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RESUMEN (en español) 

 
Durante los últimos 50 años el mundo ha experimentado un incremento 

exponencial en desembarques pesqueros, lo cual ha llevado a la sobreexplotación del 
90% de los stocks pesqueros. Esto se atribuye principalmente a las políticas de libre 
acceso con las que se gestionan las pesquerías, las cuales permiten a los pescadores 
explotar sin límites el recurso. Sin embargo, actualmente estamos experimentando un 
cambio en el modelo de gestión de las pesquerías. Las gestión está pasando de ser 
centralizada en el gobierno a ser comunitaria. Más aún, se está comenzando a 
comprender que los humanos no son un elemento ajeno para los ecosistemas sino 
una parte esencial de un sistema vinculado social y ecológico. Como parte de este 
cambio de modelo, se han promovido estrategias alternativas de gestión como la co-
gestión y la gestión de la pesquería basada en el ecosistema. Sin embargo, para 
evaluar estas estrategias es necesario analizar el funcionamiento de pesquerías en las 
que se han implementado. 

Le pesquería del percebe en Asturias es un ejemplo único de un sistema socio-
ecológico que ha sido co-gestionado durante los últimos 20 años. Esta pesquería es 
un excelente caso de estudio para analizar el efecto de estrategias alternativas de 
gestión sobre la sostenibilidad a largo plazo. En este trabajo, hemos realizado dicho 
análisis y tratado de desvelar los principales factores socio-ecológicos que han 
favorecido su éxito. Primero, investigamos la historia del sistema de co-gestión y sus 
características socioeconómicas. Después, evaluamos el efecto de la dispersión 
larvaria y la ecología del paisaje en la pesquería y sus implicaciones en la gestión del 
recurso. Finalmente, analizamos como todos estos componentes han producido una 
pesquería sostenible a pesar del efecto de tres importantes cambios. 

El sistema de co-gestión en Asturias está compuesto por siete planes de 
gestión en el que cada uno posee su propio trasfondo social y económico. La 
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incorporación del conocimiento local ha permitido la fragmentación de los planes de 
gestión en zonas de pesca que pueden llegar a ser rocas de solo 30 m de longitud, las 
cuales reciben su propia gestión. El sistema ha incorporado el conocimiento científico y 
local a las políticas de gestión y ha empoderado a los pescadores, de los cuales el 
73% de los pescadores afirma que el sistema de co-gestión es la mejor forma de 
proteger el recurso. Nuestros resultados sugieren que la capacidad adaptativa provista 
por este sistema ha sido fundamental para gestionar una pesquería tan heterogénea 
como es la del percebe.  

Es importante incorporar las características del ciclo vital de la especie y la 
ecología del paisaje dentro de la gestión holística realizada en la afectada por el 
sistema de afloramiento costero del cantábrico, el cual es responsable del transporte 
larvario del percebe. En el mar Cantábrico las larvas de percebe pueden ser 
transportadas a decenas de kilómetros desde su punto de emisión. Esta escala de 
dispersión coincide con la escala de co-gestión del sistema. Es más, existe una 
correlación positiva entre las capturas de percebe en Asturias y la intensidad del 
afloramiento costero 4 años antes, que corresponde con el tiempo que tarda el 
percebe en alcanzar la talla comercial desde que se asienta. Por consiguiente, las 
estrategias de gestión y conservación en el área deben tomar en cuenta los efectos del 
afloramiento costero. El percebe también está influenciado por diversas variables 
topográficas. Se ha observado que la distancia a la costa, la convexidad a una escala 
de 25 km y la exposición a una escala de 1 km influyen en la calidad del recurso. De 
hecho, hemos comprobado que la inclusión de estas tres variables en nuestro modelo 
permite predecir la calidad del percebe con un 72 % de precisión. Esto tiene 
importantes implicaciones en la gestión del percebe ya que los pescadores tienden a 
explotar el recurso de mayor calidad, el cual posee mayor valor comercial.  

La pesquería del percebe en Asturias ha sobrevivido a 3 importantes cambios: 
la instauración del sistema de co-gestión, una serie de modificaciones en las políticas 
de gestión y la crisis económica. Valiéndose de estrategias adaptativas como la 
diversificación, la selectividad y las políticas flexibles de gestión. El sistema de co-
gestión ha logrado mantener o incluso incrementar las capturas por unidad de esfuerzo 
en todos los planes y ha logrado mantener precios de venta estables. Este sistema 
proporciona importantes lecciones sobre la incorporación de conocimiento local y 
científico, la colaboración entre pescadores, entidad gubernamentales y organismos 
científicos y la empoderación de los usuarios del recurso. La pesquería ha sido 
sostenible por los últimos 20 años debido a su gestión holística, adaptativa y 
participativa.  
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RESUMEN (en Inglés) 
 

The past 50 years have witnessed an exponential increase in fisheries 
captures, which has lead to the overexploitation of 90% of all fishing stocks. This is 
mainly attributed to the open-access nature of fisheries, where fishers deplete fishing 
stocks in order to pursue their own interests. Nevertheless, a paradigm shift is 
occurring in fisheries management. Fisheries are shifting from the classical top-down 
approach to bottom-up community efforts. Moreover, humans are no longer seen as 
the disruptors of the ecosystem but as an essential part of a linked social-ecological 
system. As part of this paradigm shift strategies like community participation and 
holistic management approaches have been promoted. Nonetheless, in order to 
assess the performance of these alternative management strategies real-life 
experiences must be carefully analyzed.  

The Asturian gooseneck barnacle fishery is a unique example of a complex 
social-ecological system that has been co-managed for the past 20 years. It provides 
an ideal case study to test the effect of alternative management strategies on the long-
term sustainability of the fishery. Here, we have assessed the sustainability of the 
Asturian gooseneck barnacle co-management system through time and disentangled 
some of the key socio-ecologic drivers for its success. First, we analyzed the history of 
implementation and the socioeconomic characteristics of the gooseneck barnacle co-
management system. Next, we evaluated the effect of larval dispersal and landscape 
characteristics on the fishery and their management implications. Finally, we assessed 
how all these components led to a sustainable fishery despite the effect of external and 
internal feedbacks.  

The Asturian co-management system is comprised by 7 management areas 
with heterogeneous socio-economic backgrounds. The incorporation of fishers' 
knowledge has led to within-area fragmentation of the management units down to 
single rocks as small as 30 m long, which are managed according to different 
protection levels. The system has empowered resource users and provided an 
opportunity for the use of both scientific information and fishers' knowledge to be 
integrated in management guidelines. 73% of fishers agree that the co-management 
system is the only way to protect the resource. Our results suggest the adaptive 
capacity provided by the co-management framework has been essential to manage 
this heterogeneous fishery.  
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As part of a holistic management approach, life history traits and landscape 
ecology must be incorporated in management measures. The gooseneck barnacle is 
highly affected by its environment; in Asturias the fishery is located at the fringe of an 
upwelling system, which drives their larval dispersal. Gooseneck barnacles in the 
Cantabrian Sea have a dispersal distance in the range of 10s of km that matches the 
scale of the co-management system. Furthermore, there is a positive correlation 
between catch rates and the intensity of upwelling 4-years before, this corresponds 
with the time it takes recruits to reach commercial size. Thus, management and 
conservation strategies in the area should consider the effects of coastal upwelling. 
The gooseneck barnacle is also heavily influenced by landscape-metrics. Distance to 
coast, coastal convexity at a scale of 25 km and wave exposure at a scale of 1 km 
appear to be driving the quality of the resource. This has severe management 
implications because fishers are biased towards harvesting high quality gooseneck 
barnacles, which are sold at higher market values. Thus, we generated a model that 
can predict the quality of gooseneck barnacles in a fishing zone with 72% accuracy. 
These findings stress the importance of incorporating landscape concepts and life 
history traits in holistic fisheries management. 

The Asturian gooseneck barnacle fishery has survived through 3 important 
changes: implementation of the co-management system, change in management 
policies and the national economic crisis. Through adaptive strategies, such as 
increased selectivity, diversification, and flexible management guidelines, co-
management has succeeded in maintaining or increasing catch per unit effort 
throughout all management areas and has allowed stable mean market prices. The 
Asturian gooseneck barnacle co-management system provides important lessons on 
how to embrace adaptive capacity, incorporate scientific and fishers’ knowledge in 
management guidelines, create cross-scale interactions, and empower resource users. 
The system has achieved sustainability throughout the past 20 years by employing a 
holistic, adaptive and participatory approach to fisheries management.  
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Summary 
 

 

The past 50 years have witnessed an exponential increase in fisheries captures, which 
has lead to the overexploitation of 90% of all fishing stocks. This is mainly attributed to the open-
access nature of fisheries, where fishers deplete fishing stocks in order to pursue their own 
interests. Nevertheless, a paradigm shift is occurring in fisheries management. Fisheries are 
shifting from the classical top-down approach to bottom-up community efforts. Moreover, humans 
are no longer seen as the disruptors of the ecosystem but as an essential part of a linked social-
ecological system. As part of this paradigm shift strategies like community participation and 
holistic management approaches have been promoted. Nonetheless, in order to assess the 
performance of these alternative management strategies real-life experiences must be carefully 
analyzed.  

The Asturian gooseneck barnacle fishery is a unique example of a complex social-
ecological system that has been co-managed for the past 20 years. It provides an ideal case 
study to test the effect of alternative management strategies on the long-term sustainability of the 
fishery. Here, we have assessed the sustainability of the Asturian gooseneck barnacle co-
management system through time and disentangled some of the key socio-ecologic drivers for its 
success. First, we analyzed the history of implementation and the socioeconomic characteristics 
of the gooseneck barnacle co-management system. Next, we evaluated the effect of larval 
dispersal and landscape characteristics on the fishery and their management implications. Finally, 
we assessed how all these components led to a sustainable fishery despite the effect of external 
and internal feedbacks.  

The Asturian co-management system is comprised by 7 management areas with 
heterogeneous socio-economic backgrounds. The incorporation of fishers' knowledge has led to 
within-area fragmentation of the management units down to single rocks as small as 30 m long, 
which are managed according to different protection levels. The system has empowered resource 
users and provided an opportunity for the use of both scientific information and fishers' knowledge 
to be integrated in management guidelines. 73% of fishers agree that the co-management system 
is the only way to protect the resource. Our results suggest the adaptive capacity provided by the 
co-management framework has been essential to manage this heterogeneous fishery.  

As part of a holistic management approach, life history traits and landscape ecology must 
be incorporated in management measures. The gooseneck barnacle is highly affected by its 
environment; in Asturias the fishery is located at the fringe of an upwelling system, which drives 
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their larval dispersal. Gooseneck barnacles in the Cantabrian Sea have a dispersal distance in 
the range of 10s of km that matches the scale of the co-management system. Furthermore, there 
is a positive correlation between catch rates and the intensity of upwelling 4-years before, this 
corresponds with the time it takes recruits to reach commercial size. Thus, management and 
conservation strategies in the area should consider the effects of coastal upwelling. The 
gooseneck barnacle is also heavily influenced by landscape-metrics. Distance to coast, coastal 
convexity at a scale of 25 km and wave exposure at a scale of 1 km appear to be driving the 
quality of the resource. This has severe management implications because fishers are biased 
towards harvesting high quality gooseneck barnacles, which are sold at higher market values. 
Thus, we generated a model that can predict the quality of gooseneck barnacles in a fishing zone 
with 72% accuracy. These findings stress the importance of incorporating landscape concepts 
and life history traits in holistic fisheries management. 

The Asturian gooseneck barnacle fishery has survived through 3 important changes: 
implementation of the co-management system, change in management policies and the national 
economic crisis. Through adaptive strategies, such as increased selectivity, diversification, and 
flexible management guidelines, co-management has succeeded in maintaining or increasing 
catch per unit effort throughout all management areas and has allowed stable mean market prices. 
The Asturian gooseneck barnacle co-management system provides important lessons on how to 
embrace adaptive capacity, incorporate scientific and fishers’ knowledge in management 
guidelines, create cross-scale interactions, and empower resource users. The system has 
achieved sustainability throughout the past 20 years by employing a holistic, adaptive and 
participatory approach to fisheries management.  
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“Every generation needs a new revolution.” 

- Thomas Jefferson 

 

 



 

   



1. INTRODUCTION 

 3 

1.1 Crisis and paradigm shifts in 

fisheries management 

Human activities have reshaped natural 
systems to such an extent that the current era 
is being considered the Anthropocene (Crutzen, 
2002). The technical advances achieved after 
the Industrial Revolution in the late eighteenth 
century exacerbated the depletion of natural 
resources (Berkes, Colding, & Folke, 2003; 
Worster, 1988). Currently, 90% of all fishing 
stocks are either depleted or overexploited 
(FAO, 2014). This is generally attributed to the 
open access nature of fisheries, which drives 
their depletion (Gordon, 1991). Garret Hardin’s 
prognostic statement over 60 years ago, “Ruin 
is the destination toward which all men rush, 
each pursuing his own best interest” (Hardin, 
1968) holds true today.  

The past 50 years have witnessed an 
exponential increase in fisheries’ captures in 
Europe, leading to severe stock depletions 
(Hentrich & Salomon, 2006; Lassen, Cross, & 
Christiansen, 2012). As an attempt to halt this 
depletion management strategies have been 
generated, such as the Common Fisheries 
Policy (CFP). The CFP aims to achieve 
sustainable fishing stocks while providing 
economic gain in European fishing 
communities. Nevertheless, despite these 
policies, by 2009 88% of European fishing 
stocks were overexploited (Commission of the 
European Communities, 2009). These failures 
are generally attributed to the top down 
approach of fisheries management in Europe 
(Linke & Jentoft, 2013), where fishing policies 
are a matter of international collaboration and 
lead to tensions between European and local 

actors (Symes, Steins, & Alegret, 2003). 
Furthermore, these policies have also been 
criticized for implementing subsidies that 
promote the race for fish (Hentrich & Salomon, 
2006) and failing to incorporate scientific 
knowledge into management frameworks (Daw 
& Gray, 2005). This situation has generated 
public disapproval of management policies that 
can lead to non-compliance (Khalilian, Froese, 
Proelss, & Requate, 2010). 

The small-scale fisheries (SSF)1 sector 
has traditionally been neglected by European 
fisheries management policies in favor of their 
large-scale counterparts (OCEAN2012, April 3, 
2010). Due to their heterogeneity (Béné et al., 
2007), in Europe there is no consensus as to 
what constitutes a SSF since the criteria vary 
per country (García-Flórez et al., 2014). 
Nonetheless, it is estimated that SSF represent 
more than 70% of the fishing fleet in Europe 
(Macfadyen, Salz, & Cappell, 2011). 
Furthermore, SSF are vital for the development 
of coastal zones and the supply of fisheries 
resources in Europe (Ferreira, 2012). In 2009, 
urged by the public (Ferreira, 2012), the CFP 
reforms recognized the importance of the 
small-scale fishing fleet and the incorporation 
of local actors in the decision making process 
(Commission of the European Communities, 
2009).  

The acknowledgement of SSF and 
regionalization efforts in the CFP reform is just 
one step in the current paradigm shift in 
fisheries management. The reciprocal 
relationship between society and the 
environment can no longer be ignored (Hughes, 
Bellwood, Folke, Steneck, & Wilson, 2005). 
Humans are starting to be viewed as an 
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essential part of a linked social-ecological 
system (SES), instead of simple disruptors of 
the ecosystem (Gelcich et al., 2010). Fisheries 
worldwide are shifting from the classic top-
down approach towards bottom-up efforts 
(Gutiérrez, Hilborn, & Defeo, 2011), where the 
involvement of the community is viewed as the 
only way to effectively manage fisheries 
(Pomeroy, 1995). 

 

1.2 Co-management 

Co-management is the collaboration 
between the government and the community in 
resource management (Pinkerton, 1989). It is a 
compromise between the traditional 
government centralized management and 
community self-governance (Pinto da Silva, 
2004), where both parties share rights and 
responsibilities (Pomeroy, 1995). Co-
management agreements can range anywhere 
between instructive, where governments inform 
resource users of their decisions, to informative, 
where governments delegate all management 
decisions to resource users who are only 

required to notify the government of their 
decisions (Fig. 1.1; Sen & Raakjaer Nielsen, 
1996).  

Numerous co-management systems 
have been established worldwide, with varying 
outcomes (see examples in Gutiérrez et al., 
2011). This has lead to opposing views 
towards the benefit of co-management. Some 
argue that in certain cases, despite the 
implementation of co-management agreements, 
only one of the parties exerts control over 
management decisions (Henkel, Stirrat, Cooke, 
& Kothari, 2001). In other situations, where true 
co-management exists, the decisions made by 
the resource users might only reflect the 
opinion of a privileged few (Hailey, Cooke, & 
Kothari, 2001). Furthermore, it is possible that 
reaching an agreement in these types of 
systems costs time and money (Williams, 
2004) when managers need to be able to act 
quickly (Taylor, 2001). Additionally, some 
believe resource users will aim to accomplish 
their short-term interest instead of long-term 
goals that will benefit society (Taylor, 2001).  

Nonetheless, co-management 
arrangements continue to be promoted as a 
means to obtain sustainable fisheries (Jentoft, 
McCay, & Wilson, 1998). These systems can 
successfully incorporate fishers’ knowledge 
and scientific information in management 
frameworks, as was the case in Latin American 
benthic fisheries (Castilla & Defeo, 2001). In 
some fisheries it also aided in enhancing 
fishing stocks (Defeo & Castilla, 2005). 
Furthermore, co-management is believed to 
strengthen community integration (Jentoft, 
2000) and empower resource users (Jentoft, 
2005). Perhaps one of the most important 

1 Descriptions of small-scale fisheries 
are very heterogeneous (Béné, 
Macfadyen, & Allison, 2007), however 
they generally share common 
characteristics such as being coastal-
based (Berkes, 2001), use of diverse 
fishing gears and harvest of multiple 
species (Berkes, 2003; Worster, 1988), 
and small boat sizes (< 15 meters 
length; Chuenpagdee, Liguori, 
Palomares, & Pauly, 2006). 
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characteristics of co-management is its 
capacity to adapt to changing conditions 
(Armitage et al., 2009), a trait that is essential 
in complex SES, such as fisheries (Berkes et 
al., 2003). Co-management systems generally 
follow a learning-by-doing approach, where 
continuous rounds of knowledge generation 
and problem solving are carried out (Berkes, 
2009). This adaptability allows us to 
disentangle the processes that generate 
resilience in the system (Folke et al., 2002). 

Opinions on the success or failure of 
co-management systems are often based on 
the endurance of the system (Ostrom, 1990). 
However, a long-enduring system is not 
conclusive of a sustainable system (Berkes, 
2006). To generate conclusions about 
management systems these must undergo 
empirical verification (Gardner, Ostrom, & 
Walker, 1990). In the case of fisheries, in situ 
experimentation is not plausible since it could 
affect the social-economic well being of the 
resource users. However, evaluations of long-
term data from these systems can provide 
useful information on the indicators of 
sustainability (Garcia & Staples, 2000). 

1.3 Ecosystem-based fisheries 
management and the community 

Scientists and government officials 
maintain that an effective and holistic approach 
is necessary for successful fisheries, this has 
given rise to the ecosystem-based approach2 to 
fisheries management (EBFM; e.g. Hall & 
Mainprize, 2004; Mathew, 2003; Pikitch et al., 
2004). An EBFM is based on two principles: (1) 
the ecosystem is the basis of management 
strategies (Pikitch et al., 2004) and (2) the 
ecosystem is composed of both human and 
natural elements (Pomeroy, 2005). The EBFM 
aims to maintain healthy ecosystems while 
simultaneously supporting fisheries (Pikitch et 
al., 2004), a goal that can only be achieved by 

 
Figure 1.1 Range of co-management agreements. Adapted from Sen and Raakjaer Nielsen (1996). 

 

2 According to the International Council 
for the Exploration of the Sea (2000) the 
Ecosystem-based approach is defined 
as: “Integrated management of human 
activities based on knowledge of 
ecosystem dynamics to achieve 
sustainable use of ecosystem goods and 
services, and maintenance of ecosystem 
integrity.“  
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understanding the complex socio-ecological 
background present in fisheries (Ecosystem 
Principles Advisory Panel, 1999).  

The importance of incorporating 
community participation in EBFM has been 
recognized (Curtin & Prellezo, 2010; Gilliland & 
Laffoley, 2008). However, the way they can be 
linked is unclear (Gray, 2005). According to 
Gray and Hatchard (2008), this connection can 
have several interpretations, it can be logical, 
ethical, instrumental, complementary or 
antagonistic. An antagonistic link is when 
EBFM and community participation exert 
negative effects on each other, for example 
community participation can drive management 
towards short-term socio-economic benefits 
that could lead to negative long-term effects 
upon the ecosystem (Grafton et al., 2006). In 
the complementary link despite the positive 
effect of community participation in fisheries 
management, it is not considered essential to 
ecosystem-based management (Counsell, 
2004). An instrumental link implies a mutual 
enhancement between both parts, yet they are 
not essential to each other (Gray & Hatchard, 
2008). The ethical link takes into consideration 
that the sea is a public resource, thus everyone 
is entitled to participate in its management 
(Coffey, 2005). Finally, the logical link asserts 
that you cannot have one without the other, it 
considers stakeholders an essential part of the 
ecosystem (Gray & Hatchard, 2008). If we 
consider community participation and EBFM to 
be logically linked, a bottom-up approach 
would be required in ecosystem-based 
management (de la Mare, 2005). 

The general framework for an EBFM 
consists 6 elements: (1) incorporation of 

stakeholders in all steps of the process, (2) 
establishment of environmental objectives, (3) 
incorporation of knowledge through monitoring 
and research, (4) with the information 
generated an integrated assessment of the 
status of the system should be carried out, (5) 
formulation of scientific advice, which could in 
turn affect the assessment and monitoring 
stages, and finally (6) generation of adaptive 
management strategies (Fig. 1.2; Bergen 
Declaration, 2001; Misund & Skjoldal, 2005). 

Despite having a detailed framework, 
the implementation of an ecosystem-approach 
in management policies continues to be a 

 
Figure 1.2 Diagram of the management cycle in 
an Ecosystem-based approach. Dotted arrows 
indicate that in some circumstances scientific 
advice can affect previous stages in the cycle. 

Adapted from Misund and Skjoldal (2005) and the 
Bergen Declaration (2001). 
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challenge (UNEP, 2008). Moreover, two 
important issues must be taken into 
consideration in the implementation of an 
EBFM; the role of uncertainty (Browman et al., 
2005) and possible mismatches between 
scales (Agardy, 2005). Uncertainty and change 
are crucial aspects of social-ecological 
systems (Berkes et al., 2003; Wilson, 2002). 

Marine ecosystems can be affected by 
external drivers like climate effects, market 
demands and government policies (Hughes et 
al., 2005).  Systems that embrace uncertainty 
can take advantage of these changes to 
achieve more desirable ecosystem states 
(Folke et al., 2004). EBFM and community 
based management are both confronted with 
the threat of a mismatch between management 
scales and physical, biological or socio-
economic processes. Fisheries management 
conservation efforts usually work at a local 
level, however many of the external factors 
affecting fisheries (e.g. climate change, 
degradation of marine ecosystems) occur at 
large scales that cannot be addressed by 
management (Agardy, 2005). Additionally, in 
certain systems the management scales are 

not appropriate because they are not adapted 
to the spatial scale of biological processes, 
such as larval dispersal (Hughes et al., 2005) 
and habitat distribution, in the focus species 
(Reiss, Hoarau, Dickey-Collas, & Wolff, 2009). 
From a socioeconomic perspective, the neglect 
of proper governance scales and cross-scale 
interactions in resource management can lead 
to failures in management (Cash et al., 2006). 
On the other hand, accounting for cross-scale 
interactions can generate resilient systems 
(Walker, Holling, Carpenter, & Kinzig, 2004). 
These issues, and others that might arise, 
must be assessed using real-life examples that 
incorporate both community participation and 
an ecosystem-based approach to fisheries 
management. 

1.4     The gooseneck barnacle fishery 

in Asturias 

The gooseneck barnacle (Pollicipes 
pollicipes) is a pedunculate cirripede that 
inhabits exposed rocky shores in the northeast 
Atlantic from France to Senegal (Barnes, 1996). 
Nonetheless, it is only commercialized in the 
Iberian Peninsula, where it is sold at high 

Figure 1.3 Gooseneck barnacle harvest in an exposed rocky intertidal shore. Fishers' are using the 
typical equipment: helmet, wetsuit, scraper and mesh bag. Photo: Antonella Rivera. 
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market values (Molares & Freire, 2003). Its 
harvest consists of removing the barnacles 
from exposed rocky areas using minimal 
equipment: helmet, wetsuit, a scrapper and a 
mesh bag to place the barnacles (Fig 1.3). 

