include systematic collection and maintenance 
of fishing trip reports, participatory mapping 
of fishing activities, and incorporation of qual-
itative perspectives on changing conditions 
and fisheries management. Such approaches 
could better align management and conserva-
tion measures with fishers’ lived experiences, 
ultimately contributing to the sustainability 
of both target species and the livelihoods that 
depend on them.

Author contribution statement: Daviana 
Berkowitz-Sklar conceived the study, designed 
the survey and methods, conducted interviews, 
carried out the analysis, and led the writing. 
Henry Marín Sandoval contributed to the con-
ceptualization, conducted additional research, 
and assisted with manuscript preparation. Dan-
ielle Bates and Hannah Blondin contributed 
to the conceptualization of the study, assisted 
with survey design, and provided feedback on 
the manuscript. Michelle María Early Capist-
rán provided substantive review and editing. 
Oswald Schmitz contributed to the conceptual-
ization, methodology, survey design, investiga-
tion, and writing. Larry Crowder contributed 
to the conceptualization, methodology, survey 
design, investigation, and writing, and secured 
funding. All authors reviewed and approved the 
final manuscript.

Ethics statement: (Do not modify - Exclu-
sive use of RBT) The authors declare that 
they all agree with this publication and that 
they have made contributions that justify their 
authorship; that there is no conflict of interest 
of any kind; and that they have complied with 
all relevant ethical and legal requirements and 
procedures. All sources of funding are fully and 
clearly detailed in the acknowledgements sec-
tion. The respective signed legal document is in 
the journal’s archives.

See supplementary material
a11v74s2-suppl. 1

ACKNOWLEDGMENTS

We thank the participating fishers for shar-
ing their knowledge and time, which made this 
study possible. We thank Todd Staley, Marina 
Marrari, and Moisés Mugg from the Federación 
Costarricense de Pesca (FECOP), as well as Luis 
Gabriel Coronado Díaz, for their input on the 
interview protocol, and Lissy Ruiz Gonzaga for 
assistance in the interview process. Finally, we 



19Revista de Biología Tropical, ISSN: 2215-2075, Vol. 74 (S2): e202612472, mayo 2026 (Publicado Set. 04, 2026)

acknowledge the generous funding provided by 
Pure Edge, Inc. and Yale University.

REFERENCES

Alfaro, E. J. (2002). Some characteristics of the precipitation 
annual cycle in Central America and their relationships 
with its surrounding tropical oceans. Tópicos Meteoro-
lógicos y Oceanográficos, 9(2), 88–103.

Arlinghaus, R., Cooke, S. J., Sutton, S. G., Danylchuk, A. J., 
Potts, W., Freire, K. de M. F., Alós, J., da Silva, E. T., 
Cowx, I. G., & van Anrooy, R. (2016). Recommenda-
tions for the future of recreational fisheries to prepare 
the social-ecological system to cope with change. 
Fisheries Management and Ecology, 23(3–4), 177–186. 
https://doi.org/10.1111/fme.12191

Asamblea Legislativa de Costa Rica. (2005). Ley de Pesca 
y Acuicultura N° 8436. https://www.incopesca.go.cr/
acerca_incopesca/normativa/ley_de_pesca_y_acui-
cultura_ley_n_8436.pdf

Asamblea Legislativa de Costa Rica. (2022). Ley N° 10304: 
Ley para recuperar la riqueza atunera de Costa Rica y 
promover su aprovechamiento sostenible en beneficio 
del pueblo costarricense. https://asamblea.go.cr/sd/
Lists/Archivo_Leyes/DispForm.aspx?ID=2207&Con
tentTypeId=0x010027F4CF5CCAE4F047BABD7F5
711AD329C#:~:text=Crea%20el%20fideicomiso%20
para%20fomentar,%22

Baum, J. K., & Worm, B. (2009). Cascading top-down 
effects of changing oceanic predator abundances. 
Journal of Animal Ecology, 78(3), 699–714. https://doi.
org/10.1111/j.1365-2656.2009.01531.x 

Bessesen, B. L., & González-Suárez, M. (2021). The value 
and limitations of local ecological knowledge: Lon-
gitudinal and retrospective assessment of flagship 
species in Golfo Dulce, Costa Rica. People and Nature, 
3(3), 627–638. https://doi.org/10.1002/pan3.10219

