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Significance Statement In the last decades, many coastal areas have observed
dramatic changes in marine ecosystems, due to anthropogenic and environmental
alterations. The general absence of long-term data sets in the marine environment
and, more specifically, on benthic and demersal communities represents a severe
issue for management and conservation. We propose to incorporate the small-scale
fishers’ knowledge and science for better policy recommendations, both in terms of
fisheries optimization and resource conservation. Based on two different cases of
study with diverse ecosystems, we explore the combination of quantitative and
qualitative tools, and participative techniques used to incorporate fishers’ local
ecological knowledge. The results highlight fishers’ capacity to identify coastal
and marine landscapes resources and changes, reinforcing and complementing the
scientific assessment.
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1 Introduction

In recent decades there has been a push to use Local Ecological Knowledge (LEK
hereafter) in the design and participatory monitoring and management of Marine
protected Areas (MPAs hereafter) worldwide. While many of these studies have
occurred in indigenous areas or small coastal communities in developing nations
(e. g. Silvano & Begossi, 2012; Mellado et al., 2014), there is a growing effort to
include LEK in the design of MPA areas and their monitoring and management in
developing nations too (e. g. Scholz et al., 2004; Davies et al., 2018). In the context
of Europe, these efforts are still limited, and a few proposals have incorporated LEK
into MPA design and monitoring (Burns et al., 2020), despite there being an
increasing interest to enhance local participation and compliance (Higgins et al.,
2008). This investigation expands on these efforts by examining the use of LEK to
monitor and manage European MPAs. In this regard, we consider the incorporation
of small-scale fishers’ LEK as a value-added for coastal fisheries research, monitor-
ing, and management with the assumption that fishers’ LEK can be an essential
component in collaborative strategies and community-based management schemes
(Gerhardinger et al., 2009), particularly in the monitoring of short and long-term
changes in MPAs in Spain. In this study, we explore the fishers’ perception of
abundance for different species and fishers’ behavior and effort displacement in two
different contexts where the severe reduction of different benthic populations is
being studied due to natural and anthropogenic changes. In the first case, after a
volcano eruption affecting an MPA, we were interested in detecting any fishing
displacement, leading to an increase in operational costs. Considering the
ecosystem-services provided by this MPA (Roncin et al., 2008), we also wanted to
know the level of fishing usage of the MPA and the main species target around it and
associated LEK. In the second case, we explore the potential of fishers’ knowledge
to assess long-term-changes in crucial marine habitats. Kelp forests are essential to
maintaining the local fleet’s small-scale fisheries around the MPA, but there is a lack
of information about kelp forest changes in this MPA and areas nearby. Here, we
looked for their historical distribution and regression and their associated central
fisheries.

1.1 Case of Study Characterization

This study was carried out in two MPAs in Spain: (1) The Marine Reserve
(MR hereafter) of Punta de la Restinga and Sea of Calms (El Hierro, Canary Islands)
and (2) the Islas Atlanticas de Galicia National Park (IANP hereafter). There are
several MPA designations in Spain, including MR, National Park (NP hereafter),
Protected Biotopes, and Fishing Reserves, among others with different stakeholder
involvement degrees (De la Cruz Modino & Pascual-Fernandez, 2013). MPAs also
be established for various purposes (Jentoft et al., 2011), including fishing
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sustainability and allowing for some forms of small-scale fisheries within the
protected areas. In this regard, in some MPAs, small-scale fishers participate in the
MPAs management and maintenance through their cofradias' or fisher organisations
(Bavinck et al., 2015) with the State and regional officials.