The gooseneck barnacle fishery in the 
Asturian coast (Northern Spain, Fig. 1.5) is 
located at the fringe of the NW Spanish 
Upwelling system (Botas, Fernández, Bode, & 

Anadón, 1990). This fishery is currently an 
important part of the local fishing fleet 
(Gobierno del Principado de Asturias: 
Consejería de Medio Rural y Pesca, INDUROT, 
& Universidad de Oviedo, 2010). Before the 
early 1990s, gooseneck barnacles were only 
harvested occasionally by a few fishers in 
Asturias. However, in the neighboring region, 
Galicia, its high market demand led to the 
overexploitation of the fishery in the late 1980s 

Box  1.1 Notes on the biology of 

the gooseneck barnacle 
(Pollicipes pollicipes) 

 
The gooseneck barnacle is a cirripede 

of superorder Thoracica, order Pedunculata, 
family Pollicipedidae. Their external anatomy 
is formed by a muscular peduncle, which 
attaches to the substratum, and a capitulum 
that contains most of its organs (Fig. 1.4; 
Molares, 1993).  

 P. pollicipes is a simultaneous 
hermaphrodite with obligatory cross-
fertilization (Cruz & Hawkins, 1998). 
Reproduction will generally occur between 
April and September, where each individual 

 

Figure 1.4 External anatomy of Pollicipes 
pollicipes. Photo: Hans Hillewaert. 

 

broods asynchronously up to 4 times per year 
(Cruz & Araújo, 1999). Once fertilized P. 
pollicipes will carry out their embryonic 
development inside the mantle cavity for 1 
month. Subsequently, P. pollicipes larvae, 
which are adapted for dispersal, will be 
released into the water column.  

Larvae will go through 6 naupliar 
stages for approximately one month and shift 
into a cyprid stage that specializes in 
settlement for another month before settling 
(De la Hoz & Garcıa, 1993). It is common for 
larvae to settle on conspecifics (Kugele & 
Yule, 1996). Adult gooseneck barnacles are 
sessile and tend to aggregate in clusters in 
rocky intertidal areas (Barnes, 1996). 
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(Macho, Freire, & Molares, 2008). In 1990 the 
local council, led by the Dirección General de 
Pesca Marítima del Principado de Asturias 
(DGPM) identified an opportunity to 
commercialize the resource in Asturias. Stock 
assessments were carried out throughout the 
Asturian coast. After careful assessment, it 
was determined that a gooseneck barnacle 
fishery would be feasible (De la Hoz & Garcıa, 
1993). The DGPM contacted the local fishers’ 
associations and offered them the opportunity 
to be part of a gooseneck barnacle co-
management system, where they would 

receive Territorial User Rights for Fishing 
(TURFs) and be active participants in the 
management process in exchange for these 
benefits the fishers would gather detailed data 
on landings and effort. In the early 1990s a 
pilot co-managed gooseneck barnacle fishery 
was established between the DGPM and the 
Ortiguera fishers’ association. The pilot 
program was well received and in 1994 an 
official Asturian gooseneck barnacle co-
management system (AGCS) was founded. By 
1998 the co-management system had spread 
across the western Asturian coast until 
reaching its current state.  

The AGCS is comprised of 7 
management regions know as plans which are 
co-managed between the DGPM and the local 
fishers’ association; these are: Tapia de 
Casariego-Figueras, Viavélez, Ortiguera, 
Puerto de Vega, Luarca, Cudillero-Oviñana 
and Luanco-Bañugues (Cabo Peñas). Three of 
them incorporate joint management between 2 
fishers’ associations. The plans are also 
subdivided into fishing zones that are 
categorized according to the quality3 of 
gooseneck barnacles they render (Fig 1.6).  

The gooseneck barnacle fishery in 
Asturias has undergone 3 important changes: 
(1) the implementation of the co-management 
system in 1994, (2) changes in management in 
the 2004-2005 fishing season, prompted by a 
general perception of decreased resource 
abundance and a reduction in landings, and (3) 
an economic crisis which began impacting 
Spanish markets in 2008 (Fernandez-
Villaverde & Ohanian, 2010). 

Figure 1.5 Map of the gooseneck barnacle co-
management system. (A) Location (B) Asturian 
coast and the 7 plans (squares) (C) Fine-scale 
map of the Tapia-Figueras plan (D) Castelois, 

Salgueriza, Trabe  and Cabo Cebes fishing 
zones. 
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The AGCS provides an ideal case study 
to test the effect of community participation and 
holistic management in a fishery that was 
previously uncommercialized. The detailed 
data gathered by the fishers’ since 1994 at a 
fine spatial scale (sometimes down to 30 m; 
Fig 1.5) offers an invaluable source of 
information. Furthermore, its ecological 

characteristics, such as larval dispersal and 
resource quality distribution, can reveal if the 
scales of co-management are consistent with 
the spatial scale of the species’ dynamics. 
Additionally, its history can shed some light on 
the sustainability through time of a co-
management system and aid in disentangling 
its drivers. 

 

 

 

 

 

 

 

 

  

 

3 Gooseneck barnacle 
quality is determined by the 
amount of mass in their 
peduncle (Molares, 1987). In 
Asturias, quality has been 
divided into 3 classes: high, 
intermediate and low. High 
quality barnacles will have a 
short and thick peduncle 
(Fig. 1.6). 

 

 

Figure 1.6 Gooseneck barnacles of high (left) and low (right) quality. 
Photo: Antonella Rivera 
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"The preservation of the health of the planet we depend on as a living species. 

This is our existential crisis now." 

- Sean Carroll 
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General objective  

 

Evaluate the sustainability of the gooseneck barnacle co-management system in the 
Asturian coast. 

!

!

!

!

Specific objectives 

1. Describe the history of implementation and policies of the co-management system. 

2. Estimate the larval dispersal scales and assess their effect on the co-management 
system. 

3. Determine the effect of landscape measures upon the quality of gooseneck 

barnacles in the Asturian coast and its management implications. 

4. Evaluate the resilience of the gooseneck barnacle co-management system and its 

drivers. 

5. Appraise fishers’ perceptions towards the co-management system, its effects and 

adaptability.  

6. Promote the lessons learned from the system locally, nationally and internationally.  



 



3. Co-management of the gooseneck 
barnacle fishery in Asturias.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“The only kind of coercion I recommend is mutual coercion, mutually agreed up by the 
majority of the people affected.” 

- Garret Hardin 
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3.1 Introduction 

Fisheries worldwide are currently 
experiencing a paradigm shift from a top-down 
approach towards bottom-up, community 
based efforts (Cinner et al., 2012; Gutiérrez, 
Hilborn, & Defeo, 2011), which require changes 
in regulatory frameworks along with the 
underlying social, economic and cultural 
systems (Gelcich et al., 2010). As part of this 
paradigm shift, co-management has been 
proposed as a promising strategy to achieve 
sustainable fisheries since it has the potential 
to strengthen community integration (Jentoft, 
2000), enhance fishing stocks (Defeo & 
Castilla, 2005), empower resource users 
(Jentoft, 2005), adapt to changing conditions 
(Armitage et al., 2009) and incorporate both 
fisher’s knowledge and scientific information in 
management strategies (Castilla & Defeo, 
2001).  

Co-management consists in the 
cooperation of governments and users in the 
exercise of resource management (Pinkerton, 
1989), where both parties share authority and 
responsibility (Pinto da Silva, 2004). Co-
management systems vary according to the 
extent of authority delegated to each party, 
ranging from instructive, where the decision-
making process is centralized and the resource 
users are instructed on the decisions, to 
informative, where decisions are made locally 
and the government agencies are informed 
(Sen & Raakjaer Nielsen, 1996). Cooperative 
systems aim to create a situation in which the 
rewards for cooperation are greater than those 
for competition (Axelrod, 1984), thus avoiding 
the tragedy of the commons (Hardin, 1968). 

Furthermore, a key component in co-
management systems is their inherent adaptive 
capacity. The concept of adaptive 
management was first proposed by Holling 
(1978), it refers to a dynamic management 
process where policies are continuously 
improved according to updated information 
about the state of the system (Walters, 1997). 
Recently, many successful case studies on co-
management implementation have been 
documented (Castilla & Defeo, 2001; Cinner et 
al., 2012; McCay et al., 2014), most of which 
are located in developing nations. 
Paradoxically, research shows that co-
management has higher probability of success 
in areas with a high Human Development 
Index (HDI; Gutiérrez et al., 2011).  

European fisheries have faced 
increasing pressure for over the past 50 years 
causing a depletion of stocks (Hentrich & 
Salomon, 2006; Lassen, Cross, & Christiansen, 
2012). Fisheries management in Europe has 
focused on a top-down approach (Linke & 
Jentoft, 2013), where management strategies 
are a matter of international policy (Symes, 
Steins, & Alegret, 2003). Several strategies 
have been employed to ensure the 
sustainability of fishing stocks in the European 
Union, such as the Common Fishery Policy 
(CFP). The CFP aims to guarantee sustainable 
fish stocks and the economic welfare of fishing 
communities. However, according to the Green 
Paper for the reform of the CFP, as of 2009 
88% of fishing stocks were being overexploited 
and sustainable management had not been 
achieved (Commission of the European 
Communities, 2009). The lack of success of 
the CFP has been attributed to a number of 
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caveats in its framework and implementation. 
Highlighted amongst these caveats are, the 
lack of approval by the public (Khalilian, Froese, 
Proelss, & Requate, 2010), the implementation 
of an open access policy and numerous 
subsidies which promote the race for fish 
(Hentrich & Salomon, 2006) and a framework 
that deters the incorporation of scientific 
knowledge (Daw & Gray, 2005). Furthermore, 
an important criticism to European policy is its 
focus on industrial and large scale fleets which 
leads to the neglect of the small-scale artisanal 
fishery sector ("A Coruña Declaration: Placing 
Sustainable Artisanal Coastal Fisheries at the 
Heart of the CFP Reform.," April 3, 2010), 
these small-scale fisheries comprise an 
important proportion of the European fleet 
(Macfadyen, Salz, & Cappell, 2011) and are 
essential in maintaining coastal communities 
(Ferreira, 2012). Most of these downfalls come 
from the CFPs inherent top-down approach. 
The EU has acknowledged the need for a 
regionalization of the CFP, where a greater 
involvement of stakeholders should be 
encouraged (Commission of the European 
Communities, 2009). The application of 
collaborative policies, such as co-management, 
could potentially improve EU fishery policy. 

The gooseneck barnacle (Pollicipes 
pollicipes) fishery in the Asturian coast is 
currently an important component of the 
artisanal fleet in this area (Gobierno del 
Principado de Asturias: Consejería de Medio 
Rural y Pesca, INDUROT, & Universidad de 
Oviedo, 2010). In 1994, a co-management 
system was implemented in the Asturian 
gooseneck barnacle fishery, which continues to 
date. According to informal observations, co-

management has enabled the sustainability of 
the system. However, an in-depth study of the 
system has not been attempted. Here, the 
implementation and development of this co-
management system are explored. Co-
management has allowed for an adaptive 
learning-based approach and a fine-scale 
management of the fishery (down to 3 m; 
Figure 1.6), thereby endorsing the match of 
social, biological and management scales. 
Thus, the co-management system aids in the 
sustainability of the gooseneck barnacle fishery. 
The illustration of the Asturian gooseneck 
barnacle system provides insights about the 
potential for co-management implementation 
and its prospects as a management approach 
in a broader European context.  

 

3.2 Materials and methods 

Characterization of the system 

The Asturian co-management system 
(AGCS) is currently comprised of 6 seasonal 
plans: Tapia-Figueras, Viavélez, Ortiguera, 
Puerto de Vega, Luarca, Cudillero-Oviñana 
with a harvest season that starts in October 
and ends in April, and a total individual daily 
allowable catch (TAC) that varies between 6 or 
8 kg. However, the Cabo Peñas plan, which 
comprises the Luanco-Bañugues fishers’ 
associations, allows harvesting all year with a 
constant TAC of 8 kg.  

The distribution and dimension of the 
AGCS plans was characterized using the 
Principado de Asturias Coastal and Marine 
Geographic Information System. Each co-
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management plan is subdivided into 
management zones, which can be separate 
rocks, groups of rocks, or small coastal strips. 
Furthermore, information on the commercial 
quality of each zone was gathered from the 
Dirección General de Pesca Marítima del 
Principado de Asturias (DGPM) official records. 
The quality of each zone was determined at 
the inception of the co-management plans by 
incorporating fishers’ knowledge and was 
further corroborated by in situ inspections by 
personnel from the DGPM and SIGMA S.L. in 
2006 and 2008 (García-Florez, Alcázar, 
Sánchez, & Muñoz, 2008).   

To explore the seasonality of the co-
management system daily records for landings 
in 233 fishing zones within 6 plans were 
analyzed for the 1994-1995 to the 2010-2011 
fishing seasons. The Luarca plan was 
excluded due to gaps in the datasets. One-way 
analysis of variance (ANOVA) was performed 
to test for differences in landings among 
months. 

Information on the yearly management 
of the fishing zones was obtained through the 
Boletín Oficial del Principado de Asturias. The 
type of ban applied to each zone for the 2000-
2001 to 2010-2011 fishing campaigns was 
recorded. These were divided in 3 categories: 
total, partial or no ban. Linear regression 
analysis was used to test the effect of bans on 
next year’s landings. Landings were 
standardized (Zuur, Ieno, & Smith, 2007) by 
zone to make comparisons among zones. All 
linear regression assumptions were tested.  

Description of the market 

Gooseneck barnacles sales were 
analyzed to detect a potential effect of the co-
management system. Data on all sales carried 
out in the 17 major fish markets within Asturian 
territory from January 1st 2001 to December 
31st 2011 were examined. The effect of a 
seasonal component or the known market 
cycles (high, mid and low) on the mean daily 
price/kg was determined by one-way ANOVAs. 
The high market period for gooseneck 
barnacles occurs during the month of 
December, mid sales period includes October, 
November and January-April and the low 
season goes from May to September.  

Fishers’ knowledge and perceptions 

Individual semi-structured interviews 
were carried out with gooseneck barnacle 
fishers, government officials and key members 
of the fishers’ associations (n=12) as a way to 
understand the general perception of the co-
management system and its implementation. 
With the information obtained from the 
interviews, focus groups were performed in the 
7 co-management plans from October to 
December 2012. Focus group sizes were 
around 5 persons and aimed to assess fishers’ 
participation in the management system, 
adaptability of the system and the way fishers’ 
knowledge and scientific information are 
incorporated in management guidelines. In 
each focus group there was at least one 
representative of the resource users and one 
of the government officials.  
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3.3 Results 

Description and history of implementation 

Before the early 1990s gooseneck 
barnacles in Asturias were only harvested 
sporadically by a few fishers. In 1994, the 
Asturian government through the Dirección 
General de Pesca Marítima del Principado de 
Asturias (DGPM) saw the opportunity to exploit 
this previously under-marketed resource in the 
area. They approached a number of fishers’ 
associations with a proposal for a pilot 
gooseneck barnacle exploitation program. The 
program consisted in collaborative 
management of the resource between DGPM 
and the fishers’ association. The pilot program 

was carried out in the Ortiguera fishers’ 
association (Fig.1.5). By 1998 seven co-
management plans between DGPM and 10 
fishers’ associations had been established in 
the Asturian coast, making it one of the first 
examples of a fishery managed since its early 
stages and without an important crisis driving 
its reform.  

The system consists of assigning 
exclusive Territorial User Rights for Fishing 
(TURFs) to each management plan. Under the 
TURF arrangement, only licensed members of 
the fishers’ association are allowed to exploit 
their assigned territory, in return for detailed 
data gathering by the fishers’ associations 
(Figure 3.1). The fishers’ associations report 

Figure 3.1 Description of the Asturian gooseneck barnacle co-management system. Image of the 
resource (A), fishers harvesting the resource (B), landings weight-in (C), separation of the 

resource by commercial quality (D) and the Cabo Peñas fishers’ association, where first sale 
auctions take place (E). In D, we see a cooperative management approach where fishers share the 

harvest.  
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daily landings and effort data for each fisher 
and zone in the plan, providing an important 
source of up to date information. At the 
beginnings of the co-management system the 
fishers’ associations were actively involved in 
the distribution, selection and classification of 
extraction zones. Currently, there is a constant 
participation of the fishers’ associations in the 
management, surveillance and 
commercialization of the resource. Once the 
fishers’ associations and DGPM have agreed 
on the guidelines for the fishing season these 
are published in the Boletin Oficial del 
Principado de Asturias, the official newsletter 
responsible for publishing new legislation.  

Resource management  

The co-management system has 
enabled the subdivision of the plans into 
detailed management units, denominated as 

zones, which span from single rocks 30 m long 
up to 3.3 km extents of coastline. The system 
encompasses a total of 256 zones in 
approximately 200 km of the Asturian coastline 
and surrounding islands. Moreover, each zone 
has been classified according to the 
commercial quality of gooseneck barnacles it 
renders (Table 3.1). The spatial detail of 
management exhibited in this fishery can only 
be obtained through a co-management system, 
were all the resources users aid in the 
collection of data. Maintaining such an 
exhaustive database would be impossible in an 
open-access regime, due to the high 
enforcement costs and lack of workforce. 

The management of the fishing zones 
is also handled at a small-scale, by 
establishing bans at the beginning of the 
campaign through legal closures. These can 
either be total bans, closed for the entire 

Table 3.1 Asturian gooseneck barnacle co-management system general information.  

   All plans Tapia-
Figueras Viavélez Ortiguera Puerto 

Vega Luarca Cudillero-
Oviñana 

Cabo 
Peñas 

Extension [km] 
 
 

≈184.4 30.6 16.6 16.6 16.5 36.6 45.5 22 

Total zones 
 
 

267 28 20 28 46 34 70 41 

High quality zones 
[%] 

 
47.6 53.6 40 28.6 26.1 58.8 30 65.9 

Intermediate quality 
zones [%] 

 
36.7 35.7 25 28.6 52.2 35.3 38.6 29.3 

Low quality zones 
[%] 

 
21.7 10.7 35 42.8 21.7 5.9 31.4 4.9 

Mean landings 
[kg/year] 

 
≈50277.7 9415.1 3602.2 5300.5 5580.5 - 14946.7 11432.7 

Fishers in the 2013-
2014 fishing season 189 27 11 13 18 23 55 42 

 



GOOSENECK BARNACLE SUSTAINABILITY  

 22 

fishing season, or partial bans where rocks are 
only opened for a few months, generally during 
the high season. These bans are distributed 
heterogeneously across the co-management 
plan with a large number of partial bans in all 
plans and a few, alternating total bans in 5 

plans (Figure 3.2). Partial bans are set to 
reserve zones for when the market demand is 
at its peak and the greatest profit will be gained. 
Total bans are generally applied to high quality 
zones to maximize profits for the next year and 
prevent overexploitation.  The bans are initially 

Figure 3.2 Map showing standardized yearly landings for the 2008-2009 to 2010-2011 
fishing seasons and bans for the previous year. Black dots represent total bans, gray 

partial bans and white no ban. 
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proposed by the DGPM after a general 
inspection of the zones during the summer. 
However, these are not established until they 
have been approved by the fishers’ 
associations, demonstrating a clear example of 
continuous collaboration between the 
government and the stakeholders, intrinsic to a 
co-management system. According to the 
fishers who participated in focus groups, bans 
are essential in sustaining the resource hence 
their active participation in the selection 
process. Furthermore, the positive effect of the 
bans can be corroborated in the relationship 
between the bans for the previous year and 
standardized landings; fishing zones with a 
total ban will have greater landings than those 
with partial or no ban (Fig. 3.2). An increase of 
0.51 standard deviations over the mean is 
expected in zones a year after a total ban 
(linear regression; p <0.0001). Thus, the 
collaborative and detailed process of 
establishing a particular ban in each zone 
driven by co-management has aided in the 
sustainability of the gooseneck barnacle fishery. 

The market  

The effect of the co-management 
system reaches beyond the harvest of the 
resource and also impacts the market. 
Currently, gooseneck barnacles are viewed as 
a luxury item in Spain and Portugal with first 
sale market values reaching 266 euros/kg in 
Asturian markets. Moreover, the quality of the 
resource, which has been determined for each 
zone, also translates into economic profit. The 
commercial quality of gooseneck barnacles 
average difference on daily price per kilogram 

of 51.95±0.83 (mean ± standard error) euros in 
first sale Asturian markets. 

However, this difference can vary up to 
259 euros depending on the season. We 
identified a strong monthly and seasonal 
component in gooseneck barnacle sales 
(ANOVA; both p <0.0001), which coincides 
with the monthly seasonality present in 
landings (ANOVA; p <0.0001) determined by 
the fishing campaign (Figure 3.3). The 
Christmas holiday period (December) can be 
considered the high season for gooseneck 
barnacle sales, where the mean sales price is 
43±0.19 euro/kg. For the remaining months of 
the seasonal fishing campaign (November and 
January-April) the mean price is 25.97±0.07 
euro/kg and 17.94±0.12 euro/kg from May to 
September (Fig. 3.3). As is expected, the 
greatest mean monthly landings occur during 
the high season (December) (Fig. 3.3), where 
there is greater demand. There is also a peak 
in mean landings at the beginning of the 
campaign (October), which is not observable in 
the mean sale price. The annual exploitation 
cycle and market prices are likely influenced by 
the availability of fishing grounds, determined 
by legal bans and fishing seasons established 
through collaborative management, as well as 
market demand. Thus, the co-management 
system is exerting an effect upon market prices. 
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The resource users 

Considering the fine-scale and 
heterogeneous management of the plan, it is 
important to assess the role of the fishers. 
Fishing licenses are allotted to each co-

management plan proportionally to the 
percentage of exploitable area within the plan 
(Table 3.1). Of these quotas 75% must belong 
to the local fishers’ association and the other 
25% is filled by members of other fishers’ 
associations. By leaving a 25% non-local quota 

Figure 3.3. Monthly trends for mean price (2001-2011) and mean landings (1994-2011) in the seasonal 
plans (Tapia-Figueras, Viavélez, Ortiguera, Puerto Vega, Luarca and Cudillero-Oviñana) and the yearly 

plan (Cabo Peñas).  Bars represent the standard error. 
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the DGPM gives an opportunity to fishers from 
fishers’ associations without co-management 
systems who are eager to join the plans. There 
is high foreign and local demand to join the co-
management plans; all plans have a waiting list 
to issue new licenses. In the interviews 
stakeholders stated global and local measures 
had to be taken to control fishing effort. This 
concurs with the measures adopted by the 
DGPM; fishers must have completed 20 days 
at sea in the previous campaign and be active 
members of an Asturian fishers’ association to 
renew their license. The fishers’ associations 
have also established their own criteria in 
accepting new fishers, the Cabo Peñas plan 
members unanimously decided to only allow 
one new member for every three that leave the 
plan and others set a moratorium on issuing 
new licenses until they reach their target size. 
According to the focus groups the fishers 
perceive their opinion on management 
guidelines is valued and enforced. The joint 
approach to control fishing effort in Asturias 
can only be possible through a co-
management system. Moreover, this approach 
also aids in including the fishers in the 
management process and generates a sense 
of empowerment. 

One of the main concerns expressed by 
fishers during the focus groups was the 
presence of poachers who exploit their TURFs, 
particularly during the closed season or in 
banned areas. The DGPM finances one 
surveillance officer per management plan who 
works a daily shift. Due to the surveillance 
effort several poaching cases have been 
documented and sanctioned by local 
authorities. However, according to the resource 

users many cases go unpunished or receive 
relatively small fines. Fishers expressed a 
sense of entitlement, characteristic to exclusive 
rights systems, and saw an imminent need to 
protect their resource. Thus, in Cudillero-
Oviñana, Luarca and Puerto de Vega all 
members have agreed to personally carry out a 
few days of surveillance in special interest 
areas. Furthermore, the Asturian gooseneck 
barnacle fishers’ appear to be satisfied with the 
system. 73% of those interviewed stated that 
the only way to sustain the fishery is through 
the co-management system.  

In the interviews and focus groups 
multiple resource users expressed concern to 
the constraints in compatibility. The gooseneck 
barnacle fishery is legally compatible with 
shellfish pot, eel fishing sieve and hook and 
line fishing. However, compatible gears can 
vary among plans. Nonetheless, to exploit 
incompatible resources, those that require 
passive-fishing gears such as gillnets and 
trammelnets, the fishers must resign their 
license for the rest of the fishing campaign. 
During the focus groups fishers that belong to 
a professional fishing vessel conveyed the 
most apprehension towards these measures, 
they generally only work for the first half of the 
campaign (October-December) and then 
depart to other fisheries. This generates a 
partition of gooseneck barnacle fishers into two 
groups, professional fishers and autonomous 
fishers who do not belong to a professional 
vessel and only have an individual license, with 
different exploitation seasonality. The 
autonomous group exploits gooseneck 
barnacles exclusively, working throughout the 
entire campaign and in some cases combining 
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it with work on land. They extract fewer 
kilograms per day than those who work on 
boats but work for a longer period. The 
professionals’ strategy is extracting as much as 
possible during the high season to get the most 
benefit. The divergence in gooseneck barnacle 
fishing strategies causes competing interests 
among the groups, which were put forth in the 
focus groups. The professionals seek a shorter 
fishing season, no more than 3 months, which 
adapts to their needs. On the contrary, the 
autonomous group is interested in year-round 
exploitation. In these circumstances it is up the 
government agency to mediate terms that will 
be beneficial for both parties, such as a 7-
month campaign. The co-management system 
is ideal in these situations, since in a 
community management system these 
disagreements would be hard to mediate 

without an objective external agent and in an 
exclusively government managed system the 
implications of the disagreements would not be 
fully understood.  