Bradburn, N. M., Rips, L. J., & Shevell, S. K. (1987). 
Answering autobiographical questions: The impact of 
memory and inference on surveys. Science, 236(4798), 
157–161. https://doi.org/10.1126/science.3563494

Bubley, W., Galuardi, B., Dukes, A., & Jenkins, W. (2020). 
Incorporating depth into habitat use descriptions for 
sailfish Istiophorus platypterus and habitat overlap 
with other billfishes in the western North Atlantic. 
Marine Ecology Progress Series, 638, 137–148. https://
doi.org/10.3354/meps13239

Campbell, R. A., Pepperell, J. G., & Davis, T. L. O. (2003). 
Use of charter boat data to infer the annual availability 
of black marlin, Makaira indica, to the recreational 
fishery off Cairns, Australia. Marine and Freshwa-
ter Research, 54(4), 447–457. https://doi.org/10.1071/
MF01275  

Chacón-Cascante, A., & Marín Sandoval, H. (in press). 
How much wealth and wellbeing does recreational 
fishing generate in Costa Rica. Frontiers in Environ-
mental Economics.

Chaves-Campos, J., Marrari, M., & Mug Villanueva, M. 
(2025). Temporal trends in relative abundance of bill-
fish and other large pelagic fish in recreational fishe-
ries of Costa Rica. Fisheries Management and Ecology, 
32(6), 499–515. https://doi.org/10.1111/fme.12821  

Chelton, D. B., Freilich, M. H., & Esbensen, S. K. (2000). Sate-
llite observations of the wind jets off the Pacific coast 
of Central America. Part I: Case studies and statistical 
characteristics. Monthly Weather Review, 128, 1993–
2018. https://doi.org/10.1175/1520-0493(2000)128

Clyde-Brockway, C. E., Patel, S. H., Blanco, G., Friederichk, 
S. J., Morreale, S., & Paladino, F. V. (2025). Pacific 
sailfish (Istiophorus platypterus) in the Eastern Pacific 
Ocean, association with ocean currents and seasonal 
effects of upwelling using real-time Argos locations. 
Frontiers in Fish Science, 2. https://doi.org/10.3389/
frish.2024.1476026 

La Comisión Interinstitucional de Marinas y Atra-
caderos Turísticos (CIMAT) & Instituto Cos-
tarricense de Turismo (ICT). (2021). Perfil del 
turista atraído por la pesca deportiva en las mari-
nas Los Sueños, Marina Pez Vela, Marina Banana 
Bay y Marina Papagayo. https://www.ict.go.cr/es/
documentos-institucionales/comisi%C3%B3n-mari-
nas-y-atracaderos-tur%C3%ADsticos-cimat/2113-
informe-perfil-del-turista-que-practica-pesca-turis-
tica-y-deportiva-costa-rica-19-7-2021/file.html

Creswell, J. W., & Plano Clark, V. L. (2018). Designing and 
conducting mixed methods research (3rd ed.). SAGE 
Publications.

Ehrhardt, N., Pohlot, B. G., & Brown, J. E. (2025). Seasonal 
availability and catchability of sailfish, Istiophorus pla-
typterus, in the tropical eastern Pacific Ocean off the 
coast of Guatemala. ICES Journal of Marine Science, 
82(9), fsaf152. https://doi.org/10.1093/icesjms/fsaf152

Ehrhardt, N. M., & Fitchett, M. D. (2006). On the seasonal 
dynamic characteristics of the sailfish, Istiophorus pla-
typterus, in the Eastern Pacific off Central America. 
Bulletin of Marine Science, 79(3), 589–606. 

Esri. (2023). ArcGIS Field Maps overview. https://www.
esri.com/en-us/arcgis/products/arcgis-field-maps/
overview. 

Halpern, B. S., Frazier, M., Potapenko, J., Casey, K. S., 
Koenig, K., Longo, C., Lowndes, J. S., Rockwood, 
R. C., Selig, E. R., Selkoe, K. A., & Walbridge, S. 
(2015). Spatial and temporal changes in cumula-
tive human impacts on the world’s ocean. Nature 
Communications, 6(1), 7615. https://doi.org/10.1038/
ncomms8615  



