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Abstract: While few have contemplated the potential impacts of climate change on small-scale
fisheries and fishermen in the Colombian Pacific, understanding these effects is crucial for devising
effective adaptation strategies. This study presents the outcomes of a vulnerability assessment
related to climate change for fishermen in the Colombian South Pacific. The assessment employed a
multivariable model that considered the sensitivity of marine and coastal ecosystems that support
fishing resources alongside fishermen’s adaptability to changes in the biophysical environment.
Socioeconomic factors were also scrutinized. The study revealed that 80% of the surveyed fishermen
are at a medium to high level of vulnerability due to changes in the distribution of key commercial
species, which influences the productivity of their traditional fishing sites. Their vulnerability is
primarily attributed to low usage of fishing technologies, the boat engine’s limited propulsion capacity,
and a lack of diversity and sustainability in fishing gear. These elements increase their reliance on
fishing sites close to the coast (approximately 3 km to 5 km from the shoreline), resulting in a low
adaptive capacity for the fishermen. The dominant factor driving the sensitivity component was the
economic significance of the fishing gear and the fact that the gear could be more diverse and durable.
These findings provide a critical scientific basis for assessing the fishing sector’s vulnerability to
climate change and informing future collaborative decision-making in managing small-scale fisheries
in the Colombian South Pacific Ocean.

Keywords: climate change; vulnerability; species distribution; Colombian Pacific; fishermen; small-
scale fisheries

Key Contribution: This study serves as the first vulnerability assessment specifically focused on
the interplay between climate change and fisheries in the region. It lays the groundwork for un-
derstanding how climate change could impact fishing communities in the Colombian Pacific. Our
research reveals that small-scale fisheries are particularly susceptible to the effects of climate change.
This vulnerability is due to their limited adaptive capacity, further hampered by a lack of economic
resources and assets needed to expand their operational range into open waters. These findings
provide a foundation for formulating and implementing adaptive strategies in future scenarios. They
also inform governmental actions and cooperative efforts to benefit the territory and its communities.

1. Introduction

The contribution of small-scale fisheries (SSFs) to the socioeconomic systems of coastal
communities is widely recognized worldwide. For instance, they account for nearly half of
the world’s fish landings [1]. In Colombia, where artisanal, semi-industrial, and industrial
fishing coexist, the Pacific region contributes 80% of the country’s total catch volume
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through SSFs [2], accounting for 3% of the Gross Domestic Product (GDP) [3]. However,
SSFs are highly vulnerable to climate change’s impact on commercial species’ geographical
distribution. Global warming is altering the physical–chemical conditions of the oceans,
thereby affecting the distribution, abundance, and productivity of phytoplankton and
zooplankton—the primary levels of the trophic chain—and, consequently, other marine
species that depend on them [4–6].

Small-scale or artisanal fishing is characterized globally by various factors such as the
size of the vessel, the type of equipment used, the intended product, the distance from
the coast where the fishing occurs, or a combination of these factors [7]. In Colombia, the
primary criteria include the final destination of the catch and the fishing techniques and gear
employed [8]. Specifically, communities in the Colombian Pacific mainly engage in fishing
for economic and household sustenance. These communities typically operate within
12 nautical miles of the coastline, using wooden or fiberglass boats equipped with outboard
motors ranging from 40 to 80 HP. Notably, they often rely on traditional knowledge of the
fishing grounds rather than advanced geopositioning equipment such as GPS, radar, and
echo sounders.

Artisanal and small-scale fisheries provide the primary marine resources on Colom-
bia’s Pacific coast, making them responsible for a significant proportion of the seafood
consumed in the country. Castellanos-Galindo et al. [7] state that the gross revenues
from this industry are in the range of US$10–20 million per year. For instance, the land-
ings from artisanal and small-scale fisheries in the Pacific region in 2017 were valued
at US$10.8 million, with Buenaventura (56.9%) and Tumaco (21.2%) accounting for the
majority of the landings, as these two ports are the largest in the region [9].

The vulnerability to climate change has become a major worldwide topic of debate,
as it provides key information on how the effects of climate change can disrupt an indi-
vidual, community, or system. Its analysis has been conceived as a strategy to provide
decision-makers with tools for integrated planning of adaptation measures to guide devel-
opment [10]. The concept of climate change vulnerability was presented by the IPCC in
its Fourth Assessment Report (AR4) as an integrated function of exposure, sensitivity, and
adaptive capacity [11,12], and based on the definition of the “vulnerability context” in the
Fifth Report (AR5) [13,14]. The first two assess the potential impact of climate change on
ecosystems, while the third (adaptive capacity) assesses the response of the social system.

In the context of fisheries, exposure means the presence of people, lifestyles, species,
ecosystems, ecosystem functions, services, resources, infrastructure, or cultural, economic,
or social assets or goods in places and configurations that may be negatively affected
by climate change [15]. On the other hand, sensitivity is related to how vulnerable the
object or subject of study is. It shows how much a system responds to climatic influences
and how climate changes may change its current form [16]. It can be thought of as the
degree to which the fisheries sector will be affected by shocks and stresses due to its
susceptibility. Adaptive capacity, finally, refers to the ability of individuals to respond
to, cope with, and recover from the effects of changes or stressors. A system can adjust
to climate change, including climate variability and extremes, in a way that minimizes
damage, takes advantage of opportunities, or faces the consequences [17]. In this case, it is
related to changes in the availability of biological resources and to the impact that fishing
sector equipment, boats, and homes may have due to extreme events.