The case of Punta de la Restinga and Sea of Calms MR is an example of how
small-scale fishers may participate in the design and monitoring/management of
MPAs’ from step zero (Jentoft et al., 2012), thus increasing their governability as
well as the MR’s role in stakeholder’s synergy building and fostering community
development (Pascual-Fernandez et al., 2018). The Sea of Calms is historically the
main fishing area for the small-scale fishers from La Restinga village, and the MR
implementation helped protect this sensitive area where small-local-fishing boats can
fish year-round (De la Cruz Modino, 2012). In October 2011, the submarine volcano
Tagoro erupted on El Hierro Island’s Southwest coast, just in La Restinga coast — see
Fig. 24.1. The Sea of Calms was heavily affected, and fishing activities were
completely officially banned for almost a year. Since then, only a few studies have
researched the role of the MR in the recovery, except by Mendoza et al. (2020), who
argued that the no-take zone showed more resilience than the buffer and fished zones
in the MR. This research suggests that no-take zones are crucial in the recovery
process after catastrophic events (Mendoza et al., 2020).

A possible displacement of the fishing effort and changes in small-scale fishers’
behavior could indicate the volcano’s effects on the benthic communities, and the
fishing concentration efforts around the MR may support Mendoza’s conclusions. In
this regard, a mapping process was initiated with fishermen’s collaboration, under
the premise that local knowledge was accurate enough and possibly complementary
to scientific knowledge, as daily fishers’ experience updates it. Participatory map-
ping (Aswani & Lauer, 2006) was not only considered as an affordable tool for
assessing the fisheries recovery because it provides practical information on the
status of fishing areas after the volcano’s eruption, but also because it can help to
evaluate the role of local monitoring of the MPA in this context. This technique was
also chosen to further the involvement of fishers and other local stakeholders in the
area’s different projects after the eruption.

In the other case study, similarly Galician cofradias have historically participated
in the dialogue between fishers, scientists, and decision-makers, facing important
community initiatives for guaranteeing fishing activity, resource management, and
the viability of the small-scale fishery in the long term (Frangoudes et al., 2008;
Perez de Oliveira, 2013). Kelp forests are one of the main habitats in temperate
coastal ecosystems that provide essential ecological and socio-economic ecosystem
services to local small-scale fisheries. However, their decline has been reported
worldwide in the last decades (Vergés & Campbell, 2020); NW Spain (Barrientos

! Cofradias are non-profit public corporations, the most important fisher organizations in Spain,
which represent this sector and take roles of consultation and cooperation for the administration,
while undertaking economic, administrative, and commercial management tasks (Bavinck et al.,
2015; Pascual-Fernandez, 1999). They have played an important role in the implementation of
Marine Reserves in Spain.
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Fig. 24.1 Tagoro volcano eruption in La Restinga coast, 201 1. (Photo: Antonio Marquez, Instituto
Volcanolégico de Canarias (INVOLCAN))

et al., 2020). In the case of the IANP, kelp forests® have disappeared in recent
decades for causes still unclear, although recent evidence suggests that their failure

2The main foundation species of kelp forest in NW Spain are Laminaria ochroleuca and Laminaria
hyperborea (Pérez-Ruzafa et al., 2003).
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to recover is possibly due to increasing herbivory pressure.® The consequences of the
loss of these kelp forests for coastal ecosystem services have remained unassessed,
and one of the significant challenges of any assessment is the lack of long-term data
sets. In this regard, we assumed in this study that fishers often know far more about
the locations of critical habitats and the distribution of marine resources than
scientists do (Johannes et al., 2000). Therefore, older fishers and seaweed harvesters
are an asset to map past and present distributions of kelp forests, the central fisheries
linked with this habitat, and any displacement of fisheries linked to the disappear-
ance of kelp.

In both contexts, we assumed that stakeholder involvement is a source of useful
information for scientists and decision-makers and considered community-based
management’s role in strengthening conservation and management initiatives.
Small-scale fishers’ knowledge of seasonal variations in marine fish behavior and
movements, marine habitat composition changes, and stock assessment (Brown
et al., 2018; Johannes et al., 2000; Teixeira et al., 2013) can potentially improve
marine governance and monitoring in the face of environmental uncertainty. Fur-
thermore, how this uncertainty is handled “with the people” can influence the
perception that local people share (Chuenpagdee et al., 2020; Jentoft et al., 2010)
in marine governance and monitoring initiatives, besides potentially increasing their
compliance with the norms if these are the result of rules they have collaborated to
develop. In sum, we consider that small-scale fishers’ collaboration and short- and
long-term environmental monitoring are essential for studying environmental
change and marine resource recovery after environmental disturbances.