20 Revista de Biología Tropical, ISSN: 2215-2075 Vol. Vol. 74 (S2): e202612472, mayo 2026 (Publicado Set. 04, 2026)

Halpern, B. S., Walbridge, S., Selkoe, K. A., Kappel, C. 
V., Micheli, F., D’Agrosa, C., Bruno, J. F., Casey, K. 
S., Ebert, C., Fox, H. E., Fujita, R., Heinemann, D., 
Lenihan, H. S., Madin, E. M. P., Perry, M. T., Selig, E. 
R., Spalding, M., Steneck, R., & Watson, R. (2008). A 
global map of human impact on marine ecosystems. 
Science, 319(5865), 948–952. https://doi.org/10.1126/
science.1149345  

Haulsee, D. E., Blondin, H. E., Logan, R. K., & Crowder, L. 
B. (2022). Where do the billfish go? Using recreational 
catch data to relate local and basin scale environ-
mental conditions to billfish occurrence in the Eas-
tern Tropical Pacific. Fisheries Oceanography, 31(2), 
135–148. https://doi.org/10.1111/fog.12567 

Horodysky, A. Z., Cooke, S. J., Graves, J. E., & Brill, R. W. 
(2016). Fisheries conservation on the high seas: Lin-
king conservation physiology and fisheries ecology 
for the management of large pelagic fishes. Conserva-
tion Physiology, 4(1), cov059. https://doi.org/10.1093/
conphys/cov059 

Hunt, C. A., Durham, W. H., Driscoll, L., & Honey, M. 
(2015). Can ecotourism deliver real economic, social, 
and environmental benefits? A study of the Osa 
Peninsula, Costa Rica. Journal of Sustainable Tourism, 
23(3), 339–357.

Instituto Costarricense de Turismo (ICT). (2023). Informe 
de cierre 2023: Análisis de los principales indicadores 
turísticos. https://www.ict.go.cr/es/documentos-insti-
tucionales/estadísticas/informes-estadísticos/monito-
reo-turístico/2613-informe-cierre-2023/file.html  

Inter-American Tropical Tuna Commission (IATTC). 
(2024). Report on the tuna fishery, stocks, and ecosys-
tem in the Eastern Pacific Ocean in 2023. https://
www.iattc.org/GetAttachment/1ed36788-07ce-4bf4-
80e4-10c6c3b2b14d/No-22-2024_Tunas,-stocks-and-
ecosystem-in-the-eastern-Pacific-Ocean-in-2023.pdf 

Instituto Costarricense de Pesca y Acuicultura (INCOPES-
CA). (2014). AJDIP 086/2014 (Apr. 3, 2014), appro-
ving proposed amendments to Sections 2, 62, 64, 66, 67, 
68, and 69 of the Fishing and Aquaculture Act Regu-
lation. http://www.incopesca.go.cr/acerca_incopes-
ca/transparencia_institucional/jerarcas_decisiones/
acuerdos/AJDIP-086-2014%20Aprueba-propuesta-
modificacion-reglamento-lepac-36782.pdf

Instituto Costarricense de Pesca y Acuicultura (INCOPES-
CA). (2026). Licencias de pesca nacionales vigentes. 
Retrieved January 30, 2026, from https://www.inco-
pesca.go.cr/acerca_incopesca/transparencia_institu-
cional/datos_abiertos.aspx

Kitchell, J. F., Martell, S. J. D., Walters, C. J., Jensen, O. P., 
Kaplan, I. C., Watters, J., Essington, T. E., & Boggs, C. 
H. (2006). Billfishes in an ecosystem context. Bulletin of 
Marine Science, 79(3), 669–682.

Léopold, M., Guillemot, N., Rocklin, D., & Chen, C. (2014). 
A framework for mapping small-scale coastal fisheries 

using fishers’ knowledge. ICES Journal of Marine 
Science, 71(7), 1781–1792. https://doi.org/10.1093/
icesjms/fst204

Likert, R. (1932). A technique for the measurement of attitu-
des. Archives of Psychology, 22(140), 1–55.