On the other hand, the concept of vulnerability context recognizes that socioeconomic
conditions, such as policy trends, distribution of economic resources, and governance, play
a significant role in exposing a system to climate-related hazards. The complexity of socioe-
conomic and policy dynamics in the fishing industry can make SSFs highly susceptible to
environmental changes, reducing their adaptive capacity [18–20]. The vulnerability of SSFs
in the Colombian South Pacific also depends on the types and diversity of fishing gear and
boats used and their economic dependence on fishing [21].

In Colombia, vulnerability assessments have mainly been conducted in the social
context to evaluate impacts on livelihoods and food security [22–24] and to manage risks
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from new weather conditions and extreme events [25–27]. Bejarano et al. [28] assessed the
level of exposure, sensitivity, and adaptive capacity of marine resources, such as corals, in
the Corales del Rosario and San Bernardo National Natural Park to climate change factors,
including sea surface and air temperature, precipitation, and ocean acidification. Herrera-
Montiel et al. [29] and Selvaraj, Rosero-Henao, and Cifuentes-Ossa [30] predicted changes
in the distribution of pelagic fish species in the Colombian Pacific Ocean under different
climate change scenarios using modeling software and satellite-derived environmental
variables such as sea surface temperature, chlorophyll-a, and ocean currents. Few studies
have examined the vulnerability of SSFs and fishermen to climate change in Colombia.
Tilley et al. [2] predicted the vulnerability of SSFs in the Pacific region to management
changes, offering insights into their sensitivity and adaptive capacity to external changes,
such as new fishery policies.

This study aims to contribute to understanding the vulnerability of artisanal fishing
and fishermen in the Colombian South Pacific to the effects of climate change. Recognizing
and categorizing a community’s vulnerability constitutes a baseline or starting point for
designing, identifying, and implementing adaptation strategies to bolster their resilience
capacity. The study applies a vulnerability assessment model to a sample of 150 fishermen
in the Nariño department in the Colombian South Pacific, surveyed in 2020. The model
assesses their sensitivity and adaptive capacity based on crucial information on household
composition, demographic characteristics, and fishing activity performance. Additionally,
exposure to climate change was evaluated by identifying changes in the distribution of
12 marine fish species. The community prioritized these species based on their local and
ancestral knowledge and their significance for commercial fishing and food sovereignty
in the region. Their importance is determined by local commercial interests, regional
and national market demand, and their desirability among households. The model also
predicts their future displacements under the Representative Concentration Pathway (RCP)
8.5 scenario by 2050 from traditional fishing grounds used by the surveyed fishermen.
In conclusion, the model developed to identify and analyze the vulnerability of artisanal
fishing on the Pacific coast of Nariño is based on the sensitivity of marine and coastal
ecosystems supporting the fishing resource and the adaptability of fishermen to changes in
the biophysical environment. It uses a multi-variable approach based on the results of a
socioeconomic characterization process.

2. Methods
2.1. Study Area

The study area corresponds to the Colombian South Pacific region, including the
departments of Nariño and Cauca (Figure 1). This study area has been named the Nariño
Economic Exclusive Zone (NEEZ) for the purpose of this study based on the area where
the artisanal fishermen of Nariño carry out their fishing tasks. The Colombian Pacific has
an Economic Exclusive Zone (EEZ) of 339,500 km2 and a coastline that extends from the
borders of Panama (7◦13′21′′ N, 77◦53′25′′ W) to Ecuador (1◦27′48′′ N, 78◦51′43′′ W) [31,32].
Its continental shelf encompasses almost five traditional fishing grounds where different
types of species can be found (straddling stocks, whitefish stocks, and demersal species)
that are harvested by industrial and small-scale fisheries [33].

The people of the Colombian Pacific are mainly Afro-descendants (>95%) who support
their income and food supply through fishing, agriculture, and resource extraction activities
such as that of timber and gold [34] and have a high dependence on natural resource
extraction [35]. A significant portion of households depend on small-scale fisheries, which
supply the local and national markets and represent between 15% and 40% of landings in
the coastal zone, for their food and income [1,36].
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2.2. Semi-Structured Survey

A semi-structured questionnaire was administered to a range of fishermen in the
Colombian Pacific, from those involved in artisanal or small-scale fishing to those classified
as semi-industrial. In this particular context, a semi-industrial fisherman is defined as
someone who employs certain technological aids in their fishing activities, such as having
multiple motors on their boat or using a radio, GPS, or sonar. Importantly, this designation
does not imply that the fisherman operates on an industrial scale with a high fishing
capacity; instead, they occupy a middle ground between artisanal and industrial fishing.
The questionnaire was divided into four (4) main sections:

1. The sociodemographic profile of the fishermen and their households;
2. The characteristics of their fishing activity;
3. Information on the main fishing species of commercial interest and used for house-

hold food;
4. Fishermen’s perception of the effects of climate change.

The questionnaire was designed to gather essential information directly from the
fishermen regarding their fishing practices. This included details about which species
they prioritize and where they typically fish them—i.e., their preferred fishing grounds
and their distance from the coast—among other important data relevant to the broader
objectives of the study, as elaborated below. Table 1 shows the details of each variable
considered in the questionnaire. The surveys were performed in March and April 2020 in
the District of Tumaco and nearby coastal municipalities in the department of Nariño. A
total of 154 fishermen were asked to fill out the surveys.