Adaptive capacity 

Co-management systems allow for the 
incorporation of adaptive management into the 
guidelines. In the gooseneck barnacle fishery, 
which displays a high level of heterogeneity in 
the resource (Table 3.1; Fig. 1.5; Fig. 3.2) and 
in resource users (see preceding section), 
stakeholders agree that the flexibility of the 
system has been key in its performance. 
Constant modifications have been done 
throughout the 20-year history of the plan 
(Table 3.2). One example is the length of the 
fishing season. It is discussed before each 

Characteristic Examples 

Versatile effort management Fishing season length varies among plans. 
  Fishing season length may vary yearly. 
  Daily TAC adjusted between plans. 

  
Daily TAC adjusted in the 2004-2005 fishing season. 
Compatible fisheries vary among plans. 

  
Conditions for license bestowal depend on the fishers’ 
association. 

  Conditions for license renewal. 
Flexible management of bans Yearly determination of bans for each zone.  
  Regular meetings to determine condition of zones. 
  Emergency closures to prevent overexploitation. 

Incorporation of life history traits 
Fishing season adapted to species' reproductive 
cycle. 

  Daily TAC adapted to species' settlement strategy. 

Matching biological, social and management 
scales 

Fine-scale distribution of the resource based on 
fishers' knowledge. 

  
Management scale adapted to resource dispersal 
range. 

  
Management adapted to the social context of each 
plan. 

 

Table 3.2 Adaptive capacity characteristics of the Asturian gooseneck barnacle co-
management system. 
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campaign and will only be modified if there is a 
unanimous consensus in the entire plan and 
the DGPM. For example, during the Prestige oil 
spill the Cudillero-Oviñana and Cabo Peñas 
plans had an early closure of the fishing 
season to avoid any possible contamination in 
the resource. There have also been a couple of 
successful attempts to close the fishing season 
a few months ahead of time in certain fishers’ 
associations (Table 3.2).  

The fine-scale in which the plan is 
organized has been ideal for the 
implementation of its adaptive management 
regime. Fishers’ knowledge has led to a 
detailed fragmentation of the management 
units unique to collaborative systems. Before 
each campaign the fishers’ associations and 
the DPGM determine where a fishing closure 
would be beneficial, with a level of detail down 
to 30 m (Table 3.2). The decision on what ban 
to apply to each zone depends on the status of 
the rock during the past campaign, information 
that relies mainly on fishers’ knowledge. The 
different management strategies for each zone 

require continuous and adaptive management 
as well as detailed up to date information on 
each zone. This can be observed in Figure 3.4 
where the trends for 3 different zones are 
represented, these are Cabo Cebes, Maste 
and Picones. The areas vary in size and 
location; nonetheless, they are all found in the 
Tapia-Figueras plan and are categorized as 
high quality zones. A different management 
strategy has been taken for each rock either 
alternating total bans with no ban (Cabo 
Cebes), partial bans (Maste) or no bans 
(Picones). All three zones exhibit positive 
trends however this is more pronounced in the 
alternating total ban strategy. Still, it is 
important to take into account that due to the 
total bans few data points are available for the 
Cabo Cebes zone. To ensure the flexibility of 
the plan, the fishers hold emergency meetings 
throughout the fishing season to determine the 
status of the plan and the measures necessary 
to sustain the resource (Table 3.2). Thus, the 
incorporation of the community in the 
management process empowered the resource 

Figure 3.4 Yearly landings in 3 high quality zones of the Tapia-Figueras plan. Total, partial 
and no bans are represented by squares, triangles and circles, respectively. Trend lines 

(solid line) and standard errors (dotted line) are shown for each zone. 
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users, by providing them with a key role in the 
decision-making process as was expressed 
during the focus groups, and endorsed the 
integration of fishers’ knowledge in the 
guidelines. 

Furthermore, the adaptability of a co-
management plan permitted the careful 
incorporation of gooseneck barnacle life history 
traits into the guidelines and the development 
of innovations within the plans (Table 3.2). 
Before the establishment of the co-
management system, research on the 
distribution and life history traits of the resource 
was carried out to determine its exploitation 
potential (De la Hoz & Garcıa, 1993). It is 
complemented each year by follow-up 
research performed by the DGPM. Careful 
attention is placed to protect juveniles in the 
co-management system by setting a minimum 
harvest size of 4 cm. Nonetheless, according 
to fishers’ knowledge and scientific information 
P. pollicipes larvae usually settle on the adults 
(Cruz, Castro, & Hawkins, 2010), thus by-catch 
is unavoidable. The system adapted by 
allowing a few individuals below size as long 
as they do not surpass a 10% of the landings.  
Another important trait is P. pollicipes 
reproduction occurring asynchronously during 
the summer, from April to September (Cruz & 
Araújo, 1999; Pavón, 2003). Once the 
government officials obtained this information, 
a fishing season from October to April (both 
inclusive) was proposed to allow juveniles to 
settle during the summer. After negotiation all 
the fishers’ associations agreed to the fishing 
season. However, according to the Cabo 
Peñas stakeholders in the focus group and 
interviews, the seven-month fishing campaign 

was no longer suitable to the needs of the plan. 
Consequently, since the 2004-2005 season 
Cabo Peñas exploits one third of their area 
during the summer.  

Another example of the co-
management system’s capacity to adapt to 
changes is the change TAC implemented in 
the 2004-2005 campaign (Table 3.2). Due to 
decreased landings observed by the DGPM 
and the fishers’ associations, TAC was 
reduced from 8 to 6 kg for most of the 
campaign with the exception of the high 
season (December), where it would remain at 
8 kg. However, the Cabo Peñas fishers’ 
association petitioned to maintain the 8 kg TAC, 
it was agreed that they would harvest 8 kg 
during pre-established dates determined at the 
beginning of the season.  

 

3.4 Discussion 

The AGCS provides an interesting 
example of the establishment of collaborative 
management in small-scale European fisheries. 
The implementation of TURFs in Asturias, 
much like in other areas, brought with it a 
series of positive cascading effects (Defeo & 
Castilla, 2005). Among the most evident effects 
is the incorporation of fishers’ knowledge in 
management guidelines, the empowerment of 
stakeholders by making them active 
participants in the decision making process, a 
matching of scales between resource 
dynamics and management, an effect over 
market forces, improved scientific information 
on the resource and an increase in adaptive 
capacity of the system to heterogeneous 
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stakeholders and markets. These 
characteristics of adaptive co-management 
systems demonstrate its potential to be 
incorporated in the great variety of small-scale 
fisheries encompassed in the wider European 
context.  

Fine-scale management  

The Asturian co-management system is 
unique, in that its clearly defined management 
units reach a highly detailed scale. These 
types of units have been endorsed as a 
determinant factor in the success of co-
management systems (Castilla & Defeo, 2001; 
Gutiérrez et al., 2011). In the Asturian co-
management system the users and the 
resource are well-defined, creating an optimal 
situation for fishers to develop a sense of 
entitlement. Furthermore, the fine-scale 
provides an added bonus to scientific research 
in the area. The effective and continuous 
incorporation of local and scientific knowledge 
in a management system is a key driver for its 
success (Gelcich et al., 2009; McCay et al., 
2014) and the lack thereof an element for its 
failure (Daw & Gray, 2005). The yearly follow-
up research performed by the DGPM acts as a 
reference for the development of management 
guidelines, contributing to the sustainability of 
the system. Additionally, the spatially explicit 
information on fishing stock, quality and 
conservation status gathered by the fishers’ 
associations has vast research potential. 

Fishers’ knowledge and empowerment 

The incorporation of the fine-scale 
management system was a consequence of 
the implementation of fishers’ knowledge. The 

fishers’ associations and its members were 
responsible for subdividing the plans into 
zones, according to the zones historical 
distribution. Furthermore, they characterized 
each zone by the quality of gooseneck 
barnacles it yields. The application of fishers’ 
knowledge in the fishery reinforced the 
generation of new knowledge in the community 
by allowing users to become more acquainted 
with the resource. Currently, fishers recognize 
each zone by name and monitor its status 
along fishing seasons providing them with new 
knowledge. This positive feedback mechanism 
and progressive accumulation of knowledge 
have been identified as key factors to 
successful adaptation in management systems 
(Berkes & Folke, 1998). Moreover, 
acknowledging fishers’ knowledge empowers 
the resource users, producing greater 
involvement and acceptance of the 
management system (Berkes, Colding, & Folke, 
2000; Mellado, Brochier, Timor, & Vitancurt, 
2014). In the gooseneck barnacle co-
management system, fishers’ knowledge has 
been considered since its beginnings and 
currently there is great involvement of the 
fishers’ associations in all management 
aspects. An example of this is the reaction of 
fishers towards poachers. Management and 
protection of the resource are viewed as a 
personal interest by the fishers, thus 
generating a sense of empowerment. Hence, 
the fishers are invested in the resource and do 
not hesitate in implementing their own 
surveillance. The same phenomenon occurred 
in the loco fishery in Chile (Castilla & Defeo, 
2001), where it reduced costs and allowed for 
a more effective control. Fishers’ 
empowerment and participation has likely 
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increased their satisfaction (Webb, Maliao, & 
Siar, 2004) with the co-management system, 
considering that the majority agrees that co-
management is the best management option 
for the fishery. These events demonstrate how 
the implementation of the co-management 
system has aided in creating social capital, 
which is essential to the success of any fishery 
(Jentoft, 2000; Pretty, 2003). 

Co-management as a driver for market 

forces 

The co-management system exerted an 
effect in markets when it first started 
commercializing barnacles and it still continues 
to drive market cycles. Gooseneck barnacles in 
Asturias have evolved since the establishment 
of the system from being an under-
commercialized resource to reaching prices of 
over 200 euros/kg in Asturian markets. 
Through the establishment of a co-
management system with spatial property 
rights the fishery managed to avoid the tragedy 
of the commons (Hardin, 1968) found in open 
access markets by incentivizing the 
exploitation and stewardship of a pristine 
resource.  

The fishing season was established 
based on fishers’ knowledge and scientific 
information available, particularly P. pollicipes 
reproductive cycle. Moreover, the fishing 
season and market cycles have mutually 
affected each other. A relationship between 
supply and demand was observed and has 
been incorporated into the guidelines by 
maintaining fishers’ TAC in 8 kg during the 
peak market season (December). Despite 

these measures there is not enough supply to 
meet the increased demands of the season 
resulting in a pronounced mean price increase. 
For the rest of the campaign, supply and 
demand are balanced and prices stabilize. 
During the summer period, only the Cabo 
Peñas plan remains open, market prices 
decline with regard to those in the high or mid 
seasons.  

Another characteristic of the system 
that drives market forces is the establishment 
of bans. High quality zones with higher 
commercial value are submitted to partial bans 
and are only harvested during the high season. 
This strategy ensures that the best resource 
will be sold at the highest price thus raising 
market prices. An effect of fishers’ short-term 
decisions on market demands has been 
documented in other small-scale fisheries 
(Defeo & Castilla, 2005; Salas, Sumaila, & 
Pitcher, 2004). According to Gutiérrez et al. 
(2011), in the most accomplished co-
management systems the market is influenced 
by the fishers, as is the case in Asturias.  

 Adaptive management 

Adaptive management has been 
broadly accepted as a desirable condition for 
natural resource management systems 
(Berkes et al., 2000), it enhances the resilience 
of managed natural resources by accounting 
for their unpredictability (Berkes et al., 2000). 
The Asturian co-management system is 
continuously renewing its management 
guidelines through careful assessment, 
whether it is through fishers’ knowledge or 
scientific information. Bans are adapted to the 
distribution and the particular spatial dynamics 
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of each zone. The flexible management of 
bans, particularly total bans, has been effective 
controlling landings. Much like in agricultural 
systems were lands are left fallow to improve 
productivity, in the gooseneck barnacle fishery 
high quality areas are left unharvested for a 
year (total ban) to improve next years’ landings. 
Additionally, if reductions in landings are 
perceived immediate measures are taken, the 
affected zones are banned for the rest of the 
season. In the case of the gooseneck barnacle 
fishery, when a continuous reduction in global 
catches was determined by the DGPM and 
perceived by the fishers, a reduction in TAC 
was implemented. According to stakeholders of 
the seasonal management plans, adaptive 
management has enabled the sustainability of 
the plans and produced an increase in yield.  

Within the Asturian co-management 
system important differences among 
management plans exist. Particularly the Cabo 
Peñas plan, which has developed different 
harvesting strategies and guidelines than other 
plans. However, these measures are not 
always beneficial. For example, harvesting 
zones during the reproductive period of a 
species that settles on conspecifics (Cruz et al., 
2010) might be detrimental to the stock. In a 
top-down system it would have been very 
difficult to find a solution however in a flexible 
collaborative system, such as the gooseneck 
barnacle co-management, compromises were 
found. The campaign was adapted for the 
Cabo Peñas plan, its territory was divided into 
three sub-areas; two are exploited during the 
fishing season and one during summer months. 
This way the fishers are still able to harvest all 
year without affecting recruitment for the entire 

plan. Also, excess in effort due to greater TAC 
and a longer campaign in Cabo Peñas could 
lead to reduced prices (Defeo & Castilla, 2005) 
and overexploitation of the population (Worm et 
al., 2009).  However, in the Asturian co-
management system the excess in landings 
was accounted for by reducing Cabo Peñas´ 
effort to specific days. As in other collaborative 
systems, the downfalls in the gooseneck 
barnacle management were mitigated through 
cooperation among stakeholders (McLain & 
Lee, 1996). Interviews and focus groups shed 
light on the different social context and 
perceptions of the fishers’ associations, 
particularly Cabo Peñas. Thus, any fishery 
management strategy that encompasses all 
fishers’ associations must have the adaptive 
capacity present in co-management systems. 

Implantation of co-management 

When the co-management system was 
first proposed there was no particular critical 
juncture motivating the fishers towards a 
change in policy, differing from most cases 
where collaborative management has been 
implemented (Gelcich et al., 2010). On the 
contrary, the emergence of co-management 
was triggered exclusively through the foreseen 
benefits of having exclusive rights to market an 
unexploited resource. The success of the pilot 
program generated a domino effect throughout 
the western Asturias coast, demonstrating the 
influence of spatial dynamics on a social 
system. Such interdependencies in fisheries 
management have been previously 
documented (Jentoft, 2000), although, it is 
usually focused on the downfalls and not the 
advantages this might represent in a social 
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system. The Asturian gooseneck barnacle co-
management case reveals that windows of 
opportunity can be created when the actors 
involved feel invested in the new management 
scheme and both parties work towards a 
common goal, in this case making P. pollicipes 
a marketable and sustainable resource.  

Co-management and Europe 

Three main advantages of co-
management documented in the literature and 
present in the gooseneck barnacle case study 
could be of relevance in European Union 
policies. First, the building of social capital and 

 entitlement of the fishers, which incentivizes 
the preservation of stocks and promotes 
collaboration among stakeholders (Pretty, 
2003). Second, it enables the incorporation 
scientific advice and fishers’ knowledge, 
making management guidelines more robust 
(Castilla & Defeo, 2001; Murray, Neis, & 
Johnsen, 2006). Finally, its decentralized 
management and adaptive capacity makes it 
suitable for complex social-ecological systems 
(Armitage et al., 2009). Co-management could 
be a gateway to sustainable fisheries in Europe, 
thus basic learning platforms should be created 
where some of these processes could be 
tested.  
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“Not all those who wander are lost.” 
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4.1 Introduction 

 Most marine benthic species have a 
pelagic dispersal stage, which is essential for 
their persistence. Dispersal and further 
recruitment to the benthic habitat allows for 
connectivity among disjunct populations, 
leading to metapopulations which are globally 
viable in spite of the possibility of local 
extinctions (Levins, 1969, 1970). Thus, 
connectivity is a key factor for population 
persistence, which explains the rapid 
expansion of research on larval dispersal and 
connectivity in marine populations (Cowen & 
Sponaugle, 2009). Much of this research has 
been focused on large and mesoscale (100s of 
km) connectivity (Roberts, 1997; Sotka & 
Palumbi, 2006), but less on scales of a few 
kilometers (Carlon & Olson, 1993; Costantini, 
Fauvelot, & Abbiati, 2007). Mesoscale 
connectivity is consistent with the typical 
management scale of finfish populations 
(Orensanz, Parma, Turk, & Valero, 2006). 
However, for coastal benthic organisms, the 
concept of connectivity includes post-dispersal 
processes (such as settlement, survival of 
early stages and reproduction) which take 
place at the shore and could be totally 
decoupled from those affecting larvae in the 
pelagic realm. In fact, many benthic 
populations are generally managed at much 
smaller scales and do not adapt well to finfish 
management tools (Orensanz & Jamieson, 
1998). For example, an emerging trend in the 
conservation of benthic resources incorporates 
co-management practices involving exclusive 
Territorial User Rights for Fishing (TURFs) in 
exchange for shared responsibility on resource 
management (Castilla & Fernandez, 1998; 

Molares & Freire, 2003). This kind of 
management practices favor the incorporation 
of local ecological knowledge into the 
regulations, which very often comprises 
aspects of the spatial distribution of the 
resource and of the fishers’ activity spanning a 
fine scale from a few meters to several 
kilometers. But, does the management scale in 
these TURF systems have the potential to 
interact with the connectivity patterns of the 
resource? And, are the dispersal scales of 
benthic resources consistent with the scale of 
co-management practices? 

The gooseneck barnacle (Pollicipes 
pollicipes) fishery in the Cantabrian Sea offers 
a good opportunity to test these ideas. The 
fishery is located at the fringe of the NW 
Spanish Upwelling system, where frequent 
summer northeast winds cause the westward 
movement of surface waters and the vertical 
advection of deep water towards the coast 
(Bode et al., 1996; Botas, Fernández, Bode, & 
Anadón, 1990). This economically important 
fishery is currently being managed across all 
the Atlantic Iberian Coast, including Portugal, 
Galicia (NW coast of Spain) and the Northern 
Spanish Cantabrian Coast, which comprises 
Asturias, Cantabria and the Basque Country 
(Bald, Borja, & Muxika, 2006; Jacinto, Cruz, 
Silva, & Castro, 2010; Molares & Freire, 2003; 
Pavón, 2003). In the Asturian coast 
(Cantabrian Sea), the resource is being co-
managed at a remarkably fine-scale, with 
regulations affecting the status of single rocks 
as small as 30 m (Fig. 4.1). The co-
management regime requires that the fishers 
keep daily records of barnacle landings within 
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each rock, offering an invaluable resource for 
research. 

Apart from direct fishery data, a 
previous analysis of sequences of Cytochrome 
Oxidase subunit I of the mitochondrial DNA 
(COI) suggested that gene flow within 
Cantabrian gooseneck barnacle populations is 
governed by mesoscale hydrographic 
processes (Quinteiro, Rodríguez-Castro, & 
Rey-Méndez, 2007). According to these 
authors, an eastwards net larval flow should be 
associated to the existence of the Iberian 

Poleward Current (IPC), a high salinity filament 
that flows from south to north along the slope 
of the Portuguese, Spanish and French 
shelves. Later work on the genetic structure 
and phylogeography of P. pollicipes, using a 
finer sampling scheme, confirmed that NW 
Atlantic populations are highly connected, 
pointing to local drift events and isolation-by-
distance as the main causes behind the 
population structure (Campo et al., 2010).  

A different approximation to the 
question of population connectivity has also 

 
Figure 4.1 Map of the Asturian gooseneck barnacle management plan. Frames represent the 

seven fishers’ guilds. Grey dots indicate fishing areas with no bans and red dots areas with a total 
ban. The light grey square indicates the meteorological station and the light grey triangle the 

location of the ADCP. Background colors indicate the 2009 (upper map) and 2011 (lower map) Sea 
Surface Temperature (SST) averaged for the period incorporated in our model (see methods). SST 

data were obtained from the Terra MODIS satellite at a 4 km resolution  
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been undertaken by the construction of 
biophysical models, where larval dispersion is 
simulated in a measured or reconstructed 
oceanographic flow field (Siegel, Kinlan, 
Gaylord, & Gaines, 2003; White, Botsford, 
Hastings, & Largier, 2010). With some level of 
simplification, these models have been used to 
extract major patterns of dispersal among 
populations of marine organisms (see Metaxas 
& Saunders, 2009 for a review). However, 
these models have yet to be implemented in 
the Cantabrian Sea. 

Here, we address the potential effects 
of Ekman transport on larval dispersal and 
productivity of gooseneck barnacle populations. 
First, we have used data collected with a 
moored current meter placed at the Central 
Cantabrian Coast to simulate the dispersal of P. 
pollicipes larvae. The simulations have been 
done for one summer of high (2009) and one 
summer of low (2011) upwelling activity, 
assuming the most likely stage-specific vertical 
distribution of the larvae. This procedure 
provided insight into both alongshore and 
cross-shore flow components associated with 
Ekman transport. Additionally, the predicted 
cross-shore component, responsible for larval 
recruitment to the coast, was estimated using 
catch rate records collected by the fishers. 
Finally, the alongshore component, responsible 
for population connectivity along the coast, was 
inferred by estimation of the population 
migration rates according to previously 
published COI sequences. Our results indicate 
a small-scale, asymmetric connectivity in 
gooseneck barnacle populations, which 
matches the current co-management scale in 
the area. 

4.2 Materials and Methods 

Biological background for the larval 

dispersal model 

We have simulated the dispersal of P. 
pollicipes larvae following the advection-
diffusion model by White et al. (2010) and 
Siegel et al. (2003). In essence, they modeled 
the trajectory of the larvae as embedded in a 
2D horizontal flow field. We have modified this 
approach by including a surface and a deep 
layer separated by the thermocline, because 
those layers may experience contrasting water 
circulation associated to coastal upwelling 
(Thompson, 1978) and because there is 
evidence of ontogenetic vertical migration 
behavior in barnacle larvae (Tapia, DiBacco, 
Jarrett, & Pineda, 2010).  

Gooseneck barnacle reproduction is 
asynchronous (Cruz & Araújo, 1999; Pavón, 
2003); each individual may brood up to 4 times 
per spawning season (Cruz & Araújo, 1999). 
For the model, we have assumed a uniform 
release of larvae from the 1st of July to the 2nd 
of October, a period which roughly covers the 
main spawning peak (Macho, 2006). In the 
simulations, a constant number of larvae were 
released every 30 minutes and their movement 
followed during 60 days, which corresponds to 
the pelagic larval duration according to life 
cycle studies (Cruz, Castro, & Hawkins, 2010; 
Pavón, 2003). Thus, a total of 4465 larval 
release events were followed each year and 
their diffusive and advective movements 
averaged to arrive at a global dispersal kernel.  
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P. pollicipes larvae go through six 
naupliar stages which are adapted for dispersal, 
and one cyprid stage which does not feed and 
specializes in settlement (De la Hoz & Garcıa, 
1993). There is evidence of ontogenetic 
vertical migration in some species of decapods 
(Lindley, Williams, & Conway, 1994) and in 
other stalked barnacles, with nauplii and 
cyprids occupying the surface and bottom 
layers, respectively (i.e. Pollicipes polymerus; 
Tapia et al., 2010). Moreover, P. pollicipes 
nauplii exhibit both positive phototaxis and 
negative geotaxis (Gonzalo Macho, personal 
communication). Accordingly, in our 
simulations we have allowed the larvae to 

spend their six naupliar stages (approximately 
30 days) (Molares, Tilves, & Pascual, 1994) at 
the surface layer (0-10m) and to sink and 
remain at the bottom layer (10-20m) until 
completion of the planktonic phase as cyprids 
(Fig. 4.2). 

Physical background for the dispersal 

model 

The larval dispersal process was 
simulated by means of a Gaussian probability 
density function, defined as: 

 

 
Figure 4.2 Schematic representation of gooseneck barnacle larvae transport. Nauplii (days 0 to 30, surface 
layer) and cyprids (days 30 to 60, bottom layer) are transported by the prevailing nearshore currents during 

high (left) and low (right) upwelling periods. Arrow thickness and symbol sizes are proportional to the 
average current velocities obtained from actual measurements (see figure 4.3). During day 0, stage I nauplii 

are released from the adult habitat to the surface layer. At day 30, stage VI nauplii turn into cyprids and 
experience an ontogenic vertical migration to the bottom water layer. At the end of their pelagic life at day 60, 

competent cyprids are transported to the adult habitat by southbound currents. 
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where Dij is the probability density that 
a larvae released at point i reaches point j, dij is 
the distance between points i and j, LS is the 
stochastic length scale and LA is the advective 
length scale (White et al., 2010). The advective 
length scale refers to the net displacement of 
the larval population along the coast and 
across the shelf due to the directional 
(advective) component of the flow. The 
diffusive or stochastic distance indicates the 
extent to which the bulk of larvae have been 
spread around their average position by the 
turbulent component of the flow, given a certain 
decorrelation time scale (12 h at the coast; 
Siegel et al., 2003). Separate simulations were 
run for the alongshore (X) and the cross-shore 
(Y) components of the flow, and the resulting 
probability fields were then combined to 
generate a 2D dispersal kernel. The probability 
function on the X-Y plane was calculated as 
the product of the proportion density functions 
on X and Y assuming they were uncorrelated 
(Bertsekas & Tsitsiklis, 2002). This assumption 
was checked by means of linear regression 
analyses between currents on both axes for all 
depths during the 2009 and 2011 larval 
seasons (R2≈0 in all the cases). The total area 
under the normal curve must equal 1, i.e.  