Löki, V., Nagy, J., Neményi, Z., Hagyó, A., Nagy, A., 
Vitál, Z., Mozsár, A., & Lukács, B. A. (2023). Explo-
ring ecological knowledge in recreational fishing for 
conservation purposes: A literature review. Global 
Ecology and Conservation, 48, e02697. https://doi.
org/10.1016/j.gecco.2023.e02697  

Madrigal, K. (2017). Golfito inicia operaciones de pri-
mera fase de Golfito Marina Village. Periódico La 
República. https://www.larepublica.net/noticia/gol-
fito-inicia-operaciones-de-primera-fase-de-golfito-
marina-village 

Marrari, M., Chaves-Campos, J., Mug Villanueva, M., 
Martínez-Fernández, D., Marín Sandoval, H., & Sta-
ley Meier, T. (2023). Trends and variability in local 
abundances of sailfish Istiophorus platypterus in Paci-
fic waters of Costa Rica: Controls and effects on 
recreational fisheries. Frontiers in Marine Science, 10, 
1088006. https://doi.org/10.3389/fmars.2023.1088006  

Martínez-Vázquez, R. M., de Pablo Valenciano, J., & Capa-
rrós Martínez, J. L. (2021). Marinas and sustainabi-
lity: Directions for future research. Marine Pollution 
Bulletin, 164, 112035. https://doi.org/10.1016/j.
marpolbul.2021.112035

Mason, J. G., Alfaro-Shigueto, J., Mangel, J. C., Pajuelo, M., 
Jiménez, J., & Godley, B. J. (2019). Convergence of 
fishers’ knowledge with a species distribution model 
in a Peruvian shark fishery. Conservation Science and 
Practice, 1, e13. https://doi.org/10.1111/csp2.13

McManus, A., Hunt, W., Storey, J., & White, J. (2011). 
Identifying the health and well-being benefits of recrea-
tional fishing (FRDC Project No. 2011/217). Cur-
tin University of Technology, Centre of Excellence 
for Science, Seafood and Health (CoESSH). https://
researchportal.murdoch.edu.au/esploro/outputs/
report/Identifying-the-health-and-well-being-bene-
fits/991005637967807891

Ministerio de Planificación Nacional y Política Econó-
mica (MIDEPLAN). (n.d.). Instrumentos de pla-
nificación regional. https://www.mideplan.go.cr/
planes-regionales 

Ministerio de Obras Públicas (MOPT). (2024). Reglamento 
de zonas de navegación acuática N° 44575-MOPT. 
https://pgrweb.go.cr/scij/Busqueda/Normativa/Nor-
mas/nrm_texto_completo.aspx?param1=NRTC&nV
alor1=1&nValor2=102840&nValor3=142423&strTip
M=TC

Morato, T., Hoyle, S. D., Allain, V., & Nicol, S. J. (2010). 
Seamounts are hotspots of pelagic biodiversity in the 
open ocean. Proceedings of the National Academy of 



21Revista de Biología Tropical, ISSN: 2215-2075, Vol. 74 (S2): e202612472, mayo 2026 (Publicado Set. 04, 2026)

Sciences, 107(21), 9707–9711. https://doi.org/10.1073/
pnas.0910290107  

Moreno Díaz, M. L., & Jiménez Elizondo, K. (2022). Benefi-
cios económicos provenientes de servicios ecosistémi-
cos del Área Marina de Manejo Montes Submarinos 
(AMM MS), Costa Rica. Marine and Fishery Scien-
ces (MAFIS), 35(1), 49–65. https://doi.org/10.47193/
mafis.3512022010108  

Naderifar, M., Goli, H., & Ghaljaie, F. (2017). Snowball 
sampling: A purposeful method of sampling in qua-
litative research. Strides in Development of Medical 
Education, 14(3), e67670. https://doi.org/10.5812/
sdme.67670

Ortiz, M., Prince, E. D., Serafy, J. E., Holts, D. B., Davy, K. 
B., Pepperell, J. G., Lowry, M. B., & Holdsworth, J. 
C. (2003). Global overview of the major constituent-
based billfish tagging programs and their results 
since 1954. Marine and Freshwater Research, 54(5), 
489–507.

Organización del Sector Pesquero y Acuícola del Istmo 
Centroamericano (OSPESCA). (2007). Informe final 
del diagnóstico del proyecto regional: Manejo sostenible 
de la pesca marina, con énfasis en las especies objeto de 
la pesca deportiva. https://www.sica.int/documentos/
informe-final-del-diagnostico-2007-del-proyecto-r-
egional-manejo-sostenible-de-la-pesca-marina-co
n-enfasis-en-las-especies-objeto-de-la-pesca-depo-
rtiva_1_57382.html

Patton, M. Q. (2015). Qualitative research & evaluation 
methods: Integrating theory and practice (4th ed.). 
SAGE Publications.