2 Methods

Between 2018 and 2020, a multidisciplinary research team researched El Hierro and
Galicia (see Fig. 24.2) within the framework of various collaborative and local
stakeholder-centered research projects. Most of the Spanish small-scale fisheries
fleets are in Galicia (57.37%), Andalucia (12.85%), and the Canary Islands (9.88%)
(Pascual-Fernandez et al., 2020a, b). In El Hierro, fieldwork was mainly conducted
in La Restinga’s population, the main fishing village, and the home of the only
cofradia on the island. Throughout the year, fishers use the same gear and boats to
combine benthic and demersal fisheries, e.g., parrotfish (Sparisoma cretense) and
alfonsino (Beryx splendens), with pelagic oceanic fisheries, mainly tuna.

In the case of the IANP in Galicia, fishing is mostly conducted by fishers from
three cofradias (Vigo, Cangas, Baiona) located in Ria de Vigo, the southernmost ria

3The reasons for this phenomenon are currently being studied within the framework of the project
HERBIKELP financially supported by Biodiversity Foundation of the Ministry for Ecological
Transition and Demographic Challenge (Spain) to 2021, and results have published during 2022
(Barrientos et al. 2022a, b).
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Fig. 24.2 Study areas around the two North Atlantic Spanish MPAs

of Galicia, as well as by fishers from another cofradia further away (Bueu; Ria de
Pontevedra). For various logistical reasons, only fishers from Cangas participated” in
this research, and these are stakeholders who usually fish within the IANP year-
round, trapping several fish and shellfish species on the seaweed-beds with small
traps. Spider crab (Maja brachydactyla), octopus (Octopus vulgaris), and velvet
swimming crab (Necora puber) are the most profitable fisheries of the area, being
Galicia the most popular region in Spain in terms of octopuses’ landings (Pascual-
Fernandez et al. 2020a, b).

In both case studies, the first step was a mapping exercise with key informants,
chosen by their relation to the fishing area and the MPA, and this led to the
formulation of general maps representing the seascape of each area — see an example
in Fig. 24.5. Specifically, semi-structured face-fo-face interviews were held in El
Hierro with retired fishers and MR employees involved in surveillance tasks. In
Galicia, local scientists, and divers with knowledge of the kelp areas and who had
been working around the IANP for a long time were interviewed. A second
interview-phase was carried out from a non-probabilistic sampling approach, com-
bining semi-structured face-to-face interviews on a written questionnaire completed

* At this stage, we only have few interviews, and from one cofradia due to the COVID pandemic,
thus these are preliminary results, and more interviews are expected.
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by the interviewer and a draft-mapping to be drawn by each participant. Each
interview (0.45-1.5 h) started with an introduction to the topic, followed by a
nautical chart orientation.

In La Restinga, we wanted to know if fishers had returned to their traditional
grounds, if they fished in the same way, and how they perceived the Sea of Calms’
status five years after the total fishing ban; so, questions were divided into four
different sections in the questionnaire. The first part included basic questions about
the fishing productive unit organization (e.g., number of boats and crew) and the
characteristics of their main activities (e.g., central fisheries and fishing traps, fishing
distance, and depth-range). The second part included questions about the level of use
of the MR, with inquiries about the time of fishing in the buffer zone and fisheries
associated with the MR, among others. A third part comprised the main operational
cost of the general fishing activity, and finally, the questionnaire included some
questions about changes suffered after the volcano’s eruption and the fishers’
perception about the level of fishing recovery. The questionnaire was useful to
obtain additional information about fishers’ beliefs about the MR’s role in this
process. In this study area, we identified 25 small-scale fishing productive units
(Pascual-Fernandez, 1991) working regularly and authorized to fish inside the
MR. Considering some differences among the fishing productive units (e.g., fishing
experience, boat length, and crew size), we tried to cover different profiles choosing
the interviewers with the help of the cofradia and its President. Finally, all partic-
ipants (n = 13) were asked to mark on the map the areas where they regularly fished,
considering their main target species.