(Dijdx) =1∑  or (Dijdy) =1∑  

being dx and dy distances on X and Y, 
respectively.  

In the across shelf direction, the coast 
is considered a “sticky boundary”, that is, a 

domain where larvae are retained by means of 
active settlement behavior and/or reduced 
water motion (Wolanski, 1994). Thus, inland 
(south of the shoreline) probability densities Dij 
(i.e., Y<0) were removed and added to those at 
the coast to preserve the ( ) 1ijD dy =∑  

condition.  

In situ current measurements can be 
used to estimate the advective and diffusive 
length scales of the dispersal process. Our 
larval dispersal models were fed with in situ 
current velocities measured every 30 minutes 
in 10 two-meter depth cells using a Nortek 
Aquadopp Acoustic Doppler Current Profiler 
(ADCP) moored at 400 m off the Cudillero 
coast, N. Spain (43º 34.18´N 6º8.43´W; Fig. 
4.1) at a 20 m depth. ADCPs do not capture 
the entire water column; therefore, we 
extrapolated the nearest measurements (2-4 m 
depth cell) to the surface cell (0-2 m; Kirincich, 
Barth, Grantham, Menge, & Lubchenco, 2005). 
We then calculated the mean alongshore and 
cross-shore currents experienced by P. 
pollicipes larvae and their standard deviations 
for every possible spawning event during the 
2009 and 2011 spawning seasons, that is, one 
event every 30 minutes taking into account 
their position in the water column (see 
preceding section). The currents experienced 
by each group of larvae during their pelagic 
larval duration (30 days in the surface layer 
followed by 30 days in the bottom layer) were 
averaged to obtain a mean advective length 
scale (LA), and its standard deviation was used 
to calculate the stochastic (LS) length scale 
(White et al., 2010).  

Dij = (1/ (LS 2π ))exp((dij − LA)2 / (2LS 2 ))
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Dispersal kernels for 2009 and 2011 
were determined by ensemble averaging for all 
events in search of interannual differences in 
spatial dispersal patterns. In addition, to 
observe the general flow structure, alongshore 
and cross-shore velocity profiles were 
generated for both years using currents 
averaged over the entire larval season (1 July-
31 November) for every 2 m depth cell (Fig. 
4.3). Calculations and data processing were 
done with R 2.15.3 (R Development Core 
Team 2012), using the package ggplot2 

(Wickham 2009) for plotting. 

Characterization of the upwelling activity 

Ekman transport in this region was 
characterized using two indexes: a daily 
upwelling index (DUI) and an integrated 
upwelling index (IUI). DUI is the average 
volume of water displaced per second and 
kilometer of coastline (m3 s-1 km-1). To calculate 
the DUI we have followed Bakun (1973) as in 
Llope et al. (2006) for the Cantabrian Coast, by 
using wind data collected at the Asturias airport 

 
Figure 4.3 Mean alongshore and cross-shore in situ current velocities. Current velocity measurements for the 

gooseneck barnacle main spawning season (July-November) during a year of high (2009) and low (2011) 
upwelling. Vertical dashed lines separate westward (negative) from eastward (positive) alongshore currents 
and southward (negative) from northward (positive) cross-shore currents. The horizontal line separates the 

two water layers considered in the models. 
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meteorological station (43º33’N, 06º01’W, 127 
m above sea level; Fig. 4.1) between 1969 and 
2011. Wind intensities below 7 km h-1 were set 
to 0, since these velocities were below the 
detection of early sensors. Positive upwelling 
index indicates that the surface layer is 
displaced off the coast and replaced by deeper 
water (i.e. upwelling process) while negative 
values indicate the reverse (i.e. downwelling). 
To summarize seasonal oscillations in the 
upwelling activity DUI data were fitted to a 
Generalized Additive Model (GAM) 

( )     t tDUI f t ε= +   

where t is the day of year, f represents 
the smooth term (a thin plate regression spline), 
and εt is the noise term (Wood, 2003). To 
make the annual cycles comparable, we fixed 
the effective degrees of freedom of the model 
at 4, resulting in relatively smooth curves that 
give the general seasonal pattern. Model fitting 
was done using the mgcv package for R 
(Wood, 2006; Wood, 2011). The IUI (total net 
volume of water displaced per kilometer of 
coastline per gooseneck barnacle recruitment 
season) was obtained by adding all daily cross-
shelf Ekman transport measurements from 
June to November. 

Gooseneck barnacle catch rates 

Monthly gooseneck barnacle landings 
and effort (days per fisher) data collected 
during the fishing season (October-April) by the 
fishers within each of 6 Asturian co-
management plans were obtained from 1998 to 
2011 (Fig. 4.1). The Luarca co-management 
plan dataset was incomplete and therefore had 
to be excluded from the analysis. Total catch 

rates for all 6 plans were determined as the 
sum of the landings divided by the sum of the 
effort in each fishing season. In the 2004-2005 
fishing season a 2 kg reduction in the Total 
Allowable Catch (TAC) per fisher was decreed. 
Thus, we modeled the effect of TAC change 
and IUI on catch rates using multiple linear 
regression models where data pre and post 
TAC change were identified with a dummy 
variable.  

The estimated time between settlement 
and commercial size in gooseneck barnacles 
(21.50 mm rostro-carinal length) (Sestelo & 
Roca-Pardiñas, 2011) ranges between 1 (Cruz 
et al., 2010) and 5 years (Cruz, 2000a). Thus, 
models were generated with lags between 1-5 
years. A Bonferroni correction was applied to 
avoid excessive Type I error (Zuur, Ieno, & 
Smith, 2007). To ensure the accuracy of the 
coefficients, we tested that all the assumptions 
of a linear regression were met. Additionally, 
model selection was performed using the 
adjusted R2, Akaike Information Criterion (AIC) 
and Akaike weights. The variance explained 
purely by the IUI was determined by variance 
partitioning analysis following the approach by 
Legendre and Legendre (1998). Analyses were 
done using the stats package in R. 

Gene flow estimation and model 

comparison 

P. pollicipes mitochondrial cytochrome 
c oxidase subunit I (COI) sequences from 5 
locations of the Cantabrian coast were 
obtained from a previous study of Campo et al. 
(2010). Overall, we used 243 sequences 
coming from 2 populations of the Basque 
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Country (Jaizkibel and Monpas); 2 populations 
of Asturias (Ribadesella and Punta de la Cruz) 
and 1 population from Galicia (Corme) (Fig. 
4.4). To estimate migration between 
populations we applied a Bayesian approach to 
the COI sequences using software MIGRATE-
N v3.216 (Beerli, 2009; Beerli & Felsenstein, 
1999). Migration rates were estimated as the 
effective female population size in each 
sampling site (Nef) multiplied by the migration 
rate (m) from and towards each site. Effective 
number of females in each population was 
estimated by the software, computing the 
Watterson estimator ( ·efNθ µ= ) using 

coalescent equations (Nath & Griffiths, 1993), 

which does not need a priori knowledge of the 
mutation rate of the locus (μ). Migration rate 
from and towards each site was derived from 
its mutation-scaled migration rate value 
( ·M m µ= ).  

Analyses were first run with a full 
migration matrix in which gene flow was 
unrestricted between neighboring populations. 
To explicitly test for eastward or westward 
larval dispersion, we also tested two custom 
unidirectional matrices in which gene flow was 
only allowed in one direction in every 
population. All computations on these matrices 
were performed with two long Markov chains of 

 

Figure 4.4 Schematic diagram of the MIGRATE model results superimposed on a map of the Cantabrian 
Coast. The map shows the effective number of migrants per generation (Nef·m, numbers within squares) 

and the direction of migration (arrows). A: Full model; B: Eastward model, westward dispersal set to zero; 
C: Westward model, eastward dispersal set to zero. 
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10 million generations and a static four-chain 
scheme with default heating values. Default 
uniform priors and slice samplers were used 
for the M and θ parameters, and starting run 
values were estimated from the FST measure 
as computed by the software. 

Finally, likelihood scores for all 
migration models were obtained by a 
thermodynamic integration with Bezier 
approximation (Gelman & Meng, 1998), as 
implemented in the software. Direct 
comparison of models was then assessed by 
manually transforming these likelihood scores 
into Bayes Factors (Kass & Raftery, 1995), 
which was performed using the method 
described in Beerli and Palczewski (2010). 

4.3 Results 

Upwelling regime in the Central 

Cantabrian Coast 

The fitted DUI general cycle in the 
Cantabrian coast for the last 40 years is a 
unimodal curve with positive values during 
the gooseneck barnacle recruitment season 
(p-value < 0.0001; Fig. 4.5). This process 
has been observed by other authors who 
have stated the appearance of upwelling 
processes throughout the summer period in 
the Cantabrian Sea (Bode et al., 1996; Borja, 
Liria, Muxika, & Bald, 2006). The values for 
2009 follow the general pattern (p-value < 
0.0001); in contrast, 2011 presents a bimodal 
shape with positive values both at the 
beginning and the end of the recruitment 
season, but negative in the middle (p-value < 
0.0001) (Fig. 4.5). This difference is also 

apparent in the sea surface temperature, which 
was approximately 3ºC higher in 2011 than in 
2009 (Fig. 4.1). In 2011, upwelled water 
masses and their characteristic onshore flow 
were restricted to the bottom water layer (Fig. 
4.2, Fig. 4.3) and offshore exportation at the 
upper layer of the naupliar stages may occur. 
In contrast, upwelled waters moving westwards 
and shorewards spanned almost the entire 
water column in 2009 (Fig. 4.2, Fig. 4.3) due to 
the intense upwelling activity registered (Fig. 
4.1, Fig. 4.3). 

 Simulations of larval dispersal 

Simulated net mean displacement of 
the larval population for 2009 was westwards 

 
Figure 4.5 Fitted, Daily Upwelling Index vs. 

Julian Day GAM regression lines. Regression 
lines represent the whole wind data series 

(1969 to 2011, black) and years of high (2009, 
blue) and low upwelling activity (2011, red). 
Dotted lines depict the associated standard 

error. The grey horizontal line covers the 
gooseneck barnacle recruitment season. 
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(alongshore LA= -56.12±21.8 km, mean±SD) 
and landwards (cross-shore LA= -67.79±47.3 
km), while in 2011 it was slightly eastwards 
(alongshore LA= 12.95±9.8 km) and seawards 
(cross-shore LA= 31.61±8.4 km). 2011 
experienced lower flow variability than 2009, 
with alongshore LS (24.294±2.15, 42.790±7.77, 
respectively) and cross-shore LS (28.478±3.57, 
46.645±9.17), leading to less dispersed larval 
distributions (Fig. 4.6).  

High probability densities (Dij) were 
obtained far from the coast in 2011 (22.88 x 10-

5 km -2), which entails potential larval losses to 
the adult population (Fig. 4.6). However, due to 
the “sticky boundary” condition imposed to the 
shoreline in our models (see methods) Dij 
maximum values (49.9 x 10-5 km -2) were 

reached at the coast (Fig. 4.6). In 2009 the 
probability density function was constrained to 
the coast and displaced 56 km westwards of 
the release point. Maximum Dij values for both 
breeding seasons were reached at the shore 
indicating potential recruitment to the adult 
populations. However, Dij values at the coast in 
2009 were 3 times higher than in 2011 (173.8 x 
10-5 km -2 compared with 49.9 x 10-5 km -2, Fig. 
4.6), entailing a greater theoretical recruitment 
success in 2009 (94%) than 2011 (15.4%). We 
tested the hypotheses of our models, westward 
bias and increased recruitment during 
upwelling years, through gene flow patterns 
and catch rate data. 

Migration rates for Cantabrian 
gooseneck barnacle populations were 

 
Figure 4.6 Distribution kernels for P. pollicipes larvae. Distribution of the proportion of gooseneck 

barnacle larvae (km-2) released at the origin of coordinates which are competent to settle after completing 
their pelagic larval duration (60 days, see methods). Larvae not located at the coast are considered lost to 

the population. Each pixel corresponds to 5 km2. 
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estimated to test the alongshore component 
obtained from our simulations. Gene flow 
patterns inferred by MIGRATE are shown in 
Figure 4.4 for the three computed models. 
Migration rates, being far higher than one 
individual per generation, are indicative of a 
high historical connectivity between all 
populations (Mills & Allendorf, 1996), but 
values estimated in the full model (A) suggest 
a dispersal pattern biased towards the west. 
Comparison of all models indicate that the full 
model is the most appropriate for our dataset 
followed by the westward and eastward models 
according to their likelihood                              
(-1945.63, -1984.14, -2009.86, respectively), 
the natural logarithm of their Bayes factors                       
(0, -77.02, -128.47) and their resultant Bezier 
probability (≈1, 3.54 x 10-34, 1.612 x 10-54). 

The effect of upwelling intensity on 
population recruitment (i.e. cross-shore 
component in our simulation) was inferred 
through catch rate data. Using Akaike 
Information Criteria (AIC) and adjusted R2 for 
model selection, we determined that the 4 year 
lag model best describes the relationship 
between IUI and catch rates using TAC as a 
dummy variable (Table 3.3). The model 
explains 94% of the variability in catch rates. 
After applying a Bonferroni correction both 
explanatory variables TAC (p-value= 
<0.00001) and IUI (p-value= 0.005), remained 
significant. IUI displayed a significant positive 
correlation with catch rates (Fig. 4.7). The 
results from our model were  

 

 
Figure 4.7 Relationship between catch rates per fishing season and the Integrated 

Upwelling Index 4 years before. Dots represent years before the change in TAC (hollow) 
and after (shaded). Dashed lines indicate the standard error.  
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This corresponds with an increase in 
catch rates of 0.24 kg day-1 for every km3 
displaced per km of coastline during the 
recruitment season 4 years before. According 
to the variance partitioning analysis, TAC 
explains 90% and IUI 12% of the variance in 
catch rates. 

4.4 Discussion 

Asymmetric connectivity patterns within 

gooseneck barnacle populations 

Our genetically inferred migration rates 
(Fig. 4.4) indicate a high level of gene flow 
among Cantabrian Sea P. pollicipes 
populations; a conclusion consistent with those 
of Campo et al. (2010), using phylogenetic 
methods on the same dataset, and Quinteiro et 
al. (2007), based on samples collected along 
the full geographical range of the species. 

Although any inferences of gene flow based on 
a single locus should be taken with caution 
(Hey & Machado, 2003), the absence of 
recombination and high mutability of 
mitochondrial loci, such as COI, makes them 
useful for inferring patterns at local scales 
(Nielsen & Wakeley, 2001), especially when 
testing the fit of particular models (Balloux, 
2010), as is our case. 

According to Quinteiro et al. (2007), 
genetic patterning of P. pollicipes is a 
consequence of long range larval dispersal 
driven by the IPC, a slope current which 
circulates in an eastwards direction in the 
Cantabrian coast. However, this hypothesis is 
at odds with the result of our migration rate 
analysis, which points to the prevalence of a 
westward flow. Certainly, the IPC is a major 
structuring agent of planktonic populations in 
the Central Cantabrian Sea (Fernández et al., 
1993; Isla & Anadón, 2004; Llope et al., 2006). 
It is a seasonal structure characteristic of late 
autumn and winter that reaches its maximum 
extension by the end of the year (Haynes & 
Barton, 1990; Pingree & Le Cann, 1992). 

Model p-value Adj. R2 AIC AIC weight 

     1 year lag 0.0002 0.7891 -0.7664 0.0007 

     2 year lag 0.0001 0.8058 -1.8366 0.0012 

     3 year lag 0.0001 0.7964 -1.2270 0.0009 

     4 year lag <0.0001 0.9308 -15.2442 0.9961 

     5 year lag 0.0001 0.8011 -1.5263 0.0010 

 

Table 4.1 Comparisons for the model (catch ratesi= α+ βIUIi +TACi+Ɛ i) using 1-5 year lags in IUI. 

Catch rates =
0.24 × IUI  + 6.918 if TAC  = 8 kg

0.24 × IUI  + 6.125 if TAC  = 6 kg

{
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However, gooseneck barnacles reproduce and 
release their larvae mainly between April and 
September (Cruz & Araújo, 1999; Pavón, 2003), 
a period when the IPC is at its lowest and 
coastal upwelling at its highest (Botas et al., 
1990; Valdés et al., 2007). Furthermore, the 
IPC is usually far from the thin strip of 
nearshore water where the larvae are released 
and recruited. Thus, it is unlikely that the IPC 
plays a major role in larval dispersal of this 
species, which rather depends on summer 
hydrography, and more specifically on the 
activity of the NW Spanish Upwelling system, 
which in this area is highly variable both within 
and between years (Valdés et al., 2007).  

The westward-biased connectivity 
pattern, which is even seen in the unrestricted 
migration rate model, suggests that the 
structure observed in the larval dispersal kernel 
persists in the adult population. Thus, the 
recurrence of upwelling may not only define the 
spatial scale and direction of the dispersal 
process but also the genetic structure of the 
barnacle metapopulation. Such an effect of 
environmental oceanic conditions on genetic 
patterning has been observed in other species 
with a pelagic dispersal stage (Alberto et al., 
2011; Banks et al., 2007; Watson et al., 2011), 
and while its influence does not seem 
remarkable in mesoscale or large-scale space 
(Selkoe, Henzler, & Gaines, 2008), it might 
have also been underestimated in local 
processes of population differentiation and 
patterning for several species (Selkoe et al., 
2010).  

The asymmetrical connectivity pattern 
observed in our results is consistent with 
recent findings by Nolasco et al. (2013) and 

Domingues et al. (2012) in the western Iberian 
Peninsula. These authors employed a 
biophysical simulation to analyze connectivity 
among populations of Carcinus maenas. Their 
results indicate a southward bias of 
approximately 61 km in a 9-year average 
dispersal kernel. Larval dispersal patterns are 
attributed to the effect of summer upwelling 
events in the area. Our results for a year of 
high upwelling activity (2009) match both the 
magnitude (56 km) and asymmetry in larval 
dispersal (Fig. 4.6) determined by these 
authors; providing further evidence against 
IPC-mediated connectivity patterns for 
gooseneck barnacle populations in the Iberian 
Peninsula.  

Upwelling and recruitment  

Active coastal upwelling during the 
gooseneck barnacle recruitment season has 
been the most frequent situation during the last 
40 years in the Cantabrian Sea (Fig. 4.5). 
Other authors have stated the appearance of 
upwelling processes throughout the summer 
period in the Cantabrian Sea (Bode et al., 
1996; Borja et al., 2006). Typical summer 
upwelling circulation in the region is 
characterized by a westward flow driven by 
northeasterly winds (Varela, Rosón, Herrera, 
Torres-López, & Fernández-Romero, 2005). 
This is consistent with the direction of 
alongshore dispersal calculated with the ADCP 
data for both years (Fig. 4.6). However, 
although they agree with the expected 
oceanographic patterns, it must be taken into 
account that the dispersal kernels are based 
on current measurements for only 2 years, 
2009 and 2011, at a single location. Coastal 
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dynamics are highly variable in our system 
(Llope et al., 2006); hence, a single mooring 
400 m away from the coast might not be able 
to accurately represent the nearshore 
dynamics for the entire coast. 

According to the classical paradigm of 
upwelling circulation, strong advective surface 
flow off the coast associated with upwelling 
activity leads to larval export towards the open 
ocean. In this scheme, it is only through 
relaxation of the upwelling that the exported 
larvae have any chances of recruiting to the 
coastline by reversion of the surface water flow 
(Farrell, Bracher, & Roughgarden, 1991; 
Roughgarden, Gaines, & Possingham, 1988). 
In contrast, our biophysical simulation predicts 
increased recruitment during strong upwelling 
years (Fig. 4.6). In situ current measurements 
for 2009 (intense upwelling year) reveal an 
onshore return flow across the water column 
(Fig. 4.3), which should promote a nearshore 
retention of larvae. This type of flow during 
intense upwelling events has been previously 
documented in the area (Weidberg, Acuña, & 
Lobón, 2013). In fact, this onshore return flow 
is common in some upwelling systems at 
narrow shelves and sloping bottom profiles 
(Lentz & Chapman, 2004), such as the 
Cantabrian Sea. Our results agree with recent 
findings in the western Iberian Peninsula 
(Nolasco et al., 2013) and northern California 
(Morgan, Fisher, Miller, McAfee, & Largier, 
2009), where the interaction between upwelling 
activity and active vertical swimming behavior 
favors recruitment by retaining larvae close to 
the coast. 

Furthermore, Pavón (2003) observed a 
strong correlation between northeasterly winds, 

responsible for summer upwelling episodes in 
the Cantabrian Sea, and recruitment of P. 
pollicipes in 2 locations at the western Asturian 
coast. Likewise, a correlation between 
recruitment and upwelling has been observed 
for P. pollicipes in Cabo Sines, Portugal (Cruz, 
2000a) and for P. polymerus in the Southern 
California Bight (Pineda & López, 2002). Thus, 
our results point to the importance of the 
vertical distribution of barnacle larvae and of its 
interactions with the nearshore hydrography as 
a determinant of their recruitment. 

Our results also indicate that the effect 
of upwelling on gooseneck barnacle 
recruitment will have consequences on the 
productivity of this species in the area. Most of 
the variability found in Asturian gooseneck 
barnacle catch rates is explained by changes 
in the total allowable daily catch, which 
changed in 2004 from 8 to 6 kg per day per 
fisher (Fig. 4.7). However, all the remaining 
variability (12%) is explained by the IUI, which 
suggests that fluctuations in recruitment rates 
predicted by our biophysical model and those 
observed by Pavón (2003) in the Asturian 
Coast translate to variations in the adult 
population. In our optimal model, a time lag of 
4 years was allowed between the IUI (i.e. 
recruitment of the larvae) and the catch rate 
series (Table 3.3). Unlike P. polymerus, whose 
age at sexual maturity and commercial size are 
known (1 and 5 years, respectively) (Bernard, 
1988), estimates of age at commercial size in 
P. pollicipes are highly variable (Cruz et al., 
2010; Cruz, 2000c; Pavón, 2003; Sestelo & 
Roca-Pardiñas, 2011), with an average of 3.4 
years, when considering their different growth 
rates estimates. This is fairly consistent with 
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the time lag of the best scored of our 
alternative models (Table 3.3). Therefore, a 
year of active upwelling should enhance the 
production of catchable P. pollicipes 4 years 
afterwards.  

Management implications 

Sustainable management of gooseneck 
barnacle fisheries in the western Cantabrian 
coast is carried out through individual daily 
quotas and partial closures of groups of rocks 
(Molares & Freire, 2003; Pavón, 2003). The 
timing and exact location of each closure is 
decided each year through consensus among 
the administration and the fishers belonging to 
each of the 7 co-management plans, 
demonstrating a model example of adaptive 
management. Total bans are spaced 
heterogeneously from 0.2-20 km with a length 
between 0.1 and 3 km for each area. These 
bans are implemented exclusively in 
overharvested or economically important areas 
to prevent over exploitation (Fig. 4.1). This 
strategy avoids a decrease in the exploitable 
stock and protects from population washout 
(Largier, 2003) in the target area, thanks to the 
effect of the diffusive component of the flow 
which allows a small proportion of larvae to 
settle at the emission point (Fig. 4.6). 

Despite the continuous efforts to 
prevent the overexploitation of gooseneck 
barnacle fisheries, aspects such as larval 
dispersal scale and direction have not been 
taken into account in the co-management 
system. Our results suggest that when 
developing management guidelines concerning 
the location and distribution of bans, a 
geographically biased dispersal pattern should 

be acknowledged. Protection of specific target 
areas by means of closures should be 
complemented with bans in rocks located to 
the east of those areas. Likewise, to determine 
areas with a high yield, catch rates for the 
fishing season can be estimated using the TAC 
for the year and the IUI in the recruitment 
season 4 years before.  