Information from the survey was encoded and checked for errors, such as incomplete
answers and missing details. However, after the initial data analysis, some entries were
removed since the respondents only caught shrimp, which was not to be analyzed in this
study. As a result, the vulnerability assessment was carried out with 150 respondents.
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Table 1. Description of the semi-structured questionnaire.

Sections in the Questionnaire Summary of Information Obtained

1. Sociodemographic information

Residence location (urban or rural)
Household location (commune)

Age
Marital status

Family composition
Education level

Income level
Length of time living in the region

2. Characteristics of Fishing Activity

Duration of time working in the fishing activity
Details of the fishing boat and gear (materials,

propulsion type, capacity)
Usage of technology in the fishing activity

Time invested in carrying out the fishing activity

3. Commercially important and
food-security-relevant species

(marine fish)

Presence of species in the fisherman’s catch
Months of the year when the species is caught

Fishing gear used to catch the species
Depth at which the species is caught

Distance from the coast where the species is caught
Fishing ground used

4. Fishermen’s perception of the effects
of climate change

Changes in environmental variables (water
temperature, tides, currents, rain)

Changes in frequency of extreme events (floods,
storms, red tides, coastal erosion)

Opinion on the causes of climate change
Source of information on climate change

Opinion on the potential measures for adapting to
climate change

Opinion on who should be managing climate change

2.3. Climate Change Vulnerability Model

The concept of vulnerability to climate change has undergone several adaptations as
publications from the Intergovernmental Panel on Climate Change (IPCC) have emerged,
making it a central theme in the climate change and development debate. For example,
Raemaekers and Sowman [10] say that knowing how vulnerable people, communities, and
systems are to climate change and its effects helps guide the development of adaptation
strategies and actions that will help society in the long run. Vulnerability analysis method-
ologies have been classified into four types: (1) qualitative, based on qualitative information
such as case studies or comparative analyses; (2) quantitative, those that combine social and
economic information, such as statistics and climate models; (3) top-down, those applied to
studies directly managed by scientists without direct information from beneficiaries, and
(4) bottom-up, those that require participatory processes and interactions with stakeholder
beneficiaries to obtain input information for analysis. Studies of resilience and assessments
of how people and the environment interact have used these methods, such as stakeholder
engagement, research actions, and community work [14].

The model used to determine how vulnerable fishermen are in the Colombian South
Pacific is based on quantitative and bottom-up methods. It considers the connections
between the ecological and social parts of the system by looking at the relationship be-
tween exposure, sensitivity, and the ability to adapt, using the IPCC’s ideas as a starting
point [11–13]. In particular, AR5 [14] emphasizes how important it is to understand expo-
sure through the potential impact on the system or object of analysis (analyzed through
components and sensitivity, which contribute to the sum in the vulnerability formula) and
adaptation efforts (analyzed through adaptive capacity, which contributes to reducing the
vulnerability to be identified, with a negative sign), taking equity and social justice into
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account, especially when dealing with vulnerable people. The variables that form part of
each component in the vulnerability model (Figure 2) were selected from the data gathered
through the survey.
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Colombian South Pacific fishermen.

In this respect, the vulnerability model developed for the fishing activity and artisanal
fishermen of the Colombian South Pacific incorporates, through the exposure component,
an analysis of the impact perceived, and potentially perceived, by the fishermen due to
changes in the distribution of the leading 12 species of interest for commercial fishing and
household food security. This analysis is of traditional and routine fishing sites in the
region and their association with diversity and fishing capacity through equipment and
fishing gear. Through the sensitivity component, the model analyzes how the sustainability
of fishing gear and the economic dependence of the fishing household on the fishing
activity could lead to a more significant impact and perceived vulnerability for the region’s
artisanal fishermen.

Finally, the adaptive capacity component groups the characteristics that allow the
fisherman his autonomy and fishing capacity, such as the boat’s material, propulsion,
fishing technology, and access to or use of essential information for decision making in
fishing planning.

2.4. Data Analysis

Data processing was performed for all the answers collected from the questionnaire.
For closed-ended questions, different answer options were assigned scores between “0”
and “1”. A score of “0” was the lowest, associated with a negative effect, and “1” was the
highest score, associated with a positive effect. For the sensitivity component, for example,
a “0” meant that the fishermen were very sensitive to the effects of climate change, while
a “1” meant that they were less sensitive to the effects of climate change. Similarly, for
adaptive capacity, “0” represented a lower adaptive capacity for the fishermen, while “1”
represented a high adaptive capacity. Lastly, the answers to open-ended questions were
put into groups and scored between “0” and “1” in the same way as the answers to the
other questions.