In Galicia, we wanted to detect long-term changes in kelp forest areas and
fisheries associated with this habitat using a questionnaire, which was also divided
into different sections. The first part included basic questions about Cangas
fishermen’s main fishing activity, identifying if this activity included seaweed
harvesting and, in the case of just fishing, if the activity was carried out in kelp
forest areas. A second part included questions about their general small-scale fishing
activity and target species on kelp forests, changes detected in the kelp forests (both
on target species and kelps), their perception about these changes, and how changes
had affected their activity. Specifically, fishers were asked about the presence and
increase of some fish species (Sarpa salpa) that may be responsible for the
herbivorism pressure on kelps. Finally, we asked about the specific fishing areas in
both National Park and inner Ria de Vigo, target species, and the presence/absence
of kelp forest in those areas. The latter are those areas being studied as part of the
HERBIKELP project.

In Cangas, participants (n = 10) were asked to mark on the map the areas where
they fished, the location of kelp forests, and sites where kelp have disappeared. The
cofradia had a critical facilitating role in identifying the most experienced fishers
that usually work on kelp forest areas. Two fishing units that harvest seaweeds
(Laminaria ochroleuca and L. hyperborea) in Ria de Vigo were extensively
interviewed. Besides, small-scale fishers (n = 8) who harvest target species associ-
ated with these kelp forests in Ria de Vigo and IANP were likewise interviewed.
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The purposive sampling of fishers and local users at each area seemed adequate to
generate a map incorporating LEK with the help of members of each cofradia. In
both case studies, a nautical chart 1:42000-scale of the study area was provided to
participants and fine-tipped colored pens to mark local information regarding the
change in marine ecosystems, pictures, and bathymetric maps. Finally, additional
actions were performed such as boat trips with fishers along the drawn coast in La
Restinga, visiting different fishing areas and critical grounds along the Sea of Calms,
and diving surveys to assess the status of kelp forest areas within and outside the
IANP in Galicia (Ria de Vigo).

Map produced by fishers (see Fig. 24.3) and information provided during the
questionnaire-led interviews were digitized and georeferenced into a GIS using a
polygon, line, or point shape files as needed with the help of QGIS 3.16-Hannover.
Digitized LEK maps were combined into a single map to visualize similarities and
differences in participants’ spatial information. Concerning La Restinga fishing
areas, a final map with an amalgamation of the most frequently occurring classifi-
cations through the union of individual LEK maps followed by a count of individual
data points where the overlapping layers intersected was made. Key informants and
stakeholders reviewed final maps to ensure that all information had been correctly
digitized.