Furthermore, in our biophysical 
simulations typical P. pollicipes dispersal 
distances ranged between 10 and 60 km (Fig. 
4.6), thus local conservation strategies have 
the potential to interact with population 
persistence. The Asturian gooseneck barnacle 
management plan is an ideal place to develop 
these strategies considering the active co-
management system in the area and their 
rotating rock closure strategy (Fig. 4.1). A 
network of total bans can be established in the 
co-management system by retaining their 
current size but redistributing the bans from 
clusters to evenly spaced rock closures at the 
gooseneck barnacle dispersal scales. These 
areas can act as temporal small-scale Marine 
Protected Areas (MPAs) where larvae can 
disperse among reserves, ensuring the 
persistence of the population. A similar reserve 
distribution has been suggested by Hastings 
and Botsford (2003), for species with a pelagic 
larval stage and sessile adults, as the optimal 
reserve arrangement to achieve an increased 
fisheries yield and at the same time ensuring 
the sustainability of populations. This is also 
consistent with findings in Gaines et al. (2003), 
which indicate that multiple reserves are more 
effective than single reserves of the same total 
size in areas strongly affected by currents, 
such as the Cantabrian Sea.  
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Our results reveal a clear role of 
upwelling on P. pollicipes larval dispersal and 
population connectivity in the Cantabrian Sea. 
However, considering the inherent variability in 
the NW Spanish Upwelling system, 
continuously changing management guidelines 
need to be employed to incorporate such effect. 
In this regard, the current adaptative character 
of the Asturian co-management system favors 
the incorporation of these measures.   

Conclusions 

Our results reveal a clear imprint of 
upwelling on the genetic structure and 

productivity patterns of gooseneck barnacle 
metapopulations. In spite of being produced by 
a hydrographic structure on a scale of a few 
hundred kilometers, the scale of these effects 
(10-60 km) is perfectly consistent with the 
management units. Such effects should 
therefore be incorporated in a sound 
management strategy. In this paper we have 
suggested possible management measures, 
according to the dispersal scales and 
connectivity patterns obtained through our 
biophysical simulations, which could be 
advisable to incorporate in the local gooseneck 
barnacle co-management system. 

 

 



5. Landscape measures and gooseneck 
barnacle quality. 
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“Distress not yourself if you cannot at first understand the deeper mysteries of Spaceland. By 
degrees they will dawn upon you.” 

- Edwin A. Abbott, 

Flatland: A Romance of Many Dimensions 
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5.1 Introduction 

Landscape Ecology has developed 
rapidly in the past decades and continues to 
date (Wu, 2013). Although landscape ecology 
has remained mainly terrestrial, perceptions 
are slowly shifting (Hinchey, Nicholson, Zajac, 
& Irlandi, 2008). The importance of 
incorporating landscape ecology in the aquatic 
realm is beginning to be acknowledged (Zajac, 
2008). This is not surprising since the spatial 
heterogeneity of aquatic systems can impact 
their ecological dynamics at different scales 
(Schlosser, 1995). Furthermore, landscape 
ecology is an interdisciplinary science that can 
provide a holistic approach to resource 
management (Naveh & Lieberman, 1990), and 
may represent  a welcome addition to coastal 
and marine ecosystems, which are in dire 
necessity of comprehensive management 
(Kappel, Halpern, Selkoe, & Cooke, 2012). 

Marine and coastal systems are being 
impacted by anthropogenic activities (Halpern 
et al., 2008), particularly those from overfishing 
(Jackson et al., 2001). This overexploitation is 
reducing large long-lived fishes while 
simultaneously increasing invertebrate 
populations (Pauly et al., 2002). This trend has 
also been accompanied by increased captures 
of invertebrates (FAO, 2012) and the 
development of new marine invertebrate 
fisheries (Perry, Walters, & Boutillier, 1999). 
The increased demand and high value of 
invertebrates prompts their overexploitation 
(Castilla & Defeo, 2001), value which is mostly 
dependent on their quality (e.g. mussels 
(Dolmer & Frandsen, 2002; Kunz, 1893), sea 
urchins (McBride, Price, Tom, Lawrence, & 

Lawrence, 2004) and sea cucumbers (Conand 
& Byrne, 1993)). 

Fisheries managers have recognized 
the importance of habitat on fish production 
and quality (Taylor et al., 2002). This is 
imperative for invertebrate sedentary species 
where all the important processes of the 
fisheries tend to have a spatial component 
(Caddy, 1989), influencing the distribution, 
abundance (Underwood & Chapman, 1996) 
and quality (Caddy & Defeo, 2003). Processes 
of larval supply and population connectivity are 
dependent on dispersal distances, which will 
vary according to the species and the currents 
(Cowen & Sponaugle, 2009).  Despite 
successful larval dispersal, if habitat quality is 
not adequate recruitment will not be successful 
(Lipcius, Stockhausen, Eggleston, Marshall Jr, 
& Hickey, 1997). Additionally, processes such 
as growth and mortality could vary according to 
habitat quality (Perry et al., 1999). Other 
landscape metrics, such as wave exposure, 
may affect species morphology (Stewart & 
Carpenter, 2003) and thus their quality. 
Furthermore, fishing strategy will also have a 
landscape component, since areas with higher 
densities (Caddy, 1989) or larger size classes 
(Caddy, 1972) will receive more fishing 
pressure. Therefore, to manage invertebrate 
fisheries attention should be paid to the 
landscape properties affecting the resource.  

The gooseneck barnacle (Pollicipes 
pollicipes) fishery in Asturias provides an ideal 
case study to examine landscape effects on 
resource quality and its influence on the fishery. 
The gooseneck barnacle is an intertidal 
cirripede that inhabits highly exposed cliffs 
prone to wave action (Barnes, 1996). The 
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fishery has been successfully co-managed for 
the past 20 years. Economic returns of the 
species in the area have reached values of 
over 250 euros/kg, due to management as well 
as differences in resource quality (see Chapter 
3). High market values have been known to 
drive luxury species to extinction risk (Purcell, 
Polidoro, Hamel, Gamboa, & Mercier, 2014). 
Furthermore, overexploitation and selective 
fishing of specific populations could affect the 
associated community (Bascompte, Melián, & 
Sala, 2005; Utne-Palm et al., 2010). Therefore, 
it is important to assess the effects of quality 
on gooseneck barnacle exploitation and the 
drivers for these differences. Population 
analyses have found no significant genetic 
differences among low and high quality 
phenotypes (Campo, 2006; Quinteiro, 

Rodriguez-Castro, Fernández-Barreiro, & Rey-
Méndez, 2006).  Thus, the source of this 
variability continues to puzzle scientist. 
Previous studies in the area have found that 
wave exposure can affect gooseneck barnacle 
biomass (Borja, Liria, Muxika, & Bald, 2006). 
We hypothesize that landscape scale metrics 
can also be useful in pinpointing the causes of 
the variability in gooseneck barnacle 
phenotypes.  

Our present research aims to analyze 
the utility of landscape metrics in predicting 
gooseneck barnacle quality and considers its 
management implications. We examined a 10-
year time series of gooseneck barnacle 
landings and sales in Asturias, to appraise the 
socioeconomic value of quality differences on 
the fishery. We then measured 5 landscape 
properties (coastal orientation, convexity, 
complexity, distance and exposure) at 23 

different spatial scales and assessed their 
relationship with the quality of gooseneck 
barnacles. This data was used to formulate 
and validate a predictive model of gooseneck 
barnacle quality. 

 

5.2 Material and methods 

Study area  

Fishing zones in AGCS are categorized 
according to the quality of barnacles they 
render (Fig. 5.1). The categorization integrated 
both fishers’ knowledge and scientific 
information. The 12-year effort was finally 
concluded in 2006 where 256 zones of high, 
intermediate or low quality were cataloged.  

We used the regional, 1:5000 coastline 
cartography (Cartografía base del Principado 
de Asturias) to estimate the topographic 
variables. This cartography was reprojected 
from the European Datum 1950 (ED50) to the 
World Geodetic System (WGS 84) using the 
rgdal package (Keitt, Bivand, Pebesma, & 
Rowlingson, 2011) in R computing software (R 
Development Core Team, 2012). 

Gooseneck barnacle quality 

A characterization of gooseneck 
barnacle quality and size was given by Molares 
et al. (1987). Barnacles with an elongated 
peduncle are categorized as a low quality 
resource and those with a short stalk and more 
mass in their peduncle are considered of high 
quality. In Asturias, the quality for each of the 
fishing zones was initially determined through 
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fishers’ knowledge based on the economic 
value of the barnacles yielded by each rock. 
This was corroborated in 2006 and was 
incorporated into the Principado de Asturias 
Coastal and Marine Geographic Information 
System. The quality of an area can be 
classified as high, intermediate or low. 

Modeling fishing zone quality 

According to fishers’ knowledge the 
best quality barnacles are found in the hardest 
to reach areas. Thus, we modeled gooseneck 
barnacle quality at different spatial scales 
according to the topographical characteristics 
of the coastline using an innovative 
methodology.  

 Topographical variables 

The topography of the coast was 
characterized by five quantitative 
measurements, distance from the coast, 
orientation, convexity, exposure and 
complexity (using the fractal dimension of the 
coastline as a proxy). These measurements 
were analyzed for 256 fishing zones in 23 
different scales: 0.2, 0.3, 0.5, 0.6, 0.75, 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 12, 15, 17.5, 20, 22.5, 25, 
27.5 and 30 km. The first step was to find the 
centroid (center of mass) for each area. If the 
area was not a piece of mainland but an island, 
the nearest point in the coastline was selected. 
Then, a circle was generated around the 
centroid, with a diameter corresponding to the 
scale of choice. Next, we selected the two 

!
Figure 5.1 Map of the Asturian gooseneck barnacle co-management system. High, intermediate and 
low fishing zones are represented by black, grey and white circles, respectively. The management 

regions (plans) are represented by squares. 

!
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intersection points between the circumference 
and the coastline (A and B) and a straight line 
was drawn between them (line A-B; Fig. 5.2). 
The orientation of the area is determined by 
the angle between the perpendicular to line A-
B and the E-W line; angles of 180º and 0º 
indicate a purely westward or eastward 
orientation, respectively. The convexity of an 
area is estimated by the difference between 
the total surface of land above the A-B line 
minus the total surface of water between the A-
B line and the coastline; convex coastlines are 
indicated by positive values and concave 
coastlines by negative values. Exposure was 
estimated as the total area of water within the 
circle surrounding the centroid for each fishing 
zone (island or coastline).  

We used fractal dimension as a proxy 
for coastal complexity.  Fractal dimension is a 
ratio that examines the change in length and 
detail of an object as a function of the scale of 
measurement (Mandelbrot, 1967), hence the 
larger the fractal dimension the greater the 
complexity of the coast. We determined the 
fractal dimension of each fragment of coastline 
through the box-counting methodology 
employed in Wahl et al. (1994). First, a 
2000x2000 matrix was generated from a raster 
layer of the fragment of coastline at each 
spatial scale. Second, a regular grid comprised 
of boxes of size R was superimposed on the 
matrix.  We used a matrix instead of a 2D 
image to ensure reproducibility of our analyses. 
The number of boxes that include the coastline 
(N) was counted. The procedure is repeated 
the maximum number of times admissible for 
our chosen matrix size (20) with boxes of 
decreasing size. A linear regression is carried 

out with the results of our box-counting 
repetitions using the formula: 

log!! = !! + ! log(1/!!)! + !!!   
  !

Where,!β is the fractal dimension of our 
coastline fragment, �is the intercept and�is 
the error. 

Sampling measurements were 
programmed in R 2.15.3 software (R 
Development Core Team, 2012). 

 Statistical analyses 

Fishing zone quality was analyzed 
using a proportional-odds logistic multiple 
regression model with R packages rms (Harrell, 
2013) and MASS (Venables, 2002). The 
proportional odds model can be written as 

log !!!

!!!!!
=!∝!+ !"!                 

    

Where Pi
j is the probability of a fishing 

site i being in rank category j or lower, α is the 

!
Figure 5.2 Diagram of the procedure to 

obtain orientation and convexity 
estimates. X is the centroid of the fishing 

zone and the grey colored areas 
represent the area of land above line A-B 

and area of water under line A-B.  



5. LANDSCAPE AND GOOSENECK BARNACLE QUALITY 

! 57!

intercept which determines the cut-points 
between rank categories of j and β is the slope 
for explanatory variables X in fishing site i (Xi = 
Xi

1 + Xi
2 …. Xi

n). Thus, intercepts depend on j 
but slopes are all equal. The proportional-odds 
assumption was tested by means of a 
likelihood ratio test of equal slopes with the 
package ordinal (Christensen, 2012). 
Multicollinearity between variables was also 
assessed. 

To avoid overfitting, only the most 
representative scale for each variable was 
selected.  We carried out regression models for 
each scale, using a single explanatory variable, 
and a null model that only includes an intercept, 
reflecting no dependence of gooseneck 
barnacle quality on the explanatory variable. 
We explored the fit of the regression models 
using the estimated generalized R2 
(Nagelkerke, 1991).  A Bonferroni correction 
was applied to avoid type I error. Model 
selection was performed using Akaike 
Information Criterion (AIC) and Akaike weights 
(AICWt; Burnham & Anderson, 2002). The 
most suitable scale was then incorporated into 
a model selection using all explanatory 
variables.  

Models were selected a priori according 
to their relevance. Model selection was 
performed using AIC and Akaike weights. 
Once the optimal model was selected, the 
spatial autocorrelation of the residuals was 
analyzed using Moran’s I coefficient for equal 
distance classes. The fitted category 
probabilities (Fox, 2009) of each term in the 
optimal model were calculated. All graphical 
displays were plotted using the ggplot2 
package (Wickham, 2009). 

Model validation 

The apparent performance of our 
optimal model was assessed by fitting a 
prediction model with the rms package (Harrell, 
2013) using the entire data set. We looked at 
R2 and Somers’ Dxy rank correlation coefficient 
(Somers, 1962) as summary measures of the 
model’s performance. To address the 
predictive accuracy of the model we employed 
10-fold cross-validation.  

10-fold cross validation (Geisser, 1975) 
was carried out by splitting our dataset into 10 
random groups (folds) that preserved the 
overall class distribution. In each fold 90% of 
the data were used to generate a predictive 
model and the other 10% were used to 
evaluate the model estimates. Confusion 
matrices were generated for each fold to cross-
tabulate the observed against the predicted 
values using the caret package (Kuhn et al., 
2012). A total confusion matrix was calculated 
by adding the values in the individual matrices. 
The total confusion matrix identified the true 
positive rate (sensitivity), true negative rate 
(specificity), balanced accuracy (average 
between sensitivity and specificity for each 
class) and total accuracy (proportion of correct 
predictions). 
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Effects of quality on the fishery 

To understand the effect of quality on 
landings, yearly landings data for 2001-2011 
were analyzed for 222 fishing zones in the 
Asturias gooseneck barnacle co-management 
system. Landings were separated according to 
their quality and were standardized based on 
their coast length. A one-way Analysis of 
Variance (ANOVA) was used to test for 
differences between gooseneck barnacle 
qualities in landings per kilometer. 

Daily gooseneck barnacle sales data 
for the 17 main fish markets in Asturias were 
collected from 2001 to 2011. The mean yearly 
price per kilogram range and its standard error 
was calculated, considering daily minima and 
maxima. The difference in daily price per 

kilogram is attributed to the quality of the 
resource. 

5.3 Results 

Modeling fishing zone quality 

AIC model selection showed that 
optimal scales were 1 km for exposure (AICWt: 
0.38; R2: 0.21; p: <0.0001), 25 km for convexity 
(AICWt: 0.71; R2: 0.05; p: 0.02) and 30 km for 
complexity  (AICWt: 0.78; R2: 0.06; p: 0.004) 
(Fig. 5.3). There was no effect of orientation 
over quality since the null model was selected 
as the best model. We used these 3 variables 
at their corresponding scales and distance 
from the coast for our global model selection.  

For the global model selection 21 
models were considered (Table 5.1). The 

Figure 5.3 Coefficient of determination (R2) values for the individual effect of orientation, convexity, 
exposure and complexity on gooseneck barnacle quality at 23 spatial scales. 
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model with the highest explanatory power 
takes into account distance, convexity and 
exposure without any interactions (AICWt: 
0.31; R2: 0.39 and p: <0.0001). No significant 
spatial autocorrelation was detected. Exposure 
at a 1 km scale was very variable and no clear 
spatial patterns can be observed (Fig. 5.4). 
Convex zones at a 25 km scale are generally 
found towards the east of our study area in 

Cape Peñas. On the contrary, concave zones 
were observed in the western and central 
areas of the coast (Fig. 5.4). 

According to our model, areas that are 
convex, highly exposed and further from the 
coast will have a greater probability of being in 
the higher quality rank (Fig. 5.5; Table 5.2). 

 
k 

AICW
t R2 p 

Complexity 3 0 0.06 0.0002 
Distance 3 0 0.22 <0.0001 
Convexity 3 0 0.05 0.0009 
Wave exposure 3 0 0.21 <0.0001 
Wave exposure, Distance 4 0.06 0.37 <0.0001 
Wave exposure, Complexity 4 0 0.22 <0.0001 
Wave exposure, Convexity 4 0 0.22 <0.0001 
Convexity, Complexity 4 0 0.09 <0.0001 
Distance, Convexity, Wave exposure 5 0.31 0.39 <0.0001 
Distance, Convexity, Complexity 5 0 0.27 <0.0001 
Distance, Complexity, Wave exposure 5 0.04 0.37 <0.0001 
Convexity, Complexity, Wave exposure 5 0 0.24 <0.0001 
Convexity, Complexity, Wave exposure, Distance 6 0.16 0.39 <0.0001 
Wave exposure, Distance, Wave exposure x Distance 5 0.07 0.38 <0.0001 
Wave exposure, Convexity, Wave exposure x Convexity 5 0 0.23 <0.0001 
Convexity, Distance, Convexity x Distance 5 0 0.25 <0.0001 
Complexity, Distance, Complexity x Distance 5 0 0.24 <0.0001 
Wave exposure, Distance, Convexity, Complexity, Wave 
exposure x Distance 7 0.12 0.39 <0.0001 
Wave exposure, Distance, Convexity, Complexity, Wave 
exposure x Convexity 7 0.06 0.39 <0.0001 
Wave exposure, Distance, Convexity, Complexity, Convexity x 
Distance 7 0.11 0.39 <0.0001 
Wave exposure, Distance, Convexity, Complexity, Complexity x 
Distance 7 0.07 0.39 <0.0001 

 

Table 5.1 Variables in each of the models used for model selection with the number of estimated 
parameter (k), and their respective AIC weight (AICWt), R2, and significance (p) 

!
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 Furthermore, concave, protected 
areas on the coastline are more likely to 
hold gooseneck barnacles of a lower 
quality rank. The probability of observing 
intermediate zones decreases in convex, 
exposed areas separated from the coast 
but this decrease is not as pronounced as 
in lower quality areas. Additionally, 
intermediate areas exhibit concave 
coastlines (Fig. 5.5A).  

The model was supported and 
statistically significant (p <0.0001) according 
to cross-validation analysis. The confusion 
matrix of predicted versus actual classes is 
presented in Figure 5.6. The overall accuracy 
was 0.56 with 95% confidence intervals of 0.5 
and 0.62.  Sensitivity estimates were higher 
for the intermediate and high quality ranks and 
specificity was higher for the low and high 
ranks (Table 3.3).  The model displays 
predictive capacity for all ranks (Balanced 

  Predictor 
Coefficie
nt P(χ) 

Quality       
αIntermediate|High 
= 6.50 Convexity 0.0082 0.022 
αLow|Intermediate 
= 4.21 Distance 7.5893 <0.0001 
  Exposure 13.85 <0.0001 
!

Table 5.2 Predictor variables in the optimal 
model with their coefficient and 

significance.  α indicate the cut-point 
between classes.! 

!

 Figure 5.6 Cross-validated confusion matrix for values predicted by the optimal model and actual 
values. 

     Sensitivity Specificity 
Balanced 
accuracy 

Low 0.32 0.92 0.62 
Intermediate 0.66 0.5385 0.6 
High 0.6 0.84 0.72 

 

Table 5.3 Sensitivity, specificity and balanced 
accuracy for each class based on the cross-

validation of the optimal model. 

!
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accuracy >0.6), in particular the high quality 
rank (Table 3.3).  

Effect of quality on the fishery 

 Seasonal landings per quality 
standardized by kilometer where analyzed for 
the gooseneck barrnacle co-management 
system. Significant differences where found 
among the 3 qualities (One-way ANOVA F2: 
103.5, p < 0.001; Figure 5.7A). Most landings 
are obtained from high quality fishing zones, 
followed by intermediate and low quality areas. 
Furthermore, daily sales data for all fish 
markets showed an ample price per kilogram 
range, with a daily difference of 147.85€ per 

kilogram in 2001 up to 265.2€ in 2007 (Fig. 
5.7B).  

5.4 Discussion 

We have modeled gooseneck barnacle 
quality using 5 landscape-scale metrics, which 
were assessed at 23 different spatial scales. 
Our model indicates that higher gooseneck 
barnacle qualities will be present in areas that 
are highly exposed at a small, 1 km scale, 
convex at a 25 km scale and distant to the 
coast. Additionally, we analyzed a 10-year 
time-series in gooseneck barnacle landings 
and sales in Asturias. Both data sets appear to 
be affected by the quality of the individual 

!
Figure 5.7 Landings and sales differences in quality for 2001-2011. A. Seasonal landings per kilometer 

divided by quality classes high (black), intermediate (gray) and low (white). B. Range in price per 
kilogram. Bottom hinge represents the minimum value and top hinge the maximum value. The total 

difference between these values is presented at the right of each bar. 

!
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barnacles, thus indicating the importance of 
this attribute. These findings may bear 
important implications for the sustainable 
management of the fishery as well as in the 
conservation strategies for the intertidal 
community.  

Our model reflects the influence of 
topographic variables on gooseneck barnacle 
quality. There is a 75% probability of 
encountering good quality barnacles in highly 
exposed areas (Fig. 5.5B). Furthermore, in our 
study area, fishing zones located at a distance 
of ca. 700 m or more from the coast will 
coincide with high quality gooseneck barnacles. 
Both variables are likely reflecting the effect of 
wave action on gooseneck barnacle 
morphology. This is not surprising since the 
quality of gooseneck barnacles is determined 
by the amount of mass in their peduncle 
(Molares, 1987). This would imply that in 
exposed, wave-beaten areas barnacles would 
have to have a short and wide peduncle to 
withstand wave action. A similar response is 
observed in alpine plants, which grow shorter 
when affected by persistent winds (Billings & 
Mooney, 1968). Furthermore, barnacles 
develop shorter cirri in wave-beaten areas 
possibly as a means to prevent damage 
(Marchinko & Palmer, 2003). Additionally, 
fishers’ knowledge in the Canadian Pollicipes 
polymerus fishery indicates that the body 
shape and size in this species could vary with 
wave exposure (Lessard, Osborne, & Glen 
Jamieson, 2003). Considering that no genetic 
differences among phenotypes were found 
(Campo, 2006; Quinteiro et al., 2006) this 
would indicate a phenotypic plasticity in the 
species, a characteristic which has been linked 

to the resilience of fished populations (Healey, 
2009). 

The effect of wave action could also be 
driving the effect of convexity on quality. 
Nonetheless, this effect occurs at a much 
larger scale (25 km; Fig 5.4), what suggests 
that wave exposure affects quality at different 
spatial scales. A similar multi-scale effect of 
exposure was observed on reef fish 
abundance and biomass (Gust, Choat, & 
McCormick, 2001). The 25 km scale coincides 
with the geographical feature of Cape Peñas 
(Fig. 5.4). Thus, the effect of our modeled 
variables is being impacted by the local 
conditions. This might also be the case for 
coastal complexity. Increased fractal dimension 
generates turbulent flow (Mazzi & Vassilicos, 
2004), which in a coastline could increase 
wave action upon a rock. However, according 
to the AIC model selection this variable was 
excluded from the best model (Table 5.1). This 
may be due to the linear shape of our coastline, 
which lacks complexity (Fig. 5.1). Nonetheless, 
despite varying magnitudes in their effects, it is 
likely that the processes and variables here 
analyzed will likely exert an effect upon 
gooseneck barnacle quality in other areas. 
Demonstrating yet another example where the 
physical environment is exerting an effect on a 
harvested resource (Botsford, Castilla, & 
Peterson, 1997).  

We detected a clear selectivity towards 
high quality barnacles according to landings 
(Fig. 5.7A), what reinforces the importance of 
classifying the quality of habitats in pelagic and 
benthic species (Benaka, 1999; Diaz, Solan, & 
Valente, 2004). This bias towards high quality 
individuals is probably linked to the extreme 
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range in daily gooseneck barnacle market 
prices (Fig. 5.7B). The gooseneck barnacle 
fishery in Asturias applies an individual total 
allowable catch per fisher of either 6 or 8 kg 
per day during the fishing campaign (see 
Chapter 3). This limit in catches incentivizes 
fishers to harvest high quality individuals in 
order to maximize profit from their landings. By 
incorporating landscape metrics to categorize 
fishing zones harvesting costs can be reduced 
and profits further maximized.  

Fishers’ knowledge provided valuable 
information and determined the quality of the 
256 fishing zones in the co-management 
system (see Chapter 3). Our models balanced 
accuracy, the average accuracy obtained for 
each class, was higher for low and high than 
for intermediate quality zones (Table 5.3). High 
and low qualities might be easier to 
differentiate by the fishers but intermediate 
quality areas are likely a black box for areas 
whose quality cannot be easily defined. 
Therefore, our model is likely reflecting this 
variability. Still, the model is effective from a 
management perspective where harvest and 
revenue are focused on high quality areas (Fig. 
5.6), which were correctly identified in our 
model 72% of the times. Highlighting the 
importance of incorporating fishers’ and 
scientific knowledge in management policies 
(Mackinson, 2001). 