We analyzed the exposure component to identify the shifts in the geographic distribu-
tion of 12 commercially significant marine fish species, which contribute to the food security
and sovereignty of fishing households in the region (Table 2; Figure 3). Species distribution
models (Figure 3) were developed using an ensemble of five machine learning models,
Artificial Neural Network (ANN; [37]), Maximum Entropy (MaxEnt; [38]), Generalized
Boosting Model (GBM, also known as Boosted Regression Tree or BRT; [39]), Random Forest
(RF; [40]), and Classification Tree (CT; [41]), for the current scenario analysis, a 10-year
climatology from 1979 to 2013. These models were built based on potential changes in
the selected oceanographic variables acting as predictors of their habitat (temperature,
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salinity, net primary productivity, U currents, and V currents) under the RCP 8.5 climate
change scenario (Representative Concentration Pathways) for the medium term (2050).
In addition, we used an ensemble of four Global Circulation Models (GCMs) which in-
cluded the Max Planck Institute for Meteorology Earth System Model (MPI-ESM-MR and
MPI-ESM-LR; [42]), the Earth System Model employed by the Met Office Hadley Centre
(HadGEM2-ES; [43]), and the Centre National de Recherches Meteorologiques Earth system
model (CNMR-CM5; [44]). These were obtained from the Coupled Model Intercomparison
Project Phase 5 (CMIP5), following the specific methodology more extensively detailed in a
research article by the same authors, Selvaraj, Rosero-Henao, and Cifuentes-Ossa [30], to
analyze the potential future distribution of the 12 prioritized species of marine fish. The
RCP 8.5 represents the most unfavorable scenario concerning emissions, with a sustained
increase to the end of the 21st century. The evaluation was performed at a depth associated
with the biological preference of each species (Table 2).

Table 2. Species and depths included in the vulnerability assessment.

Biological
Category

Species Depths of
AnalysisCommon Name Scientific Name Acronym

Pelagic

Black skipjack Euthynnus lineatus El 0 m

Pacific sierra/seerfish Scomberomorus sierra Ss 17 m

Whitefin weakfish Cynoscion albus Ca 0 m

Pacific thread herring Opisthonema libertate Ol 0 m

Pacific anchoveta Cetengraulis mysticetus Cm 0 m

Benthopelagic

Spotted rose snapper Lutjanus guttatus Lg 17 m

Pacific red snapper Lutjanus peru Lp 17 m

Flathead grey mullet Mugil cephalus Mc 27 m

Demersal

Cachema weakfish Cynoscion phoxocephalus Cp 27 m

Red sea catfish Bagre pinnimaculatus Bp 17 m

Chilhuil sea catfish Bagre panamensis Bpa 54 m

Pacific bearded brotula Brotula clarkae Bc 61 m
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Figure 3. Change detection results in the distribution of the 12 species included in the study.

The fishing grounds and sites mentioned by the fishermen were added to these results
to figure out how much the distribution of the species would be affected by climate change.
Exposure is defined as the reduction in productivity of the fishing sites for the 12 species
assessed in this study. Scores for the different fishing grounds and sites answered by the
fishermen were assigned either “0” or “1”, with “0” representing a fishing site that will be
negatively affected in the future by the effects of climate change on the distribution of the
species, and a score of “1” representing a fishing ground that will have a positive change or
no change in the future in the distribution of the species. The evaluation criteria for the
exposure component are detailed in Table 3.
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Table 3. Definition of criteria for the qualification of the exposure component.

Change Detection
Classes Criterion 1 Criterion 2 Criterion 3

No change

If the fishing site is located in an
area where the SDM result is

“no change”, the current
distribution of the species

should be evaluated to find out
if it currently has a high or low

probability of occurrence

If it has a low probability of
occurrence (<50% probability), a

value of “0” is assigned. If it has a
high probability (>50%), a value of

“1” is assigned

If the fishing site or the fishing
area falls between two classes, the

percentage of area occupied by
said class over the area of

influence of the fishing bank must
be estimated to assign the class
that comprises the largest area

Positive change

The fishing site is completely
located within a zone of

“positive change”. A value of
“1” is assigned

If the fishing site is partially located
in a zone of “positive change” and
another class, the percentage of area

occupied by said class must be
estimated to assign the value of “1”
with respect to the area of influence

of the fishing bank

Negative change

The fishing site is located
entirely within a zone of

“negative change”. A value of 0
is assigned

If the fishing site is partially located
in a zone of “each class” and

another class, the percentage of area
occupied by said class must be

estimated to assign the value of “0”
with respect to the area of influence

of the fishing bank

Absence

The fishing site is located
entirely within a zone of

“absence”. A value of “0”
is assigned

None

The fishing site is located
outside the change detection

raster due to the
evaluated depth

In this case, a value of “0” is
assigned, because that fishing site

does not have that depth. For
example, when the fishing site is

located near the coast and the
evaluation of the species is being

performed at a depth of more than
0 m (17 m, 27 m, 54 m, or 61 m)

If the fishing site is located
outside the change detection

raster, despite the fact that the
evaluated depth is 0 m deep, the

point must be included in the
evaluation, assigning a score of
“0” or “1” as appropriate in the
evaluation change detection. For
example, when the evaluation is
performed at 0 m depth and the

fishing site is located near
the coast

The sensitivity component was evaluated based on the capacity of each fisherman
to capture a diversity of species, taking into account the type and number of fishing gear
used. The greater the number and/or diversity of fishing gear used by the fisherman, the
lower their sensitivity to the effects of climate change. The economic dependence of the
fisherman on the fishing activity was also taken into account as measured by the level of
income received from the fishing activity. So, the level of income of the surveyed fishermen
was used to measure their financial ability to deal with possible adaptation measures and
determine how much they depended on the money they made from fishing. In other
words, the higher the income from fishing, the greater the fisherman’s sensitivity to climate
change’s effects [20,45].