3 Results

3.1 Monitoring the Small-Scale Fisheries Areas and Fishers’
Behavior After a Submarine Volcano Eruption

From the information gathered jointly with fishers, we produced a set of maps of La
Restinga and the Sea of Calms representing the main small-scale fishing areas and
fishing grounds, taking into consideration the combination of multiple fisheries, the
transition from inshore to deep-water fisheries in the studied area, and the differences
within the local small-scale fishing group. Maps show how fishers have come back
to their main fishing area around the MR and the Sea of Calms and distribute various
small-scale fisheries around the MR and the volcano eruption area, including their
traditional fisheries (see Fig. 24.4). According to the questionnaire results, fishers
interviewed recognized hand-line fishing gear usage in general (97.7%). After the
submarine eruption, most fishers affirmed that the MR and the temporary fishing
closure helped recover the fisheries, mainly parrotfish (Sparisoma cretense). This
map also highlights the diversity of the small-scale fishing activities concentrated on
the MR’s buffer zones, on the edges of the no-take zone, and in the shallowest areas.
Besides, Fig. 24.4 reflects the concentration of the shrimp traps around the volcano.
This fishery is in the same area where it was conducted before the catastrophe,
revealing the fishing usage recovery level in the area closest to the eruption, even
though fishers who fish for shrimp talked about some bottom instability in the area.
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Fig. 24.3 Example of participatory maps results (a) and complementary activities carried out in El
Hierro (b) and Galicia (c). (Source: Authors)

Finally, Fig. 24.5 compares fishing strategies for small-scale fishers using boats
<10 meters in length and between fishers with wildly different experience levels.
These maps revealed essential differences in fishers’ behavior, preferences, and
ability to access the various fishing grounds, linked to their experience and ecolog-
ical knowledge, and not by the volcano eruption effects. We found that the most
experienced fishers (e.g., boat 3, 6, 5, 9 in Fig. 24.5) could access far away fishing
grounds, even when fishing alone in small boats. These experienced and old
fishermen were specialized in costly but profitable fisheries such as the blacktail
scomber (Serranus atricauda) and fisheries over 300 and 700 meters and more
in-depth, as alfonsino (Beryx decadactylus), stout beardfish (Polymixia nobilis),
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and oilfish (Ruvettus pretiosus) among other targeted species. Variability in LEK
was high between experienced and younger fishers, and the inclusion of younger
fishers without adequate knowledge may influence fishing strategies around the Sea
of Calms. Maps revealed that less experienced fishers (e.g., boats 1 and 8 in
Fig. 24.5) might choose simple, effective, low-cost, and practical solutions and
strategies to reduce uncertainty by concentrating their fishing efforts on benthic
communities closer to shore and the MR.

3.2 Integrating Fisher Folk Knowledge to Assess Kelp
Forest Loss

In Galicia, data obtained in this first collaborative-study with small-scale fishers in
Ria de Vigo-IANP allowed the construction of an initial set of maps showing the
main areas where kelp forests have disappeared and where they are still present
(Fig. 24.6), as the most relevant fisheries linked to these habitats (Fig. 24.7).

All interviewed fishers agreed that the species Laminaria ochroleuca and
L. hyperborea have disappeared in recent decades, and most of them pointed out
their loss in the coastline of the IANP and the outermost areas of Ria de Vigo. At the
same time, all agreed that kelp forests are still present inside the Ria de Vigo and
some IANP areas. Working with local fishers, we were able to identify where kelp
forests are still present: four areas in the northern side of the Ria (From Rande to
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Fig. 24.6 Different areas with presence and absence of kelp forest in Ria de Vigo
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Fig. 24.7 Different Small-scale fisheries linked to kelp forests

Nerga beach), three on the southern side (from Vigo to Estai Cape), and nine small
areas in the IANP (Fig. 24.6). On the other hand, fishers highlighted a loss of kelp
from most of the IANP shore, from four small areas in the southern side of the Ria
(north of Toralla, south of Estai Cape and Punta Meda), and four sites on the
northern side (between Nerga and Home Cape).

Results allowed identifying the principal fisheries associated with kelp forest in
this region for the first time, highlighting the octopus, spider crab, velvet swimming
crab, or the European lobster (Homarus gammarus) as the most important commer-
cial fisheries in this Ria. Fishers also identified fishes such as the white seabream
(Diplodus sargus) and ballan wrasse (Labrus bergylta) as target species linked to
kelp forest areas (Fig. 24.7). Fishing areas shown by fishers for these species were
always the same, only changing the fishing period and the fishing gear. Parallel to
kelp retreat, fishers perceived changes in their central fisheries, and many described a
decrease in catches in areas where L. ochroleuca and L. hyperborea have
disappeared. The presence of other canopy-forming species, such as the annual
Saccorhiza polyschides or the pseudo-perennial fucoids Gongolaria baccata and
G. usneoides, could explain why these fisheries have not wholly disappeared from
these areas. Finally, both fishers and seaweed collectors agreed on an increase in
Sarpa salpa catches in the last decades, supporting the idea that herbivorism could be
behind the non-recovery of kelps around the IANP.