This selective harvest of high quality 
areas is currently beneficial from an economic 
point of view, since the fishers’ are maximizing 
their daily allowable catch profits. However, the 
overexploitation of the fishing zones could lead 
to shifts in the community of associated 

species (Kaiser & Jennings, 2001). Despite 
changes in the community in other levels of the 
intertidal (Fernández & Anadón, 2008), no 
apparent differences in the intertidal 
community have been observed in gooseneck 
barnacle zones (C. Fernández, Personal 
communication). Nevertheless, specific studies 
on the community structure of harvested areas 
should be carried out to test for harvesting 
effects. Moreover, one could argue the 
localized harvesting, in our case of the high 
quality resource, can lead to overexploitation 
and possible stock collapses (Hunt, Arlinghaus, 
Lester, & Kushneriuk, 2011). This scenario is 
unlikely in the Asturian gooseneck barnacle 
fishery where larval dispersal scales, climatic 
conditions and management policies prevent 
its overexploitation.  

Cantabrian populations of gooseneck 
barnacles display larval dispersal in a 10s of 
km scale (see Chapter 4). Thus, high quality 
zones would be receiving a constant input of 
larvae from less exploited low quality areas, 
exhibiting source-sink dynamics (Pulliam, 
1988). Low quality areas are naturally 
protected from overexploitation due to their low 
economic value (Fig. 5.7). Therefore, by 
incorporating landscape metrics to classify 
fishing zone quality managers can gain insight 
on areas that can be population sinks or 
sources and integrate it into management 
policies. Additionally, the gooseneck barnacle 
fishery is mostly carried out from October to 
April (see Chapter 3) when climatologic and 
oceanographic conditions are the roughest 
(Méndez, Menéndez, Luceño, Medina, & 
Graham, 2008), hindering the harvest of 
exposed areas. Similar challenging climates 



5. LANDSCAPE AND GOOSENECK BARNACLE QUALITY 

! 65!

have enabled the sustainability of other 
fisheries (Boyd, 1990). 

The classification of fishing zones by 
quality, which can now be modeled through 
landscape measures, allows for spatially 
explicit management policies. In the AGCS the 
fishers’ are allotted Territorial User Rights for 
Fishing (TURFs) and an active say in the 
decision making process. Management 
measures such as daily total allowable catch, 
temporal closures and fishing zone bans are 
some of the effort control measures adopted by 
the system (see Chapter 3). Total bans where 
harvest is not permitted for a year are generally 
applied to high quality zones. Temporal 
closures prevent overexploitation and allow the 
population to recover (Horwood, Nichols, & 
Milligan, 1998). Furthermore, of the co-
management system’s scales match those 
reflected by our model (Fig. 5.2). Plans are 
managed at a 10s of km scale and 
management of fishing zones through bans is 
done at a 10s - 100s of meters scale (Fig. 5.1).  
By matching social and ecological scales the 
co-management system is protecting the 
underlying structure of the population (Wilson, 
2006). The Asturian gooseneck barnacle 
fishery case study demonstrates the benefits of 

employing a holistic approach to fisheries 
management, where landscape, biological and 
socioeconomic factors are accounted for aiding 
in its ecological and economic sustainability. 

Through the simple landscape-metrics 
model presented in this study gooseneck 
barnacle fisheries can obtain a general 
approximation for the distribution of high quality 
zones which will be much more efficient 
temporally and economically than a 
painstaking in situ identification of the 
individual zones (which took 12 years in the 
case of Asturias).  Nonetheless, these 
classifications should also be accompanied by 
management policies, similar to those 
employed in Asturias, to protect areas from 
overexploitation, like the establishment of TAC 
and spatial and temporal closures (see 
Chapter 3). Landscape-metrics have proven to 
be a useful tool in determining the scales and 
drivers of gooseneck barnacle quality. 
Furthermore, these findings have direct 
applications in the management of the 
resource. Our results highlight the importance 
of incorporating landscape concepts in 
sedentary invertebrate fisheries management 
frameworks.

 



 



6. Resilience in the gooseneck barnacle 
fishery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Be formless, shapeless, like water. If you put water into a cup, it becomes the cup. You 
put water into a bottle and it becomes the bottle. You put it in a teapot it becomes the teapot. Now, 

water can flow or it can crash. Be water, my friend.” 

 - Bruce Lee 
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6.1 Introduction 

Fisheries are faced with unpredictable 
social, economic and ecological changes 
(Folke, 2006). Therefore, to achieve resilience 
they must incorporate learning processes that 
tackle uncertainty and change (Armitage et al., 
2009; Berkes, Colding, & Folke, 2003). 
Nonetheless, despite growing awareness on 
fishing stock vulnerability to global drivers 
(Tuler, Agyeman, da Silva, LoRusso, & Kay, 
2008) research that explores ways to build 
adaptive capacity within management 
frameworks has not received sufficient 
attention (Folke, 2006; Fulton, Smith, Smith, & 
van Putten, 2011). 

Co-management is the collaboration 
between governments and users in the 
exercise of resource management (Pinkerton, 
1989). It has been proposed as a useful 
approach to generate adaptive capacity 
(Berkes, 2009) and sustainable fisheries 
(Costanza et al., 1998). During the past 
decades, successful examples of co-
management systems have emerged 
worldwide (Gutiérrez, Hilborn, & Defeo, 2011), 
with some salient examples from fisheries 
(Cinner et al., 2012). These systems generally 
rely on a learning-by-doing approach, where 
problems are solved using knowledge that is 
generated from experience (Berkes, 2009). 
Analysis of their adaptability can help unravel 
the processes that promote the resilience of 
social-ecological systems (Folke et al., 2002).  

Co-management systems are generally 
regarded as successful if they are long-
enduring (Ostrom, 1990). However, 
ascertaining that a long enduring system is 

actually sustainable requires a long-term, 
empirical verification (Gardner, Ostrom, & 
Walker, 1990). This may prove difficult to 
conduct in social-ecological settings where the 
livelihood and welfare of a community is at 
stake. However, when possible, such 
verification not only increases our 
understanding of the co-management process 
but may also help identify basic principles that 
are relevant to multiple settings (Garcia & 
Staples, 2000).  

The gooseneck barnacle (Pollicipes 
pollicipes) inhabits rocky shores from France to 
Senegal (Barnes, 1996). It is considered a 
delicacy in the Iberian Peninsula, where it 
reaches prices up to 200 euros/kg (Chapter 3). 
The Asturian gooseneck barnacle fishery has 
been co-managed for the past 20 years, it is an 
ample source of empirical information on a 
complex social-ecological system in Europe 
(see Chapter 3). Despite its economic 
importance in the region, the resource was not 
commercialized in Asturias until the 
establishment of the co-management system in 
1994. Currently, 189 Asturian fishers harvest 
nearly 45,000 kg y-1 of gooseneck barnacles 
(see Chapter 3), what represents an important 
share of the total fishery activity in Asturias 
(INDUROT, Gobierno del Principado de 
Asturias: Consejería de Medio Rural y Pesca, 
& Universidad de Oviedo, 2010). This long-
standing fishery has survived through three 
important changes: (1) the early 
implementation of the co-management system 
from 1994 to 2004, (2) a change in 
management practices after the 2004-2005 
fishing season, prompted by a general 
perception of decreased resource abundance 
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and a reduction in landings, and (3) an 
economic crisis which began impacting 
Spanish markets in 2008 (Fernandez-
Villaverde & Ohanian, 2010). To determine the 
long-term sustainability of the fishery, we have 
analyzed a 10-year time-series of landings, 
effort, catch per unit effort (CPUE), mean 
weakly prices and mean annual revenue. 
Furthermore, we used fishers’ perception to 
systematically address 5 key factors that may 
contribute to the adaptability of the system -
effort, addition of new members, new 
technologies, selectivity and diversification - 
through the three episodes of change. Last, we 
integrated these results to assess and discuss 
the effect of co-management on the 
sustainability and adaptive capacity of the 
gooseneck barnacle fishery.  

6.2 Materials and methods 

The gooseneck barnacle fishery 

The gooseneck barnacle (Pollicipes 
pollicipes) is a pedunculate cirripede, with 
larvae adapted for dispersal and a sessile adult 
stage, that inhabits highly exposed rocky 
intertidal areas (De la Hoz & Garcıa, 1993). 
Fishers harvest the resource on foot using 
minimal equipment consisting of a helmet, wet 
suit, mesh bag to store the barnacles and a 
sharp metal tool known as bistronza, to 
manually remove the resource (Fig. 1.3). The 
fishery operates exclusively under the 
jurisdiction of the regional council (comunidad 
autónoma del Principado de Asturias).  

The Asturian gooseneck barnacle co-
management system is located in the 
Cantabrian coast (Spain; Fig. 1.5). The system 

is being co-managed by the government 
agency Dirección General de Pesca Marítima 
del Principado de Asturias (DGPM) and the 
local fishers’ associations. Seven management 
areas, known as plans, comprise the co-
management system: Tapia de Casariego-
Figueras, Viavélez, Ortiguera, Puerto de Vega, 
Luarca, Cudillero-Oviñana and Cabo Peñas 
(Chapter 3). Currently, the Tapia de Casariego-
Figueras, Viavélez, Ortiguera, Puerto de Vega, 
Luarca and Cudillero-Oviñana (i.e. seasonal 
plans) have a fishing season length of 7 
months. A perceived decline of the resource in 
2004 led to a reduction of the individual daily 
TAC from 6 to 8 kg. This decline was not 
perceived in the Cabo Peñas plan, therefore 
their daily individual TAC remained at 8 kg and 
their fishing season was extended to a year-
round harvest. In view of the different 
management strategies, we analyzed the 
sustainability of Cabo Peñas (yearly plan) and 
the seasonal plans (7-month harvest) 
separately. 

Sustainability of the fishery 

For the past 20 years fishers and 
surveillance officers have recorded daily 
landings and effort as part of the co-
management agreement. We used this data to 
assess the sustainability of the co-
management system by analyzing total yearly 
landings (kg), effort (days) and catch per unit 
effort (CPUE; kg /day) from the 1998-1999 to 
the 2010-2011 fishing seasons. The different 
management plans were sequentially 
incorporated into the co-management system, 
until the present size of 7 management plans 
was reached in 1998. Therefore, data from 
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1994 to 1998 were not included in the analyses 
because not all the management plans were in 
place and a comparison of years with an 
unequal number of plans could lead to spurious 
trends. Data for the Luarca management plan 
were incomplete and had to be excluded from 
the analyses.  

Landings, effort and CPUE data were 
first modeled by linear regression to extract the 
long-term trend and the noise component as 

!! = !! + !" + !!  

Where y represents landings, effort or 
CPUE, t is time in years, Ɛ is the noise 
component, α the intercept and β the slope of 
the long-term trend. 

We then performed a multiple linear 
regression of the long-term trend, the changes 
that affected the fishery using a factorial 
variable with two levels (i.e. early 
implementation from 1998-2004 and new 
management measures from 2004-2011) as an 
independent regressor and the noise 
component, it can be written as 

!! = !! + !" +Management! + !!  

Where y represents landings, effort or 
CPUE, t is time in years, Management 
indicates the effect of the early implementation 
of co-management and new management 
policies on the time-series, Ɛ is the noise 
component, α the intercept and β the slope of 
the long-term trend. The effect of the economic 
crisis was not accounted for due to limited data. 

We used the Akaike Information 
Criterion (AIC) to determine which of the two 
models best explains the long-term trends in 

landings, effort and catch per unit effort 
separately for the yearly plan and for the 
seasonal plans. 

We analyzed gooseneck barnacle sales 
from 2002 to 2011 in the Puerto de Vega fish 
market, which sells a major share of the catch 
from the co-management plans. Sales prices 
were adjusted for inflation using the price index 
for mollusks and crustaceans in the Spanish 
market (source: www.ine.es). To determine 
long-term trends in weekly price per kilogram 
data and its seasonality we used Generalized 
Additive Modeling (GAM; Wood, 2006). The 
variability in the time-series was divided into 3 
components: long-term trend, seasonal 
component and noise component (Chatfield, 
2013). Our model assumes a linear long-term 
trend incorporated through a sequence of time 
and a flexible seasonal pattern. The model can 
be written as 

!"#$"%&'! = !! + !" + !(!) + !!  

where Variable is price per kilogram, t is 
time in weeks, Ɛ is the noise component, α the 
intercept, β the slope of the linear long-term 
trend and f is the smooth function of the week 
of the year w. We estimated f(w) using cyclic 
cubic regression spline smoothing (Wood, 
2003) and the effective degrees of freedom 
were selected by the generalized cross-
validation score (GCV). All GAM calculations 
were analyzed using the mgcv package. To 
obtain a general picture of the long term-trend 
in sales prices, mean yearly price per kilogram 
was also analyzed through linear regression 
analysis.  
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We used landings data – part of which 
are sold in the black market - and mean yearly 
price obtained from sales data in Puerto de 
Vega to analyze mean annual revenue per 
fisher in the seasonal plans for 2001 to 2011. 
Annual revenue per fisher for the yearly, Cabo 
Peñas plan was not analyzed because most of 
their sales occur in black markets and cannot 
be accounted for. 

Adaptive capacity of the resource users 

We assessed the adaptive capacity of 
the resource users when confronted with the 
three main changes in the fishery: early 
implementation of the co-management system, 
change in management measures and 
economic crisis. For this, we first carried out 
focus groups in the 7 co-management plans 
from October to December 2012, each focus 
group included resource users and government 
officers. Using the information provided by the 
focus groups, we developed a questionnaire to 
evaluate the fishers’ level of agreement with 15 
statements ranked in a 5-point Likert scale, 
using “strongly disagree” and “strongly agree” 
as anchor points. The questionnaire assessed 
adaptive capacity according to 5 aspects: effort, 
addition of new members, new technologies, 
selectivity and diversification. The use of new 
technologies mainly refers to wet suits and 
high-speed inflatable boats. Selectivity is 
defined as the harvest of high quality 
individuals whose market value is on average 
51.95 euros/kg greater than low quality 
individuals (Chapter 3). Diversification could be 
focused toward other species (marine-based) 
or towards work on land (land-based). A total 
of 73 questionnaires were conducted, which 

covered 16-87% of fishers per plan. 
Differences among plans and time-periods 
(based on the three changes) were analyzed 
using a non-parametric Kruskal-Wallis one-way 
analysis of variance by ranks. If significant 
differences were detected, we used 
proportional odds logistic regression for 
ordered dependent factors using the MASS 
package (Venables & Ripley, 2002). The 
effects of the proportional odds logit model 
where assessed using the effects package 
(Fox, 2009). 

All analyses were done using R 
computing software version 2.15.3 (R 
Development Core Team, 2012). 

 6.3 Results 

Sustainability of the system 
 
Trends in fishery data for the seasonal 

management plans 

According to AIC, the model that best 
describes the long-term trends in landings and 
CPUE is the multiple linear regression, which 
accounts for the change in management 
measures (Figs. 6.1A and C). A steady 
decrease in landings is observed after the early 
implementation of the co-management system. 
However, after the change in management 
measures in 2004 landings stabilize at ca. 
30000 kg/year (multiple linear regression; R2 = 
0.78, p = 0.06: Fig. 6.1A). The best model to 
describe the trends in total effort for the 
seasonal plans is the linear regression, which 
reveals a continuous decrease of 111 
days/year (R2 = 0.45, p = 0.01; Fig. 6.1B). This 
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indicates that the 2004 change in management 
policies had no significant effect on the fishing 
effort. Therefore, the establishment of co-
management had a negative effect on effort 
and landings during the early implementation 
period, and generated a decreasing trend of 
CPUE between 1998 and 2004. Nonetheless a 
reduction of the individual, daily TAC in the 
2004-2005 fishing season was successful in 

generating positive trends in CPUE for the 
seasonal plans.  

Trends in fishery data for the Cabo Peñas 

plan 

Results in the Cabo Peñas plan differ 
from those observed in the other 6 
management plans (see preceding section). 
There are no significant long-term trends in 

 
Figure 6.1 Optimal model for long-term trends on seasonal landings, effort and catch per unit effort in 

the seasonal plans (A, B, C, respectively) and the yearly plan (D, E, F; solid line) and their standard 
error (dotted line). Shapes represent the different time periods: Implementation (circles), change in 

management measures (squares and triangles) and economic crisis (triangles). The R2 and p-value for 
the best model are represented in the upper left corner of each graph. 
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landings, effort or CPUE in the yearly plan 
(Figs. 6.1D-F, p = 0.68, 0.45 and 0.9, 
respectively). However, declining trends in 
landings and effort occur after the 
implementation of the co-management 
system and the incorporation of year-
round harvest in 2004 (Figs. 6.1D and E). 
There is a distinct decrease in effort and 
landings in the 2002-2003 campaign in 
Cabo Peñas, which corresponds with a 
temporal closure in the plan after the 
Prestige oil spill. The model that best 
describes the trends in CPUE in the yearly 
plan is the linear regression, indicating 
that year-round harvest does not affect 
CPUE. Nonetheless, CPUE decreases 
during the first year of the economic crisis 
(2008-2009 fishing season; Fig. 6.1F) but 
recovers the following fishing seasons. 

Trends in sales data 

Gooseneck barnacle sales have a 
distinct seasonal component. The highest 
sales prices are achieved during the 
holidays, towards the third week of 
December (GAM; p <0.0001, EDF = 
15.72; Adjusted R2 = 0.33; Fig. 6.2A). 
Mean sales prices for gooseneck 
barnacles in Asturias peaked the year 
before the economic crisis (2007). 
Nonetheless, there is no significant long-
term trend in mean weekly and yearly 
price/kg from 2002 to 2011 (Fig. 6.2A and 
B). Therefore, the economic crisis does 
not appear to have a significant impact on 
gooseneck barnacle sales prices. 
However, it might affect the mean annual 
revenue per fisher, which decreases 

 
Figure 6.2 Trends in gooseneck barnacle sales and revenue 
from January 2002 to December 2011. (A) Long-term changes 
in weekly mean price per kg, predicted values from the 
Generalized Additive Models (GAM, black curve) are plotted 
with their standard error (dotted line). Long-term linear 
component of the model is represented through the solid 
black line. (B) Long-term linear trend in yearly mean price per 
kg (solid line) and its standard error (dotted line). (C) Long-
term linear trend for mean annual revenue per fisher for the 
seasonal plans (solid line) and its confidence intervals (dotted 
line). The different time periods are represented by arrows. 
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53.89 euros/fisher/year throughout the time-
series. However, this trend is not statistically 
significant (linear regression; p = 0.33). 

Adaptability of the system 

Fishers perceived that effort was 
reduced after the change in management 
measures and the economic crisis (Fig. 6.3). 
This is consistent with our effort time-series 
data (Figs. 6.1B and E). Early implementation 
of co-management was not taken into account 
because management guidelines explicitly 
control effort. Additionally, an increase in new 
members and new technologies was only 
perceived after initial implementation of the co-
management system (Fig. 6.3; Kruskal-Wallis, 

p<0.01). We did not consider an increase in 
new technologies after the change in 
management measures because we deemed it 
unlikely that new technologies would emerge in 
the time gap between the change in 
management period and the economic crisis 
period.  

Fishers became more selective after 
each of the 3 changes. Nonetheless, after the 
change in management measures and the 
economic crisis the responses differed among 
management plans (Kruskal-Wallis; p = 0.06 
and 0.01, respectively; Fig. 6.4). This 
perceived increase in selectivity is greater in 
the 3 smallest co-management plans (Viavélez, 
Ortiguera and Puerto de Vega; Fig. 6.4). 

 
Figure 6.3 Adaptive response of the users to the 3 changes in the fishery (implementation, change 

in management measures and economic crisis) based on (A) effort, (B) new members, (C) new 
technologies and (D) selectivity. The box represents the inter-quartile range, bold line within the 

box represents the median, the whiskers represent the data range and the dots the outliers. 
Kruskal-Wallis analysis showed significant difference in new members and new technologies, p-

values are indicated. 
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After the economic crisis, most plans 
perceived a need to diversify (Fig. 6.5). This 
diversification is, in general, directed towards 
other species and less towards work on land 
(Kruskal-Wallis, p<0.001; Fig. 6.5). The Tapia-
Figueras plan was the only exception, with 
nearly 75% of fishers not perceiving a 
diversification of their income (Kruskal-Wallis; p 
= 0.01). The adaptive strategies employed by 
the plans after each change are summarized in 

Table 1. 

6.4 Discussion 

We have assessed the sustainability 
and resilience of the gooseneck barnacle 
fishery in Asturias after 3 important changes: 
the early implementation of a co-management 
system, a change in management measures, 
and a global economic crisis. Throughout the 
20-year history of the gooseneck barnacle 

 
Figure 6.4 Differences in selectivity among plans after the change in management measures and 

the economic crisis. 
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fishery, fishers have self-organized and 
developed adaptive strategies to cope with 
these changes. Social learning and continuous 
rounds of learning by doing were included in 
management policies that adapted to the 
changing environment and the individual needs 
of the resource users, triggering sustainable 
CPUE and stable prices. The implementation 
of the gooseneck barnacle co-management 
system, in 1994, generated the 
commercialization of the resource in Asturias 
(Chapter 3). From 1994 to 1998 the system 
grew exponentially in number of users and in 

management areas. The addition of new 
members (Fig. 6.3B) may have produced a 
decrease in landings during the early 
implementation period (1998-2004; Figs. 6.2A 
and D). According to the fishers, this trend was 
counteracted with an increase in the use of 
new technologies such as speedboats to reach 
more fishing sites in a single day (Fig. 6.3C), a 
strategy that commonly leads to stock 
depletion (Pauly et al., 2002). However, the 
perceived decline in landings led to a change 
in management measures, which succeeded in 
stabilizing or increasing CPUE (Fig. 6.2). 

 
Figure 6.5 Difference in diversification strategies after the economic crisis between (A) plans and (B) 
livelihoods. The box represents the inter-quartile range, the bold line within the box represents the 

median, whiskers represent the data range and the dots the outliers. 
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Additionally, management measures were 
adapted to the individual needs of each plan. 
For example, instead of reducing TAC in the 
Cabo Peñas plan, effort was controlled through 
the restriction of the total fishing days per year 
and the number of new members (Chapter 3). 
This kind of collaborative trial and error 
process through which new management 
measures are tested confers greater resilience 
to the fisheries, increasing their social and 
ecological sustainability (Armitage et al., 2009; 
Berkes, 2006). In addition, the collaborative 
nature of co-management systems typically 
facilitates the empowerment of the resource 

users and increases social awareness and 
self-reliance (Pomeroy, Katon, & Harkes, 2001).  

Co-management systems can also 
increase the economic and ecological 
awareness of resource users (Schumann, 
2007). The co-management system in Asturias 
generated social learning, which drove the 
fishers to adopt adaptive strategies such as 
diversification and selectivity. The fishery is 
embedded in the global economy and must 
therefore be able to cope with its 
unpredictabilities. From 1994 to 2008 Spain 
experienced a real state boom, which propelled 

Adaptive strategies 
Cudillero-
Oviñana Luarca Tapia-

Figueras 
Cabo 
Peñas Ortiguera Viavelez Puerto de 

Vega 

Implementation of co-management system       
Reduction in effort NA 
Increase in new members               
Use of new technologies               
Increase in selectivity        
Increase in marine-based 
diversification        
  Change in management measures 
Reduction in effort               
Increase in new members        
Use of new technologies NA 
Increase in selectivity           
Increase in marine-based 
diversification        
  Economic crisis 
Reduction in effort               
Increase in new members        
Use of new technologies        
Increase in selectivity           
Increase in marine-based 
diversification               

 

Table 6.1 Summary of adaptive strategies employed by each co-management plan during the 3 changes. 
Gray indicates that the strategy was implemented and NA means that this information is not available. 
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the national economy. This real state bubble 
(as is commonly called in the media) collapsed 
in 2008, leading to an acute recession 
(Fernandez-Villaverde & Ohanian, 2010). Such 
crises can potentially assist in the collapse of 
inflexible fisheries, as was the case of 
Canada’s northern cod fishery (Schrank, 1995). 
This was not the case in the Asturian 
gooseneck barnacle fishery, where the 
management plans adapted and diversified 
(Fig. 6.5) instead of increasing effort (Figs. 
6.1A and E). This strategy generated stable 
sales prices and reduced mean annual 
revenue (Fig. 6.2). These type of responses 
are known to lead to the long-term 
sustainability of a fishery (Cinner, Folke, Daw, 
& Hicks, 2011). Moreover, fishers chose to 
expand their activities both on land and, to a 
greater degree, to fishing for other species (Fig. 
6.5). This is consistent with research on the 
Asturian artisanal fleet, where fishers diversify 
their harvest but do not expand to other 
métiers (García-de-la-Fuente, González-
Álvarez, García-Flórez, Fernández-Rueda, & 
Alcázar-Álvarez, 2013). Diversification to a 
wider range of target species is not only 
ecologically sound, but also helps reduce 
economic risks by addressing investor’s needs 
(according to Portfolio Theory in economics; 
Markowitz, 1970). It confers greater resilience 
to artisanal fisheries, by providing a source of 
income to the community while moving towards 
an ecosystem-based approach. Furthermore, 
Asturian fishers in the smaller plans adapted to 
changes in management and the economic 
crisis by increasing their selectivity towards 
higher quality barnacles, thus maximizing their 
profits (Figs. 6.2A and 6.4; Chapter 3). This 
strategy also helps reduce by-catch (Worm et 

al., 2009), which is important in this fishery, 
particularly for juvenile barnacles (Macho, 
Naya, Freire, Villasante, & Molares, 2013). 
Thus, selectivity in the Asturian gooseneck 
barnacle fishery allows the smaller individuals 
to remain, potentially improving subsequent 
harvests.  