The diversity of fishing gear in this component serves as an indicator of the potential
capacity of the fisherman to capture different types of species and reach greater depths
if needed. The type of fishing gear used also indicates the fisherman’s sensitivity to the
sustainable use of fishing gear to conserve hydrobiological resources and habitats. Other
studies have found that using non-sustainable fishing gear can not only affect the habitats
of the species caught but can also increase the level of sensitivity of fishermen when new
regulations are put into place that prohibits or restrict their use [46].
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Each fisherman’s gear was evaluated based on the international classification of fishing
gear used by the Colombian National Authority for Aquaculture and Fisheries [47] (Table 4).
Based on the FAO Fisheries Management Guide [48], a set of criteria was made to determine
the fishing gear’s sustainability. These criteria included the effects of the fishing gear on
habitats, the selectivity of the fishing gear in terms of species size and type, and the number
of accidental catches. A numerical rating was then assigned for each evaluated criterion
to obtain a more objective assessment of the sustainability of the fishing gear. Finally,
the scores for each criterion are added to obtain the final sustainability score. The higher
the number, the greater the sustainability of the fishing gear, with a maximum score of
15 (Table 4).

Table 4. Classification of the fishing gear obtained in the survey applied to the fishermen of Tumaco.

Classification of Fishing Gear Based on AUNAP (2014) Criteria for the Evaluation of Sustainability Based on FAO (2002)

Fishing Gear
Effects of

Fishing Gear on
Habitats

Selectivity of the
Fishing Gear in

Size of the Species

Selectivity of the
Fishing Gear in the
Type of Species to

Be Captured

Bycatch Level
Susceptibility of

Fishing Gear
Abandoned at Sea Final

Score
International

General
Classification

Associated
Fishing Gear 3

Survey Responses
«Local Name» Impact Score Impact Score Impact Score Impact Score Impact Score

Purse seine
nets

Purse seine net
Beach seine

Seine net
without purse

«Ruche 1»
«Red de barco»
«Red de cerco»

Medium 2 Low 1 Medium 2 Medium 2 Low 3 10

Dragnet
fishing nets Cast net

«Malla»
«Atarraya»

«Boliche de mano»
Medium 2 Low 1 Low 1 Medium 2 Low 3 9

Trawling
gear

Trawl net
Boat dredges

«Riflillo 2»
«Changa 2»

«Chinchorro»
Alto 1 Low 1 Low 1 Alto 1 Low 3 7

Gillnets or
mesh nets

Trammel (gill
net)

Electronic
trammel

Monofilament/
multifilament

mesh

«Trasmallo»
«Red de Enmalle»

«Zangarreo o
Calambuqueo»

Low 3 Medium 2 Low 1 Medium 2 Alto 1 9

Fishing traps Traps No registration in
the survey N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

No Classifica-
tion Dynamite «Dinamita» N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Hooks and
lines

Fixed or
anchored

handline or troll

«Línea de Mano»
«Correteo, Trolling,

Curricán»
«Línea de mano

fija o anclada»
«Palangre/Nylono

Anzuelos»

Low 3 Low 1 Low 1 Medium 2 Medium 2 9

Drifting
longline or
bottom-set

longline

«Calandro»
«Espinel de fondo
Palangre/Espinel

de fondo»

Low 3 Medium 2 Medium 2 Medium 2 Low 3 12

Longline or
shallow
longline

«Boyao»
«Palangre o

Espinel somero»
Low 3 Medium 2 Medium 2 Medium 2 Low 3 12

Applicable regulation: 1 [49] Resolution 2254 of 2015 (AUNAP). 2 [50] Resolution 2526 of 1981 (INDERENA) and
[51] Resolution 695 of 2004 (INCODER). 3 [52] Law 13 of 1990 (Colombian Congress).

Finally, the qualification criteria used for the analysis associated with the fishing gear
are summarized below (Table 5).

The adaptive capacity component was defined based on the characteristics of the
boats, including the primary materials (Table 6) and mobility/propulsion system (Table 7)
and the use of technology for the fishing activity (Table 6). The greater the capacity of the
boats and use of advanced technologies, the greater the adaptive capacity of the fisherman.
The materials of the boats were scored. In the same way, the adaptive capacity score was
assigned for the use of technological aids in the fishing activity and to the variable of
access and use of information on climatic conditions to plan or carry out their fishing work
(Table 6).
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Table 5. Criteria used to assess the sensitivity score of the fishing gear.

Diversity of fishing gear
(total number of different
types of fishing gear used

by the fishermen)

If the fishermen use only one
(1) type of fishing gear, assign

a score of “0”

If the fishermen use two (2) or
three (3) types of fishing gear,

assign a score of “0.5”

If the fishermen use four (4) or
more types of fishing gear,

assign a score of “1”

Sustainability of the
fishing gear (assessed
according to the total

number of fishing gear
types that are considered

as sustainable)

If the amount of sustainable
fishing gear is greater than the
less sustainable fishing gear, a

score of 1 is assigned in the
sensitivity component for the
sustainability of fishing gear

If the number of less
sustainable fishing gear is
greater than the number of

fishing gear considered
sustainable, we proceeded to

assign the score as follows:

“0.5” if the fisher uses at least
one (1) sustainable fishing gear

“1” if among the fishing gear
used, there are two (2) or more

classified as sustainable

“0” if the fisherman does not
have any fishing gear

considered sustainable

Table 6. Classification of three (3) components of the adaptive capacity score assigned for the
vulnerability analysis.