Pennington, J. T., Mahoney, K. L., Kuwahara, V. S., Kolber, 
D. D., Calienes, R., & Chavez, F. P. (2006). Primary 
production in the eastern tropical Pacific: A review. 
Progress in Oceanography, 69(2–4), 285–317. https://
doi.org/10.1016/j.pocean.2006.03.012

Pollnac, R. B., & Poggie, J. J. (2008). Happiness, well-being 
and psychocultural adaptation to the stresses asso-
ciated with marine fishing. Human Ecology Review, 
15(2), 194–200.

Punt, A. E., Su, N.J., & Sun, C.L. (2015). Assessing billfish 
stocks: A review of current methods and some future 
directions. Fisheries Research, 166, 103–118. https://
doi.org/10.1016/j.fishres.2014.12.015 

Richert, J. E., Jorgensen, S. J., Ketchum, J. T., Mohajerani, L., 
& Klimley, P. A. (2017). The Importance of pinnacles 
and seamounts to pelagic fishes and fisheries off the 
southern Baja California Peninsula. Oceanography & 
Fisheries Open Access Journal, 4(2), 48–65. https://doi.
org/10.19080/OFOAJ.2017.04.555634  

Soto Jiménez, M. A., Yong Chacón, M., Gutiérrez Li, A., 
Fernández García, C., Lücke Bolaños, R., Rojas, F., 
& Gonzáles, G. (2010). Un análisis de la contribu-
ción económica de la pesca deportiva y comercial a la 
economía de Costa Rica: Informe final. Instituto de 
Investigaciones Económicas, Universidad de Costa 
Rica, Costa Rica. 

Stuart-Smith, R. D., Barrett, N. S., Crawford, C. M., Frusher, 
S. D., Stevenson, D. G., & Edgar, G. J. (2008). Spatial 
patterns in impacts of fishing on temperate rocky reefs: 
Are fish abundance and mean size related to proximity 
to fisher access points? Journal of Experimental Marine 
Biology and Ecology, 365(2), 116–125. https://doi.
org/10.1016/j.jembe.2008.08.002

Stephenson, R. L., Paul, S., Pastoors, M. A., Kraan, M., 
Holm, P., Wiber, M., Mackinson, S., Dankel, D. J., 
Brooks, K., & Benson, A. (2016). Integrating fishers’ 
knowledge research in science and management. 
ICES Journal of Marine Science, 73(6), 1459–1465. 
https://doi.org/10.1093/icesjms/fsw025

Thurstan, R. H., Buckley, S. M., & Pandolfi, J. M. (2018). 
Trends and transitions observed in an iconic recrea-
tional fishery across 140 years. Global Environmen-
tal Change, 52, 22–36. https://doi.org/10.1016/j.
gloenvcha.2018.06.002

Tico Times. (2023, February 21). Inauguration of Flamingo 
Marina in Costa Rica took place over the weekend. 
https://ticotimes.net/2023/02/21/inauguration-of-
flamingo-marina-in-costa-rica-took-place-over-the-
weekend  

Ulate, G. V. (2001). Las lluvias en América Central: Una 
climatología geográfica. Anuario de Estudios Cen-
troamericanos, 27(2), 7–19. http://www.jstor.org/
stable/25661347

Villalobos-Rojas, D., Sandoval Solano, L., & Debernardi 
Achí, S. (2021a). Impacto socioeconómico – laboral de 
Marina Pez Vela. Instituto Costarricense de Turismo 
(ICT), Costa Rica. 

Villalobos-Rojas, D., Sandoval Solano, L., & Debernardi 
Achí, S. (2021b). Impacto socioeconómico – laboral de 
Marina Los sueños. Instituto Costarricense de Turis-
mo (ICT), Costa Rica. 

Villalobos-Rojas, F., Herrera-Correal, J., Garita-Alvarado, 
C. A., Clarke, T., & Beita-Jiménez, A. (2014). Eco-
nomic activities that depend on ichthyofauna in 
the North Pacific of Costa Rica. Revista de Biología 
Tropical, 62(S4), 119–138. https://doi.org/10.15517/
rbt.v62i4.20038

Voyer, M., Barclay, K., McIlgorm, A., & Mazur, N. (2017). 
Using a well-being approach to develop a framework 
for an integrated socio-economic evaluation of pro-
fessional fishing. Fish and Fisheries, 18(6), 1134–1149. 
https://doi.org/10.1111/faf.12229 