Co-management, like any other 
management approach, is not a panacea and 
might not be able to meet every small-scale 
fishery’s needs. Due to their unpredictable 
nature, adaptive management of complex 
social-ecological systems requires monitoring 
to constantly steer change in the appropriate 
direction (Mahon, McConney, & Roy, 2008). 
Very recently, fishers in the seasonal plans 
requested that some of the zones were open to 
harvest during the summer. This new harvest 
strategy of the co-management system is 
being closely monitored and the information 
generated will surely feed back into the 
adaptive management cycle (Fulton et al., 
2011). In addition, the results presented here 
are currently being disseminated among the 
resource users so they can evaluate the 
effectiveness of previous decisions. This 
information may prove crucial in future rounds 
of decision-making and experimentation to 
confront more complex problems, such as 
those expected from climate change drivers. 

An analysis of the evolutionary 
dynamics of co-management in Asturias has 
allowed us to understand the role of adaptive 
capacity, particularly the effect of fishery 
diversification and increased selectivity in 
gooseneck barnacle quality, in sustaining the 
gooseneck barnacle fishery during the last 20 
years. Social learning, adaptability towards 
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unpredictability and the role of repeated rounds 
of learning by doing must be included as 
critical elements in the design and 
implementation of co-management systems. 

Co-management confers adaptive capacity to 
fisheries, thus promoting their resilience in a 
constantly changing and uncertain world.
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“The marine environment is facing challenges that, if not addressed immediately and 
effectively, will have profound implications for sustainable development." 

-  Kofi Annan 
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The gooseneck barnacle fishery has 
been co-managed for the past 20 years in 
Asturias. It is a unique example of a fishery 
that has been co-managed since its inception. 
Like all complex social-ecological systems its 
ecosystem dynamics cannot be separated from 
the community (Berkes & Folke, 1998). Thus, 
here we have analyzed several socioeconomic 
and ecologic components of the AGCS. Its 
socioeconomic characteristics were assessed 
in Chapter 3. The effects of larval dispersal and 
landscape characteristics on the fishery and 
their management implications were evaluated 
in Chapters 4 and 5. Finally, in Chapter 6 we 
analyzed how all these components led to a 
sustainable and resilient fishery. Our aim is to 
disentangle the drivers for the sustainability of 
the gooseneck barnacle fishery to help address 
the current challenges in fisheries 
management by providing a set of basic 
principles that can help achieve a sustainable 
fishery. 

7.1 Trends and drivers 

The sustainability of fisheries has been 
questioned and analyzed for the past century, 
which has led to the scientific study of trends in 
fishing catches (Smith, 1994). In most cases it 
is only through catches that the status of the 
fishery can be evaluated (e.g. generate 
biomass estimates; Froese, Zeller, Kleisner, & 
Pauly, 2012). Moreover, understanding the 
socio-economic and ecologic drivers that affect 
these systems continues to be a challenge 
(Hughes, Bellwood, Folke, Steneck, & Wilson, 
2005). We used the extensive gooseneck 
barnacle landings and effort time-series to 
evaluate its sustainability through time. 

Additionally, the implications of key biological 
traits on the sustainable management of the 
gooseneck barnacle were investigated. Finally 
we employed interviews, focus groups and 
questionnaires to unravel the main 
socioeconomic drivers for the long-term 
sustainability of the fishery.  

Stewardship and social capital  

After its inception, the AGCS 
experimented a constant increase in fishers 
and area (Chapter 3). According to 
stakeholders, this led to a reduction in 
gooseneck barnacle populations and a 
decrease in landings. We corroborated this 
decrease in landings and CPUE for the period 
of 1998-2004 (Chapter 6). In open access 
fisheries, that do not implement effort control 
measures, this situation would have inevitably 
led to a tragedy of the commons (Hardin, 1968). 
Moreover, overexploitation of a resource can 
lead to its eventual depletion, what can have 
drastic ecological consequences when paired 
with other anthropogenic disturbances 
(Jackson et al., 2001). Nonetheless, this was 
not the case in the AGCS. After the 
implementation of effort control measures in 
the 2004-2005 campaign CPUE increased in 
the seasonal plans and remained stable in the 
yearly plan (Fig. 6.1). These management 
measures were only carried out because the 
resource users agreed to the changes, 
demonstrating increased ecological awareness. 
Through property rights agreements fishers 
shift from resource users to stewards of the 
resource (Young & McCay, 1995), who strive 
for the long-term sustainability of the fishery. 
We used the characteristics of gooseneck 
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barnacle fishers that distinguish them as 
stewards of the resource versus resource 
users to determine what defines a steward of a 
resource, joining attempts with other 
investigations (Table 7.1; Dixon, Siemer, & 
Knuth, 1995; Worrell & Appleby, 2000). In the 
AGCS we observed how the co-management 
system created social capital by improving 
cooperation among fishers and between 
stakeholders. This generates entitlement in the 
fishers and a concern for the long-term 
sustainability of the resource (Chapter 3). 

Fishers’ and scientific knowledge 

The AGCS employed heterogeneous 
effort control, which varied among 
management plans (7) and fishing zones (256). 
For instance, the Cabo Peñas plan continues 
to harvest all year round but has a limit of 
harvest days. On the contrary, the seasonal 
plans harvest during the 7-month fishing 
season and reduced their individual daily TAC 
from 8 to 6 kg. This heterogeneous 

management is not restrained to the plan scale 
(10s of km), it also occurs at the fishing zone 
scale (100s of meters), where a distinct ban is 
applied to each zone. These bans have 
successfully reduced effort and increased 
revenue (Chapter 3). In other species similar 
bans have been successful in increasing 
resource abundance (Aswani, Flores, & 
Broitman, 2014). Furthermore, ecosystem 
modeling has demonstrated that spatial and 
temporal closures have a positive impact on 
fishing stocks (Zeller & Reinert, 2004). It is 
important to highlight that the heterogeneous 
management of fishing zones and plans is only 
possible because the AGCS is managed at a 
fine-scale. The determination of distinctive 
fishing zones and subsequent classification in 
qualities was only accomplished through the 
incorporation of fishers’ knowledge (Chapter 5). 
Furthermore, fishers’ actively participate in the 
establishment of bans based on their 
knowledge on the status of each fishing zone 
obtained during the previous campaign 
(Chapter 3). The AGCS comprehends that the 

Steward  Resource user 

Long-term benefits Short-term gains 
Cooperative behaviors Individualistic behavior 
Entitled Detached 
Invests in the protection of the resource Indifferent about the protection of the resource 
Safeguards the environment for future 
generations Exploits the environment for self-gain 
Promote conservation initiatives Might hinder conservation initiatives 
Past and/or future ties to the resource Sporadic exploitation 
View the resource as their heritage View the resource as a job 
Use resources efficiently Exploit resources 
Compliance with management policies Disregard for management policies 

 

Table. 7.1 Characteristic of a steward of the resource versus a resource user based on AGCS 
experience. 
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incorporation of fishers’ knowledge and social 
learning in fisheries management is a 
continuous process that is essential to any 
SES (Berkes, Colding, & Folke, 2000).  

Another important factor to consider is 
that the gooseneck barnacle is a luxury 
resource in the Iberian Peninsula, thus it is 
possible that this can affect its sustainability. In 
certain fisheries a higher market value 
indicates a greater extinction risk for the 
species because it leads to opportunistic 
exploitation (Purcell, Polidoro, Hamel, Gamboa, 
& Mercier, 2014). On the contrary, in the AGCS 
the high market value of the species combined 
with the co-management system appears to be 
a driver for its sustainability. Fishers’ may be 
motivated to harvest it sustainably to ensure its 
persistence because it is more profitable than 
other local species. Additionally, not all 
barnacles are luxury barnacles; only those in 
the higher qualities achieve high market prices 
(Chapter 5). Indicating that the measure of the 
AGCS to categorize fishing zones by quality 
using fishers’ knowledge was appropriate. 
Modeling the areas that are more likely to 
render high quality barnacles (Chapter 5) can 
enhance the ecologic and economic 
sustainability of other gooseneck barnacle 
fisheries, as has been the case in the AGCS. 
Economically, fishers will get the most return 
from their investment by harvesting good 
quality fishing zones exclusively. Ecologically, 
stakeholders can protect these high interest 
areas by establishing temporal bans in the 
fishing zone and in areas to its east that are a 
source of larvae (Chapter 4). This will not only 
prevent its depletion but also ensure higher 
economic returns. 

It is likely that the co-management 
system promoted the ecologic awareness of 
the fishers as was the case in wetland 
management in southern Sweden (Olsson, 
Folke, & Hahn, 2004). Part of this ecologic 
awareness can be due to the constant 
collaboration between the fishers and scientists. 
When properly incorporated scientific 
knowledge can aid in achieving management 
goals (McNie, 2007) and raise public 
awareness (Agardy, 2000). The AGCS has 
incorporated scientific knowledge since its 
inception by carefully accounting for the life-
history traits of the species in its management 
(Chapter 3). The 7-month fishing season was 
established to protect the main reproductive 
peak of the species during the summer (Macho, 
2006). Since gooseneck barnacles tend to 
settle on conspecifics (Cruz, Castro, & 
Hawkins, 2010) there is a greater probability of 
juveniles settling when the adults are not being 
harvested. Moreover, by taking into account 
the time it takes to reach commercial size and 
recent findings on the effect of upwelling on 
recruitment it is possible to predict the 
productivity of the system 4 years in advance 
(Chapter 4). The generation of scientific 
knowledge and its constant incorporation in 
management policies has strengthened the 
AGCS. 

Matching of scales 

SSF commonly have to deal with cross-
scale governance, where there is a disparity 
between the resource and the institutional 
boundaries (Berkes, 2003). The AGCS is a 
complex social-ecological system that 
encompasses various scales and their 
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interactions. Institutional interactions exist 
among fishery policies that affect the 
gooseneck barnacle system. These are 
regional policies, like the CFP, as well as the 
national Spanish fishery policies and the 
regional (Principado de Asturias) policies 
established between the DGPM and the fishers’ 
associations. The local fishing activity is based 
on the decision-making at the individual or plan 
level, it concerns harvesting time and areas, 
adoption of new technologies, diversification, 
selectivity and other adaptive strategies. The 
implementation of a co-management system 
has been essential in developing a close 
relationship between resource users and the 
DGPM. This arrangement has enabled the 
DGPM to work as a bridging organization 
between the local fishing activity and external 

processes at different scales (Fig. 7.1). 

We have explored the spatial and 
temporal scales of 2 important ecologic 
processes in the fishery: larval dispersal 
(Chapter 4) and the effect of habitat on 
resource quality (Chapter 5). Ecological 
processes are based on the species’ 
population dynamics, which range from months 
to years and include reproduction, larval 
dispersal and population growth (Chapter 4; 
Cruz et al., 2010). The AGCS has incorporated 
many of the species’ life history traits, such as 
reproductive cycle, growth and phenotypic 
plasticity, in their management policies 
(Chapter 3; Fig. 7.1). As we explored in 
Chapter 4 the management scale of the AGCS 
matches the larval dispersal scale (10s of km). 

 
Figure 7.1 Schematic representation of spatial and temporal interactions among scales of 4 
domains involved in the gooseneck barnacle fishery. These domains are climatic, ecologic, 
social and economic (grey, white, black and striped circles, respectively). The dotted square 

represents the scale of the adaptive co-management system. The diagram is based on figures by 
Clark (1987) and Cash (2006). 
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The AGCS has taken advantage of this by 
evenly distributing total bans along the coast 
thus preventing the washout of the population 
(Largier, 2003). Furthermore, by determining 
the larval dispersal spatial scale certain low 
interest (low quality) zones could be 
transformed into no-take MPAs to ensure the 
persistence of the population as well as the 
protection of high interest areas.  

Climatic processes also affect fisheries 
at different scales, these encompass the long-
term global climate variability and the general 
weather system (Fig. 7.1; Clark, 1987). The 
prediction of large-scale climate variability is 
riddled by uncertainty (Murphy et al., 2004) and 
most fisheries are highly vulnerable to its 
effects (Allison et al., 2009). Although the 
AGCS does not appear to be directly impacted 
by climate change, its adaptive capacity 
(Chapter 6) is a useful tool in withstanding any 
possible climate change effects. The general 
weather system works at small spatio-temporal 
scales and interacts directly with local fishing 
activity (Fig. 7.1). The gooseneck barnacle in 
Asturias is usually harvested during the 
autumn and winter seasons when the weather 
conditions are the roughest (Méndez, 
Menéndez, Luceño, Medina, & Graham, 2008). 
Extreme wave intensities can hamper the 
harvest of the most exposed fishing zones, 
which tend to have the highest quality of 
barnacles (Chapter 5). Due to the unreliable 
weather conditions many of the partial ban 
areas (Chapter 3) are good quality zones that 
can be easily accessed. These are reserved 
for winter months when the weather is at its 
worst and market prices peak (Chapter 3).  

Economic factors are crucial in 
maintaining fisheries (Delgado, 2003). 
Economic processes that interact with the 
AGCS include long and intermediate duration 
changes, where shifts in global and regional 
economies can occur (Clark, 1987), and 
market cycles. Global and regional economic 
processes can affect fisheries by reducing or 
increasing demands (Delgado, 2003) and 
increasing harvests costs (Cochrane, 2000). 
Landings, revenue and market prices in the 
AGCS were impacted by the economic crisis 
(Figures 6.1 and 6.2). Nevertheless, thanks to 
the adaptive strategies employed by the fishers’ 
long-term trends were not affected by the crisis. 
Additionally, local market cycles are also 
interacting with the AGCS. We observed 
cyclical fluctuations in mean gooseneck 
barnacle prices in first sale markets (Chapter 
6). Sales peaks coincide with the opening of 
banned high quality areas (Chapter 3). The 
AGCS and market cycles are directly affecting 
each other, which is a common characteristic 
in successful co-management systems 
(Gutiérrez, Hilborn, & Defeo, 2011). 

We have summarized four major 
processes that work at varying spatial and 
temporal scales which affect the AGCS, i.e. 
social, ecologic, climatic, and economic (Fig. 
7.1). The co-management system generated 
linkages between different management scales, 
a feature which is essential in a globalized 
world (Berkes, 2007). 

Holistic management and resilience  

As we have previously mentioned the 
AGCS is no stranger to the effect of uncertainty 
(Chapter 6; preceding section). We have 
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observed how the system managed to 
overcome an economic crisis by implementing 
adaptive strategies, mainly selective harvest of 
high quality resource and métier diversification 
(Chapter 6). Additionally, the AGCS 
successfully adjusted their effort management 
policies to prevent the overexploitation of the 
system in the 2004-2005 fishing campaign. 

The adaptive management observed in the 
AGCS is a continuous process, which follows 
an Ecosystem Based Fisheries Management 
(EBFM) framework (Chapter 1; Fig. 7.2; 
Misund & Skjoldal, 2005). The first step is 
setting an objective; the AGCS general 
objective is establishing a sustainable fishery. 
The next step to achieve this is to carry out 

Figure 7.2 Example of how the AGCS has incorporated the EBFM framework. 
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monitoring and research, like the stock 
assessments the DGPM completed before the 
implementation of the co-management system 
(Chapter 3). This was followed by an integrated 
assessment, where it was decided that a 
gooseneck barnacle fishery in Asturias was 
viable. Using scientific advice life-history traits 
of the species and management policies were 
suggested. This resulted in the establishment 
of the co-management system with its rules 
and regulations, such as daily individual TAC 
and fishing season length. Nonetheless, all 
holistic management approaches must 
incorporate resource users in management 
frameworks (Botsford, Castilla, & Peterson, 
1997). Once the fishers’ associations agreed to 
a permanent co-management system they 
incorporated their fishers’ knowledge and 
individual needs (Chapter 3). This led to the 
change in management policies in 2004, where 
daily individual TAC was modified from 8 to 6 
kg for most of the campaign and the Cabo 
Peñas plan began their yearly harvest (Fig. 
7.2). This is just one of the examples of how 
the AGCS is continuously incorporating social, 
economic and ecologic factors in its 
management. As in other fisheries (Folke et al., 
2002), the adaptive management of the AGCS 
where the resource users needs (Chapter 3) 
and uncertainty (Chapter 6) are accounted for 
has generated the resilience of the fishery.  

7.2 Lessons 

There is no single recipe for successful 
fisheries management. All fisheries are unique 
in their socio-economic and ecologic context 
(Allison, 2011). Nonetheless, we must learn 
from successful examples and try to obtain 

some basic principles. The AGCS has 
successfully harvested gooseneck barnacle 
communities for the past 20 years. It has been 
confronted by internal and external 
uncertainties yet it has adapted and managed 
to attain economic gain and sustainable 
populations. 

Since its beginnings the DGPM had a 
well-defined policy on the incorporation of 
scientific information. Through the years 
constant monitoring and follow up research has 
been developed. This new information is 
integrated into management policies and 
revisited when necessary. The capacity of 
certain co-management systems to integrate 
scientific knowledge in management is 
essential to their success (Gelcich et al., 2009; 
McCay et al., 2014). Additionally, the detailed 
information obtained from monitoring efforts, 
scientific assessments and fishers’ knowledge 
has extensive research potential. The 
generation of new knowledge can be included 
in future rounds of adaptive management to 
help tackle complex problems that might affect 
the fishery, like climate change. This gradual 
collection of knowledge is a key aspect in the 
resilience of adaptive management systems 
(Berkes & Folke, 1998). In the AGCS, the 
adaptive management and constant monitoring, 
by government official and fishers has enabled 
its sustainability.  

As part of this premise, we believe that 
the knowledge generated in this work should 
be incorporated in future rounds of adaptive 
management. Furthermore, it is imperative to 
communicate this and any scientific information 
to all stakeholders. Frequently, scientific 
information is not properly distributed to the 
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public, in a way that is easy to comprehend 
(Smith, 1994). We aim to prevent this by 
developing several public outreach strategies. 
These encompass: conferences with the 
fishers associations, meetings with government 
officials, media coverage, a public information 
website and an information leaflet. The 
webpage information is provided in Chapter 9. 
It is important to create a connection among 
scientists, policy makers and society. 

Co-management has been particularly 
beneficial in the gooseneck barnacle fishery 
because its management scales match the 
biological scales of the species and the scale 
of socioeconomic drivers interacting with the 
AGCS. Thus, protecting the underlying 
structure of the population (Wilson, 2006). The 
AGCS stands out because of its fine-scale, 
which is rare in other fisheries (Wilson, 2006). 
This source of information is only possible in a 
bottom-up system where fishers participate in 
the collection of data. Furthermore, the joint 
relationship between the DGPM and the fishers 
is strategic to the success of the system. The 
DGPM works as a bridging organization 
between the fishers associations, national and 
regional fishing policies, supporting multilevel 
governance.  

It is essential to account for the human 
component in fisheries management (Hall-
Arber, Pomeroy, & Conway, 2009). Through 
community participation, their opinions and 
knowledge are considered in fisheries 
management. In the AGCS this constant 
participation has generated a sense of 
entitlement among the fishers (Chapter 3). This 

transforms them into stewards with ties to the 
resource that go beyond short-term economic 
gains. When resource users have a sense of 
empowerment it is more likely that they will 
comply with the established policies (Gezelius 
& Hauck, 2011). This can be observed in the 
gooseneck barnacle fishers’ opinion of the co-
management system, where most agree that 
the current system is the only way to achieve 
and maintain a successful fishery. The AGCS’ 
fishers are willing to volunteer their time and 
money to protect the resource. The only way 
for a fishery to be successful is by engaging 
stakeholders in the management process 
(Mackinson, Wilson, Galiay, & Deas, 2011).  

There is no key to a sustainable fishery. 
It is rather a combination of ecologic, social 
and economic drivers exclusive to each fishery 
that must be regarded in holistic fisheries 
management, such as the EBFM approach 
(Pikitch et al., 2004). Management must tailor 
to the specific needs of each fishery (Olsson, 
Folke, & Berkes, 2004). Furthermore, these 
drivers are not static in time and must be 
closely monitored and policies modified when 
circumstances so require (Armitage et al., 
2009). Adaptive management is a never-
ending loop of rounds of learning by doing 
(Berkes, 2009). Adaptive capacity is perhaps 
the main element for the sustainability of the 
AGCS, conferring it the capacity to adapt to its 
existing needs and respond to changes. The 
AGCS has preserved a sustainable fishery 
throughout the past 20 years by employing a 
holistic, adaptive and participatory approach to 
fisheries management. 
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“When spider webs unite, they can tie up a lion.” 

- Ethiopian proverb
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1. The establishment of a co-management system in Asturias enabled the 
commercialization of the gooseneck barnacle in the area, a fine-scale 
management of the resource, and the establishment of flexible management 
policies adapted to the individual needs of heterogeneous groups of resource 
users. Our findings confirm that co-management agreements can be a useful 
alternative for small-scale fisheries management in Europe. 

 

2. Stakeholders agree that a sustainable gooseneck barnacle fishery could not be 
accomplished without the co-management system. Moreover, the incorporation of 
community participation in the AGCS has empowered users and generated social 
capital. 

 

3. Gooseneck barnacles in the Cantabrian Sea have a larval dispersal distance of 
10s of km that is driven by coastal upwelling events. Furthermore, intense coastal 
upwelling events can enhance the productivity of the gooseneck barnacle fishery 
with a 4-year lag.  

 

4. Quality is a determining factor in gooseneck barnacle landings and revenue. It can 
be incorporated into management frameworks using a predictive model comprised 
by 3 landscape-metrics at 2 different spatial scales, these are: convexity, exposure 
and distance to coast.  

 

5. The incorporation of scientific knowledge in AGCS has assisted in unraveling some 
of the biological dynamics of the gooseneck barnacle and helped generate 
innovative management policies. Hence, a constant input of scientific knowledge 
should be properly incorporated in management frameworks. 

  



8. CONCLUSIONS 

 94 

 

6. The gooseneck barnacle fishery is a complex social-ecological system that has 
required a holistic approach to management. Management of the gooseneck 
barnacle in Asturias has accounted for the ecological dynamics of the species 
through the incorporation of larval dispersal, reproductive cycle and the effect of 
habitat quality in management guidelines. Furthermore, the socio-economic needs 
of the diverse groups of stakeholders have been met through flexible management 
policies.  

 

7. The AGCS was able to achieve sustainability, despite 3 important changes, by 
incorporating adaptive strategies such as métier diversification and selectivity of 
high quality barnacles. The systems’ adaptive management strategy promotes its 
resilience; this is an essential characteristic in the constantly changing 
environment in which fisheries are embedded. 

 

8. The management of the gooseneck barnacle has been a continuous, systematic 
and flexible process. The gooseneck barnacle fishery will continue to evolve. Thus, 
its management policies must continue to be closely monitored and submitted to 
repeated rounds of learning by doing to direct change in the appropriate direction. 
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“Muere lentamente quien se transforma en esclavo del habito,  
repitiendo todos los días los mismos senderos,   

quien no cambia de rutina,   
no se arriesga a vestir un nuevo color    

o no conversa con desconocidos.” 

 
- Martha Medeiros 
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9.1 Resumen 

La crisis pesquera 

El mundo está afrontando una crisis 
pesquera, donde el 90% de las pesquerías 
globales se encuentran sobreexplotadas (FAO, 
2014). Esto muchas veces se atribuye a las 
políticas de libre acceso1 que llevan a las 
pesquerías a un dilema conocido como la 
tragedia de los comunes (Hardin, 1968). La 

tragedia de los comunes se refiere a una 
situación donde cada pescador intentará 
capturar la mayor cantidad del recurso posible, 
ya que si no, otro lo hará. Si todos los 
pescadores siguen esta misma estrategia, esto 
inevitablemente producirá la desaparición de la 
pesquería. En Europa se han generado varias 
políticas para evitar esta situación, entre las 

que podemos destacar la Política Pesquera 
Común (PPC). El objetivo de la PPC es 
obtener un recurso pesquero sostenible que 
satisfaga las necesidades económicas tanto de 
esta generación como de las futuras. 
Lamentablemente, la PPC no ha logrado sus 
objetivos ya que en el año 2009 el 88% de los 
recursos pesqueros europeos se encontraban 
sobreexplotados (Commission of the European 
Communities, 2009). Los resultados 
desfavorables de la PPC se atribuyen a 
numerosas razones, entre las que podemos 
destacar: (1) las políticas de gestión 
centralizadas en el gobierno, las cuales no 
consultan a los pescadores (Linke & Jentoft, 
2013), (2) políticas creadas a nivel 
internacional que generan tensión entre 
actores europeos y locales (Symes, Steins, & 
Alegret, 2003), (3) implementación de políticas 
que fomentan capturas desmesuradas 
(Hentrich & Salomon, 2006), (4) la falta de 
intervención científica en la gestión de las 
pesquerías (Daw & Gray, 2005) y (5) la 
desaprobación de los pescadores (Khalilian, 
Froese, Proelss, & Requate, 2010). 