Assigned Score Boat Materials Technological Aids Used
for Fishing

Access and Use of Information on
Weather Conditions

0 Wood only Does not use any help Does not access or use information on weather
conditions for fishing activity

0.5 Combination of wood
and fiberglass

Use some combination of
compass and/or radio

Access information on weather conditions
through newspapers, television, and/or radio

1
Combination of iron

and fiberglass
Use some combination of GPS,
web browser, sonar, compass,

and/or radio

Access information on weather conditions
through the port authority, weather stations,

cell phone, and/or internetFiberglass only

Table 7. Classification of the vessels according to their total capacity for mobilization and the assigned
adaptive capacity score.

Sum of the Horsepower of the Engines Assigned Score

No engines 0

Up to 15 HP 0.2

Up to 50 HP 0.3

Up to 75 HP 0.5

Up to 90 HP 0.7

Up to 120 HP 0.9

121 HP or more 1

After scoring all the answers from the variables in the model for each fisherman, an
average score was calculated for each component to obtain a general vulnerability score.
These scores were then categorized into five levels of vulnerability (Figure 4).

Finally, in the case of the “sensitivity” and “adaptive capacity” components, a Prin-
cipal Component Analysis (PCA) was performed to identify the variables with the most
significant weight or importance in the vulnerability analysis developed based on the
previous experience [53,54] and using R software Version 4.1.2; R.studio, PBC;Boston, MA;
United State (2022; https://www.r-project.org/; accessed on 1 February 2022).

https://www.r-project.org/
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2.5. Vulnerability by Distances from the Coast

We also looked at how vulnerable fishermen were to climate change based on where
their fishing spots were and how far away they were from the coast. The sensitivity
and adaptability parts of the vulnerability model were added together to obtain a global
rating for each fisherman. This rating was then used to divide the study area into four
(4) zones based on how far away they were from the coast. These distance zones group the
fishing sites and show how vulnerable fishermen are to the effects of climate change on the
distribution of key commercial species and how far they can travel from the coast to the
open sea with their boats and fishing gear. Four categories of distances were defined based
on the fishermen’s survey responses:

• Distance Zone 1 includes fishing sites less than 3 km from the coast and Tumaco Bay;
it includes all the fishing spots in the estuaries of the rivers that flow into the coast and
the fishing spots in Tumaco Bay

• Distance Zone 2 includes fishing sites between 3 and 5 km from the coast
• Distance Zone 3 includes fishing sites between 5 and 20 km from the coast
• Distance Zone 4 includes fishing sites located more than 20 km from the coast, includ-

ing all those in the open sea.

3. Results and Discussion

The global vulnerability of the Colombian South Pacific’s fishermen to climate change
is generally high, with almost 80% of the fishermen surveyed scoring a medium to a very
high level of vulnerability to the effects of climate change on the geographic distribution of
the 12 key commercial species that were prioritized with the local community.

Figure 5 shows the global vulnerability of the surveyed fishermen to climate change.
Since fishing is relied upon for personal consumption and economic subsistence, changes
in key species could significantly impact the economic income of fishermen’s households,
leading them to abandon the activity and search for alternative sources of income (Among
the main alternative activities, informal transport services, agriculture, the manufacture of
handicrafts, and mining stand out.) [45]. This could result in increased economic hardship
in the country due to a decreased fishing workforce and reduced fish production. Other
authors [55] determined the country’s economic vulnerability to climate change’s impacts
on fisheries. They identified Colombia as one of the most vulnerable countries due to its
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limited societal capacity to adapt to potential changes or opportunities. When establishing
the relationship between the vulnerability categories analyzed and the level of monthly
income received by artisanal fishermen due to the performance of the activity (Table 8), it
was found that the highest proportion of fishermen categorized with high vulnerability
stated that they received a net income lower than the current legal monthly minimum wage
for the year of study.
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Table 8. Relationship in terms of proportion of fishermen between categories of vulnerability and the
monthly legal income.

Vulnerability
Analysis Monthly Income from Fishing Activity

Categories

Categories

% Fishing household with the
Colombian legal monthly

minimum wage (2020)

% Fishing household with income
above the Colombian legal

monthly minimum * wage (2020)

% Fishing household with income
below the Colombian legal

monthly minimum * wage (2020)

Very high 41.82% 14.54% 43.64%

High 36.84% 18.42% 44.74%

Medium 20% 16.67% 63.33%

Low 22.22% 5.56% 72.22%

Very low --- ---- 100%

* The Current legal minimum monthly salary in Colombia, for the year 2020, corresponded to COP 877,802
(Colombian pesos) and USD 185.90 (American dollars—reference exchange rate of 03/10/2023).