In Galicia, this is the first-time that fishers’ knowledge is used to assess long-term
kelp changes in forests and target species. Understanding the link between the kelp
forest loss and fishing activities changes is essential to develop better management
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practices on these socio-ecological resources on which small-scale fisheries depend.
In this regard, our results represent a first step to increase the scientific knowledge
about the loss of kelp forests in Galicia considering a major scale than specific areas
that are typically studied in ecological research. It also shows how this loss is linked
to changes in associated fisheries, affecting the local small-scale fleet.

4 Discussion and Conclusions

During the last decade, social and marine sciences have paid increasing attention to
global marine environmental changes and their consequences on small-scale fisher-
ies that have increased their vulnerability and economic uncertainty (Kolding & van
Zwieten, 2014). In this context, the general absence of long-term data sets even in a
European context represents a serious issue, and some authors have argued for the
need to incorporate small-scale fishers’ knowledge and science for better policy
recommendations, both in terms of fisheries optimization and resource conservation
(Kolding & van Zwieten, 2014). LEK represents a suitable and cost-efficient
approach for small-scale fisheries when conventional sampling methods are difficult
or expensive to implement. Using fishers’ knowledge, combining quantitative and
qualitative tools can allow for ways to design and implement natural resources
management and conservation policies locally (Aswani, 2019) under the increasing
global change.

Fishers have detailed knowledge of their resource’s environment and their fishing
practices (Neis et al., 1999). This approach’s benefits extend beyond filling gaps in
scientific knowledge, promoting fishers’ confidence and engagement with research
activities linked with the conservation and monitoring of MPAs. Working together
on building common objectives (Chuenpagdee et al., 2020) and sharing perceptions
and information about the environmental and economic problems among stake-
holders may be an agreed better approach for lasting solutions (Kolding & van
Zwieten, 2014). Diversity in ecosystems and local cultures makes it difficult to
develop a standardized method to use LEK. However, triangulation with other
data sources and comparative techniques can strengthen research results, including
the collaboration between researchers with interdisciplinary backgrounds and spe-
cialists in social and ecological sciences (Mellado et al., 2014).

Small-scale fishing communities often possess a high level of knowledge regard-
ing fish populations and marine ecology (Scholz et al., 2004). For example, in
Galicia, results agree with previous studies that showed a retreat of kelp species in
Galicia (Barrientos et al., 2020). In La Restinga, our study reinforced the no-take
zone’s value in the recovery of small-scale fisheries after the volcano was pointed
out (Mendoza et al.,, 2020), such as the recovery of some target species as
S. Cretense. In this regard, our study exemplifies the high reliability of small-scale
fisher’s information and its value facing the challenges of ecosystem management in
subtropical and temperate regions that are especially vulnerable to changes due to
disasters or global warming, such as the increasing warm-affinity species (Vergés &
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Campbell, 2020). The body of information held by fishers has a vital role in fisheries
and benthic communities’ assessment. Our research results support the research
methodology and highlight the interdisciplinary approach’s success and suitability
in both case studies. Nevertheless, going one step further, when the information is
built jointly with fishers it remains consistent and the uncertainty is reduced, turning
the scientific research and assessments more convincing to these resource users
(Neis et al., 1999) and local communities. For all the above reasons, the integration
of LEK in a European marine management context, considering its variations among
fishing groups and its role in maintaining traditional small-scale fisheries, seems a
good and reliable source of information for assessing and monitoring marine envi-
ronmental sustainability.
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