3.1. Exposure

In Figure 6, we observe the exposure levels of different species based on their quartile
scores. Among the pelagic species, the Pacific anchoveta (Cm) had the highest exposure,
with all fishermen reporting a “0” score for their fishing sites. Nonetheless, only 24% of
the surveyed fishermen catch this species. The Pacific thread herring (Ol) ranked second
in terms of exposure and is caught by 32% of fishermen. The seerfish (Ss) exhibited a
high-to-medium level of exposure at the fishing sites used by 56% of surveyed fishermen,
as indicated by a third-quartile score below 0.5. Similarly, in the benthopelagic species
group, the flathead grey mullet (Mc) had the highest exposure, followed by the Pacific
red snapper (Lp); both species had third-quartile scores below 0.5. Among the demersal
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species, the Pacific bearded brotula (Bc) showed the highest exposure but is only caught by
20% of the surveyed fishermen, likely due to its deep-water habitat. Lastly, the cachema
weakfish (Cp), caught by 60% of surveyed fishermen, also demonstrated high-to-medium
exposure levels, as evidenced by a third-quartile score below 0.5.
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These trends suggest a challenging future for small-scale fishermen. Many species,
including the seerfish, Pacific anchoveta, Pacific red snapper, flathead grey mullet, Pacific
bearded brotula, and cachema weakfish, are increasingly shifting to more remote off-coast
areas. This shift poses challenges to small-scale fishermen, as it affects the majority of
current fishing sites, as illustrated in Figure 3.

3.2. Adaptive Capacity

The Principal Component Analysis identified the most critical variables in the vulner-
ability assessment grouped into two principal components (Table 9). The first principal
component is associated with the fishermen’s adaptive capacity, in which fishing tech-
nologies become an important limitation, mainly because 64% of the surveyed fishermen
do not have high-capacity technologies such as GPS and sonar. The most common tools
fishermen use in the region are compasses and radios [56]. However, they often rely on
recognizing specific symbols and landmarks in the territory to manage their location, as
reported in the case of the fishermen of the Buenaventura coast in the Valle del Cauca
department [57]. Based on their experience and ours, artisanal fishermen predominantly
use identifying elements and landmarks in the territory (such as geographical features) as
their most traditional and culturally ingrained navigation method. Approximately 24% of
the surveyed fishermen use a combination of tools and technologies, including GPS and
sonar, giving them a higher adaptive capacity to cope with changes in the distribution of
commercial species.
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Table 9. Principal components matrix with variables of importance for adaptive capacity and
sensitivity. Variables highlighted in bold correspond to the important variables in the PCA. PC1 and
PC2 explain 62% of the cumulative variance.

Variable PC1 PC2

Adaptive Capacity

Use of technologies for fishing 0.616

Total engine capacity of the boats (sum of total
HP of the engines) 0.447

Access to meteorological conditions for fishing 0.338

Construction materials of the boat 0.159

Sensitivity

Total amount of fishing gear 0.013

Sustainability of fishing gear −0.660

Monthly incomes from fishing −0.556

Another critical variable in this first component (PC1) was the total engine size of the
boats (in horsepower), which indicates the propulsion used by the fishermen. In many cases,
propulsion is achieved by rowing, limiting their ability to move to new fishing grounds that
could be located far from the coast. Moreover, 46% of the surveyed fishermen have low-
capacity engines (less than 75 HP), and 23% have no engine at all, meaning their propulsion
is achieved by rowing and their spatial range for fishing is limited. It was noted that
several fishermen surveyed mentioned that they did not have a boat, as they fished from
the bridges of the city of Tumaco. For these cases, a very high vulnerability is displayed,
as they have no adaptive capacity to overcome changes in species distribution. Most
species fished currently will no longer be present in Tumaco Bay, putting their subsistence
at risk [29,30]. Other studies have also used this information as a variable to determine
the adaptive capacity of fishermen, finding results well below the average for the Nariño
Pacific region [54].

Regarding access to and use of information related to weather conditions, it was found
that only 21% of the surveyed fishermen access and consult this type of information to plan
their fishing operations, which would allow them to make increasingly informed decisions
and anticipate potential risk situations [56,57].

3.3. Sensitivity

The second component (PC2) is related to sensitivity, where the sustainability of fishing
gear and economic dependence on the fishing activity (monthly incomes from fishing) play
a significant role in determining the vulnerability of the fishermen. Other studies have also
found this [20,58].

Regarding the sustainability of fishing gear, the assessment found that about 40% of
the fishermen use gillnets and trammel nets, which have a low sustainability index due
to their impact on ecosystems [48] and, therefore, exhibit a high sensitivity to the effects
of climate change. Furthermore, Tilley and Box [46] found that artisanal communities
in Buenaventura commonly use gillnets as their sole fishing method, increasing their
vulnerability to environmental and socio-political changes in the long term as they become
restricted in their exploitation of alternative fishery opportunities and lack the capacity to
adapt to changes in fishing regulations, particularly a ban on gillnets. The results of this
study also identify the same risk for the surveyed fishermen of the Colombian South Pacific,
as their fishing gear diversity is limited, and they often only use a gillnet or trammel net.

3.4. Vulnerability by Distances from the Coast

For the first category of distance—sites located within 3 km of the coastline—over 80%
of the fishermen have a high to medium level of vulnerability. In this area, the most common
fishing sites used by the surveyed fishermen are Salahonda, Tumaco Bay, Francisco Pizarro,
“Barco Hundido” (sunken boat), and river estuaries. When analyzed by the species they
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catch, the Pacific bearded brotula (Bc), the black skipjack (El), and the cachema weakfish
(Cp) presented the highest proportions of vulnerability among the fishermen (Figure 7).
Based on projections of their future geographical distribution, these species will not be
available in this coastal area. The species that would represent the least vulnerability for
fishermen who carry out their tasks in this distance range would be the Pacific thread
herring (Ol), the Pacific anchoveta (Cm), and the flathead grey mullet (Mc).
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The second distance category includes fishing sites between 3 and 5 km from the
coastline. The most common sites reported by the fishermen are Bocagrande, Majagual,
and San Juan. In this area, the proportion of fishermen with high vulnerability slightly
increases compared to the first distance category (85%). Regarding the species they catch,
changes are observed with the flathead grey mullet and the seerfish (Ss), reducing the level
of vulnerability of the fishermen who catch these species. On the contrary, the Chilhuil
sea catfish (Bagre panamensis) will slightly increase the vulnerability level of the fishermen
(Figure 8).
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For the third category of distance (fishing sites between 5 km and 20 km of the
coastline), the high vulnerability of the fishermen increases to 96%. This area includes the
fishing sites “Avión Hundido” (Sunken Plane) and “Ancla Hundida” (Sunken Anchor),
which are commonly used by the small-scale fishers of the region. The vulnerability
associated with the species they catch shows that 2 of the 12 are not caught in this area. In
contrast, the vulnerability of the fishermen who catch the threaded herring, the Chilhuil
sea catfish (Bpa), the spotted rose snapper (Lg), the black skipjack (El), and the seerfish (Ss)
in this area is increased (Figure 9).
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In the last category of sites located over 20 km from the coast, the high vulnerability
of the fishermen decreased to 84%. This area includes traditional fishing grounds such as
“Banco Tumaco”, “Banco Pasacaballos”, “Boya de Tsunami”, Gorgona Island, and “Banco
la República”. The vulnerability associated with the species these fishermen catch is also
reduced for several of the 12 species assessed. However, the black skipjack (El) and the
Pacific bearded brotula (Bc) continue to pose a high level of vulnerability to the fishermen
who catch them (Figure 10).
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In addition to changes in the species under study, the researchers suggest shifts in
the behavioral dynamics of both the resource and the communities that depend on or
exploit it. Other alterations may occur within biological communities, which could favor
locations closer to the coast based on biological preferences and evolving climate conditions.
These changes can affect the expected distribution cycles of marine species and even alter
perceptions and potential uses. Species that benefit from these changes may become
promising options for local consumption and commercial marketing systems [59].

4. Conclusions

The study determined the general vulnerability to climate change faced by fishermen
in the Colombian South Pacific due to changes in the distribution of key commercial species
that are categorized as the most important for the security and food sovereignty of the
coastal household by the local community’s perception. The study also identified the
species that will contribute to a higher level of vulnerability because of their reduced
productivity in the fishing grounds currently used by the fishermen. This information
provides the first assessment of its kind in the fisheries sector for this region of the country,
which is crucial for understanding climate change vulnerability and designing effective
adaptation strategies.

A significant proportion of the fishermen were found to have a high level of vulnera-
bility, with the main components playing an important role being the low use of technology
in fishing, low diversity and sustainability of fishing gear, and high economic dependence
on fishing. The species that are likely to be most affected by these changes are the Pacific
bearded brotula (Bc), the black skipjack (El), and the cachema weakfish (Cp).

Since most of the analyzed species will likely move towards open/deeper water in
the future due to climate change, the fishermen will need help catching and marketing
them, as their adaptive capacity is generally low. This is due to their inability to travel long
distances from the coast to find new fishing grounds. As a result, these fishermen will be
forced to look for other potential species to catch in their current area of influence, adapt
their boats and fishing gear to reach deeper and other fishing grounds, or find alternative
economic activities.

Other possible adaptation strategies in the face of the identified vulnerability include
making the scientific information available to the community to enable an analysis of the
impacts and effects of climate change and contribute to more informed decision-making
processes. In this regard, the project in which this research was carried out improves
implementation through a participatory approach to a geographic information system
for public access called “Geovisor Geopesca-Tumaco 1.0”. This system uses a geographic
process to make the results described here available to artisanal fishermen and decision
makers in Tumaco and the Nariño Pacific subregion.

Although this study primarily focuses on assessing the vulnerability to climate change
in fishing activity due to changes in species distribution and, as a result, the livelihood of
the fishermen, other drivers of vulnerability to climate change were also identified, such as
those related to the safety and integrity of the fishermen and their fleets during extreme
ocean events. This type of vulnerability was not directly assessed in this study, but it does
provide an idea of the robustness of the fishermen’s equipment, such as the construction
materials of their boats, and their ability to cope with extreme events, which can help
understand how they will be affected by these risks. This information was integrated into
the model through the adaptive capacity component with variables such as the construction
materials of the boats and the propulsion method used.

In the context of fisheries management, and to contribute to the sustainable manage-
ment of renewable natural resources as well as achieve the Sustainable Development Goals
(SDGs) of zero hunger (Goal 2), climate action (Goal 13), and life below water (Goal 14),
responsible fishing should prioritize decision-making that takes into account the social and
economic characteristics of communities. These communities inhabit and utilize the rele-
vant territories and ecosystems. Accordingly, the primary need for artisanal or small-scale
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fishing households is to establish and sustain their trade. This is crucial for generating
employment and income opportunities and making significant contributions to food and
nutritional security, especially in the coastal areas of the Colombian Pacific coast.
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