1 Libre acceso es una forma de gestión 
del recursos donde no se aplica ningún 
tipo de restricción para su explotación.  

 

Figura 9.1 Estado de los stocks pesqueros mundiales desde 1974 hasta el 2011. Figura tomada 
de FAO (2014). 
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Consecuentemente la pregunta en la mente de 
gestores, usuarios del recurso y científicos es 
unánime: ¿Cómo podemos obtener una 
pesquería sostenible? 

Cambios en los modelos de gestión 

pesquera 

La búsqueda de una solución a esta 
pregunta ha llevado a un cambio radical en la 
forma clásica de ver la gestión de las 
pesquerías. La forma de interpretar el papel 
del ser humano en las pesquerías está 
cambiando, en lugar de percibirlo como el 
depredador del ecosistema, se ha llegado a 
considerar una parte esencial de un sistema 
socio-ecológico (Gelcich et al., 2010). Como 
parte de este cambio, se han fomentando 
estrategias de gestión alternativas como la co-
gestión y la gestión pesquera basada en los 
ecosistemas.  

La co-gestión es un sistema donde el 
gobierno y la comunidad colaboran en la 
gestión del recurso (Fig. 9.2; Pinkerton, 1989), 
compartiendo entre ambos las 
responsabilidades y los beneficios de la 

explotación del recurso (Pomeroy, 1995). Este 
tipo gestión se ha difundido por todo el mundo 
debido a las ventajas que proporciona. Entre 
estas ventajas destacan: (1) la integración de 
la comunidad (Jentoft, 2000), (2) el 
empoderamiento de los pescadores (Jentoft, 
2005), (3) su capacidad de incorporar tanto 
información científica como el conocimiento de 
los pescadores en la gestión del recurso 
(Castilla & Defeo, 2001) y (4) su capacidad de 
adaptarse a los cambios (Armitage et al., 
2009). La gestión pesquera basada en los 
ecosistemas ha surgido a partir de la 
necesidad de manejar las pesquerías de forma 
integrada en la que se incorporen tanto los 
elementos ambientales como humanos (Fig. 
9.3; Pomeroy, 2005). Este enfoque busca 
preservar los ecosistemas y que estos a su 
vez puedan sostener las pesquerías (Pikitch et 
al., 2004). Este objetivo solo se puede lograr 
entendiendo los antecedentes socio-
ecológicos de las pesquerías (Ecosystem 
Principles Advisory Panel, 1999). 

Para poder generar conclusiones sobre 
un sistema de gestión, el mismo debe haber 
sido analizado por medio de experimentación 

 

Figura 9.2 Diagrama representativo de la co-gestión. 
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en sistemas reales (Gardner, Ostrom, & 
Walker, 1990). Sin embargo, en el caso de las 
pesquerías esto rara vez es posible ya que 
cualquier experimentación in situ podría 
afectar los medios de vida de muchas 
personas. No obstante, los análisis de series 
temporales recabadas por los sistemas de 
gestión pueden ser de utilidad para 
desentrañar las causas que conllevan a su 
éxito o fracaso. La pesquería del percebe en 
Asturias ofrece una excelente oportunidad 
para examinar el efecto a largo plazo de la co-
gestión y la gestión pesquera basada en el 
ecosistema sobre una pesquería. 

 

La pesquería del percebe en Asturias 

 

El percebe (Pollicipes pollicipes; Fig. 
9.4) es un crustáceo que habita en zonas 
costeras batidas por el oleaje desde Francia 
hasta Senegal. El percebe tiene un gran 

interés comercial en España y Portugal, donde 
ha alcanzado precios de venta muy altos 
(Molares & Freire, 2003). El marisqueo del 
percebe se realiza a pie, utilizando un equipo 
de recolección sencillo que consiste en : (1) 
casco, (2) neopreno, (3) bistronza y (4) bolsa 
de malla (Fig. 9.5). Actualmente el percebe es 
un recurso de mucha importancia para la flota 
pesquera artesanal asturiana. Sin embargo, 
previo a los años 90 este recurso era sólo 
recolectado por algunos pescadores como 
pesca complementaria de sus explotaciones 
principales. La Dirección General de Pesca 
Marítima del Principado de Asturias (DGPM) 
identificó la oportunidad de comercializar este 
recurso en la zona, ya que en la Comunidad 
Autónoma de Galicia el recurso tenia una 
elevada demanda y reportaba importantes 
beneficios económicos (Macho, Freire, & 
Molares, 2008). Tras la evaluación de la 
población de percebes en la costa asturiana, 

 

Figura 9.3 Diagrama representativo de los 
sistemas que engloba la gestión pesquera 

basada en los ecosistemas. La zona común roja 
indica la interaccionan de los tres sistemas. 

 

Figura 9.4 Anatomía externa de un percebe. 
El capítulo es la parte donde se encuentran 

los órganos vitales y el pedúnculo es la parte 
que se fija a la roca. Foto: Hans Hillewaert. 
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se determino que su explotación sería factible 
(De la Hoz & Garcıa, 1993). El siguiente paso 
fue contactar con las cofradías locales e 
invitarles a participar en un sistema de co-
gestión del percebe, en donde se les otorgaría 
derechos de uso de territorio y una 
participación activa en la gestión a cambio de 
la recolección de datos por parte de los 
pescadores. En 1992 se estableció un plan de 
explotación piloto entre el DGPM y la cofradía 
de Ortiguera. Este plan fue muy bien recibido y 
en el año 1994 se estableció oficialmente el 
sistema de co-gestión del percebe en Asturias 
(SCPA).  

A partir de esa fecha, el SCPA se ha 
expandido por la mayoría de la costa oeste 
Asturiana y actualmente está conformado por 
7 planes de explotación que son co-
gestionados entre las respectivas cofradías de 
pescadores y el DGPM, las cofradías son: 
Tapia de Casariego-Figueras, Viavélez, 
Ortiguera, Puerto de Vega, Luarca, Cudillero-
Oviñana y Luanco-Bañugues (Cabo Peñas; Fig. 
9.6). Entre los planes, 3 de ellos cuentan con 
una gestión compartida entre dos cofradías. 
Cada uno de los planes ha sido subdividido en 

zonas de pesca catalogadas como buena, 
regular o mala dependiendo de la calidad del 
recurso2 (Fig. 9.7). Desde su constitución en 
1994 hasta el 2014 seis de los planes (Tapia 
de Casariego-Figueras, Viavélez, Ortiguera, 
Puerto de Vega, Luarca y Cudillero-Oviñana) 
explotan el recurso durante una temporada de 
pesca de 7 meses (octubre - abril). Por su 
parte, el plan de Cabo Peñas se diferencia del 
resto en que a partir del 2004 explota el 
recurso durante todo el año en días 
establecidos al inicio de la campaña.   

El SCPA es un sistema de gestión 
único, el cual desde sus inicios ha fomentado 
la participación comunitaria y ha implementado 
una gestión basada en el ecosistema del 
recurso. Adicionalmente, los datos 
recolectados por los pescadores son una 
fuente invaluable de información, la cual nos 
permite analizar los cambios que a lo largo del 
tiempo ha sufrido la pesquería. Gracias a esta 
disponibilidad de información se ha podido 
analizar la sostenibilidad de la pesquería del 
percebe en Asturias durante los últimos 20 
años. Primero analizamos su historia y sus 
principales características socio- económicas. 

Figura 9.5 Marisqueo del percebe en Asturias en una zona batida por las olas. Los pescadores utilizan 
la indumentaria típica: casco, neopreno, bistronza y bolsa de malla. Foto: Antonella Rivera. 
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Figura 9.6. (A) Mapa de la costa Asturiana, mostrando los 7 planes de gestión. (B) Mapa a escala 
fina del plan de gestión de Luarca. (C) Vista detallada de 7 zonas de pesca del plan de Luarca.  

 
2 La calidad del percebe depende de la 
cantidad de masa que tenga en el 
pedúnculo (Fig. 9.4). Los percebes cortos 
y gruesos son considerados de buena 
calidad y los largos y delgados, conocidos 
como aguarones, son de mala calidad 
(Fig 9.7). 
 

 

 
 

Figura 9.7 Percebe de buena calidad (izquierda) y de mala 
calidad (derecha). Foto: Antonella Rivera. 
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Después, evaluamos el efecto y la 
transcendencia en la gestión de la dispersión 
larvaria y la ecología del paisaje. Finalmente, 
evaluamos como el conjunto de estos 
componentes ha generado una pesquería 
sostenible a pesar de 3 cambios importantes.  

La co-gestión en Asturias 

Es significativo como el sistema de co-
gestión impulsó la comercialización del 
percebe en Asturias. Es así como después del 
establecimiento del sistema, el percebe ha 
llegado a alcanzar precios de hasta 266 

Figura 9.8 Precios medios mensuales (2001-2011) y capturas medias (1994-2011) en los planes 
estacionales (Tapia-Figueras, Viavélez, Ortiguera, Puerto Vega, Luarca and Cudillero-Oviñana) y 
en el plan anual (Cabo Peñas) durante la temporada baja (azul), media (amarillo) y alta (rojo). Las 

barras representan el error estándar. 
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euros/kg en lonjas Asturianas. Adicionalmente, 
es perceptible cómo las capturas y ventas de 
percebe registran una estacionalidad muy 
marcada. Durante el periodo navideño, el 
precio medio del percebe asciende a 43 
euros/kg, mientras que durante el resto de la 
temporada, la media de su precio es de 25.97 
euros/kg y en el caso particular del plan de 
Cabo Peñas en verano, es de 17.94 euros/kg 
(Fig. 9.8). 

Muchas de las fluctuaciones en el 
precio del percebe se relacionan con la gestión 
flexible que se lleva acabo en el SCPA. A partir 
del conocimiento de los pescadores se generó 
una clasificación de las 256 zonas de pesca 
presentes en el sistema en base a la calidad 
de percebe. Cada año se llevan acabo 
monitoreos de estas zonas por parte de la 
DGPM y los pescadores. Esto permite 
identificar el estado actual de cada zona y 
decidir qué zonas serán vedadas durante una 

campaña en particular. Esta gestión dinámica 
de vedas permite al sistema adaptarse a las 
necesidades particulares de cada zona de 
pesca y de esta forma evitar su 
sobreexplotación. En la Figura 9.9 se presenta 
el ejemplo de una zona de pesca de buena 
calidad, llamada Percebosas la cual es parte 
del plan de explotación de Tapia-Figueras. Al 
ser una zona de buena calidad, inicialmente 
fue gestionada mediante una veda parcial. Sin 
embargo, resultó que cada año las capturas se 
iban reduciendo. Para frenar esta disminución 
en el número de capturas, las partes 
involucradas decidieron cambiar el tipo de 
gestión a una en el que cada año se alternaría 
entre vedas totales y parciales. Esta medida 
resultó exitosa, logrando revertir la tendencia 
negativa en el número de capturas lo que llevó 
al incremento de ganancias anuales de la zona. 

La flexibilidad en el sistema de co-
gestión igualmente se implementa en la escala 

 
Figura 9.9 Capturas totales en la zona de pesca de buena calidad Percebosas. Se 

muestra la tendencia (línea continua) y el error estándar (línea discontinua) para los 
dos tipos de gestión. Las vedas parciales se representan con círculos y las totales con 

triángulos. 
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de planes de explotación. En la campaña de 
pesca de 2004-2005, a partir de peticiones de 
los pescadores, se modificó la duración de la 
campaña en el plan de Cabo Peñas. En lugar 
de continuar explotando el recurso durante 7 
meses, como en el resto de los planes, se 
permitió su pesca durante todo el año. 
Asimismo, para evitar la sobreexplotación en el 
plan de Cabo Peñas, únicamente se les 
permitió explotar el recurso un número limitado 
de días establecidos al inicio de cada campaña. 
De esta forma el sistema de co-gestión ha 

logrado ajustarse a las necesidades de todos 
los actores.  

Consecuentemente, la co-gestión de la 
pesquería del percebe en Asturias ha logrado 
empoderar a los pescadores y generar capital 
social. Es importante puntualizar que muchas 
de las políticas implementadas en el SCPA se 
basan en los conocimientos de los pescadores 
(por ejemplo vedas, calidades o zonas de 
pesca). La participación activa de los 
pescadores en la gestión del recurso 
promueve su empoderamiento y su 
conformidad con dichas medidas. Es tanto el 

 
Figura 9.10 Colaboración entre pescadores en el sistema de co-gestión del percebe en 

Asturias. 
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sentimiento de empoderamiento que en 
algunos planes de explotación, los pescadores 
voluntariamente realizan vigilancia de las 
principales zonas de pesca. A su vez, la 
otorgación de los derechos de uso de territorio 
a los pescadores ha reducido la competencia 
entre pescadores con respecto a un sistema 
de libre acceso. En el SCPA es común que los 
pescadores colaboren entre sí. En la Figura 
9.10 podemos observar como los pescadores 
trabajan en equipo en todos los pasos del 
proceso pesquero desde la extracción del 
recurso hasta la venta.  

Finalmente, es importante destacar que 
el sistema de co-gestión ha tenido éxito en el 
consenso social, ya que el 73% de los 
pescadores coinciden que el sistema de co-
gestión es la mejor alternativa para la gestión 
del percebe en Asturias. En breve, el SCPA ha 
logrado empoderar a los pescadores, 
incorporar el conocimiento científico y 

adaptarse a las necesidades socio-ecológicas 
del sistema.  

Dispersión larvaria del percebe y sus 

implicaciones en la gestión 

El percebe pasa toda su vida adulta 
fijado a las rocas. Sin embargo, durante su 
fase larvaria, es transportado decenas de 
kilómetros por las corrientes marinas. En la 
zona Cantábrica, estos movimientos se deben 
en gran parte al afloramiento costero. El 
afloramiento es un proceso donde corrientes 
frías y cargadas de nutrientes suben a la 
superficie del océano (Bode et al., 1996; Botas, 
Fernández, Bode, & Anadón, 1990). En años 
de afloramiento intenso, nuestro modelo 
estima que, en promedio, las larvas son 
transportadas a 56 km al oeste del punto 
donde fueron liberadas. Sin embargo, durante 
años de afloramiento débil solo el 15% de las 
larvas logran regresar a costa y la mayoría se 

 
Figura 9.11 Dispersión simulada de las larvas de percebe para un año de afloramiento 

intenso (2009) y uno de afloramiento débil (2011). El punto 0 indica la zona donde fueron 
liberadas las larvas. 
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asientan a 12 km hacia el este del punto de 
origen (Fig. 9.11). 

El efecto del afloramiento sobre las 
larvas también se refleja en las capturas de 
percebe 4 años después, que es el tiempo que 
le toma al percebe alcanzar su talla comercial. 
Es decir, si un año hay vientos del nordeste 
más intensos en la costa asturiana se 
incrementará el reclutamiento de larvas y 4 
años después habrá más percebe de talla 
comercial en las rocas (Fig. 9.12).  

Estos descubrimientos pueden tener 
importantes implicaciones para la gestión de la 
especie. Al conocer la intensidad del 
afloramiento podemos comprender y predecir 
las fluctuaciones en producción con 4 años de 

antelación. Esto nos permite tomar las 
medidas necesarias para la preservación del 
recurso. Asimismo, la distancia que se 
dispersan las larvas se confina a la escala del 
sistema de co-gestión, lo que conlleva que las 
medidas de protección llevadas acabo en una 
zona de pesca afecten a zonas ubicadas 
decenas de kilómetros hacia el oeste gracias 
al transporte larvario. De esta manera, las 
vedas en zonas de mala calidad de percebe 
pueden ayudar a repoblar zonas de buena 
calidad que se encuentren al oeste de ellas. 
Casualmente, las vedas establecidas por el 
SCPA tienden a distribuirse a lo largo de toda 
la costa funcionando como pequeños refugios 
de percebe, logrando incorporar exitosamente 

 Figura 9.12 Relación entre las capturas de percebe en Asturias y la intensidad del afloramiento 
cuatro años antes. Los puntos blancos indican los años antes al cambio de cupo (1994-2004) y los 

negros los años después del mismo (2004-2011).  
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la escala de dispersión larvaria dentro del 
marco de su sistema de gestión. 

Efecto de topografía sobre la calidad del 

percebe 

La calidad del percebe es un factor de 
gran importancia para su pesquería, ya que 
influye sustancialmente en su valor económico. 
Por ejemplo, en un mismo día un kilogramo de 
percebe de mala calidad se puede vender 
hasta 265 euros más barato que uno de buena 
calidad (Figura 9.13). Es por ello que los 
pescadores muestran una predilección por las 
zonas de buena calidad. Debido a la 
importancia económica de la calidad del 
percebe varias investigaciones han intentado 
descifrar los factores que influyen en estas 
diferencias. Se ha determinado que las 
diferencias entre calidades no se deben a 

causas genéticas (Campo, 2006) por lo que 
deben consistir en respuestas fenotípicas 
plásticas a determinados factores ambientales.  

El SCPA catalogó la calidad en cada 
una de sus 256 zonas de pesca utilizando el 
conocimiento de los pescadores. Esta 
clasificación sería muy costosa de no ser por 
la ayuda de los pescadores, lo que pone de 
relieve otra de las ventajas de la co-gestión. 
Adicionalmente, esta información ha permitido 
generar un modelo predictivo de la calidad de 
zonas de pesca.  

A través de este modelo, hemos podido 
identificar que la calidad del percebe depende 
de la topografía de la zona donde asiente. 
Nuestro modelo toma en cuenta 3 factores 
topográficos: la distancia a la costa, la 
exposición de la zona de pesca en un ámbito 
de 1 km y la convexidad de la costa en un 

 
Figura 9.13 Rango de diferencias en ventas anuales de percebe en la lonja de Puerto Vega. El precio 

medio se encuentra representado por el circulo negro. 
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ámbito de 25 km. El modelo predice que el 
mejor percebe se encontrará en zonas 
distantes a la costa, muy expuestas y 
convexas, ocurriendo lo contrario para el 
percebe de mala calidad.  

La incorporación de estos factores 
topográficos en la gestión del percebe puede 
ser de gran beneficio para la pesquería en 
otras regiones. Nuestro modelo puede ayudar 
a los pescadores a obtener mayores 
rendimientos económicos de sus capturas, al 
precisar la localización de las zonas donde el 
recurso presenta mayor valor económico. 

Asimismo, la identificación de las zonas de 
mayor calidad permite generar políticas de 
protección adecuadas a estas zonas, como las 
vedas temporales y los cupos de captura. Por 
todo ello, la implementación de un modelo de 
gestión integrado que considere los factores 
topográficos podría ser de gran utilidad para el 
desarrollo de estrategias de conservación del 
recurso y también permitiría la generación de 
mayores ganancias económicas. 

 

Figura 9.14 Tendencias en capturas por unidad de esfuerzo diarias antes (1998-2004) del cambio 
de cupo y después (2005-2011) en los planes de Tapia de Casariego-Figueras, Viavélez, Puerto de 

Vega, Cudillero-Oviñana, Ortiguera y Cabo Peñas. Las líneas continuas representan tendencias 
significativas. 
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La sostenibilidad de la pesquería del 

percebe en Asturias 

A lo largo de la evolución del SCPA se 
pueden destacar 3 importantes cambios que 
han impactado de manera significativa a la 
pesquería: (1) el establecimiento del sistema 
de co-gestión en el año 1994, (2) el cambio de 
políticas de gestión en el año 2004, 
caracterizado por una reducción en el número 
de capturas y (3) la crisis económica que 
afecto al país a partir de 2008 (Fernandez-
Villaverde & Ohanian, 2010). Entre 1998-2004 
las capturas por unidad de esfuerzo en los 
planes de explotación de Tapia de Casariego-
Figueras, Viavélez, Puerto de Vega y 
Cudillero-Oviñana se redujeron 
significativamente. Debido a esto los 
pescadores y la DGPM acordaron reducir el 

cupo de captura diario por pescador de 8 kg a 
6 kg. Esta medida fue exitosa ya que generó 
un incremento en capturas por unidad de 
esfuerzo en dichos planes (Fig. 9.14). Si bien 
en el plan de Cabo Peñas no se llevó acabo 
dicha reducción en el cupo diario, se han 
logrado mantener estables las capturas por 
unidad de esfuerzo, a través de las medidas 
de gestión (Fig. 9.14). Por otro lado, tras la 
crisis económica, el precio del percebe 
disminuyó (Fig. 9.15). Sin embargo, al analizar 
la tendencia a largo plazo de ventas vemos 
que esta ha permanecido constante.  

3 Resiliencia es la capacidad de un 
sistema de recuperarse a perturbaciones 
económicas, sociales o ambientales 
(Adger, 2000).  

Figura 9.15 Tendencias en ventas de percebe en la lonja de Puerto de Vega del 2001-
2011. 
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La sostenibilidad económica y 
ecológica de la pesquería del percebe se ha 
debido a las estrategias adaptativas en las 
políticas de gestión y en la explotación racional 
del recurso. Los pescadores de la mayoría de 
los planes, exceptuando Tapia-Figueras, han 
indicado que a partir de la crisis económica 
han recurrido a la diversificación de recursos 
pesqueros, siendo esta una estrategia 
compatible con la gestión de la pesquería del 
percebe basada en el ecosistema. Esta 
diversificación puede aportar mayor resiliencia3 
a la pesquería y proveer mayores ingresos a 
los pescadores. Los pescadores en los planes 
de gestión de Viavélez, Ortiguera y Puerto de 
Vega indicaron que tras la reducción del cupo 
diario y la crisis económica, ellos optaron por 
acentuar aún más la selectividad hacia 
percebes de mayor calidad para aumentar sus 
ganancias económicas.  

En definitiva, el estudio del SCPA nos 
ha demostrado que no existe una fórmula 
única para lograr la sostenibilidad de una 
pesquería. Es importante que un sistema de 
gestión sea dinámico adaptándose a las 
necesidades que se presentan en cada 
instante para lograr una pesquería sostenible. 
Es por esto que las políticas de gestión deben 
ser continuamente revisadas y modificadas 
para asegurar que se está avanzado en la 
dirección correcta. En este sentido, el SCPA 
ha logrado mantener la sostenibilidad de la 
pesquería del percebe por los últimos 20 años 
a través de una gestión participativa, integrada 
y adaptativa. 

 

 

9.2 Conclusiones 

1. El sistema de co-gestión en Asturias permitió y alentó la comercialización del 
percebe en la zona, la gestión a una escala fina del recurso y el establecimiento 
de políticas flexibles adaptables a las necesidades y circunstancias de los distintos 
grupos de usuarios. Lo anterior confirma que los sistemas de co-gestión son una 
buena alternativa para la gestión de las pesquerías artesanales en Europa. 

2. Los usuarios del recurso han manifestado que la única forma de mantener una 
pesquería sostenible de percebe es a través del sistema de co-gestión. La 
incorporación de los usuarios en la gestión ha generado el empoderamiento de los 
pescadores y ha contribuido a fomentar su capital social. 

3. La dispersión larvaria del percebe en el mar Cantábrico sucede a una escala de 
decenas de kilómetros, la cual es transportada por el afloramiento costero. Más 
aún, los eventos intensos de afloramiento contribuyen a incrementar la 
productividad de la pesquería del percebe en un horizonte de 4 años. 
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4. La calidad del percebe tiene un fuerte impacto sobre su captura y venta. 
Consiguientemente, es fundamental integrar este factor en el marco de gestión del 
recurso, lo cual se puede lograr a través de un modelo predictivo que considere 3 
variables topográficas en 2 escalas espaciales, estas son: La convexidad, 
exposición y distancia a la costa. 

5. La incorporación del conocimiento científico en el SCPA ha permitido desvelar 
algunos de los procesos biológicos del percebe y ha asistido en la generación de 
políticas innovadoras de gestión. Por consiguiente, consideramos esencial 
incorporar el conocimiento científico validado en los marcos de gestión pesquera. 

6. La pesquería del percebe es un sistema socio-ecológico complejo el cual ha 
requerido una gestión integrada. La gestión del percebe en Asturias toma en 
cuenta las dinámicas del ecológicas de la especie, como la dispersión larvaria, la 
temporada reproductiva y el efecto del hábitat sobre el recurso. Asimismo, a través 
de políticas de manejo flexibles se han incorporado las necesidades sociales y 
económicas del los usuarios del recurso. 

7. El SCPA ha pasado por tres cambios sustanciales durante su historia. A pesar de 
ello, ha logrado la sostenibilidad mediante la incorporación de estrategias 
adaptativas como ser el incremento en la selectividad de percebe de mayor 
calidad y la diversificación pesquera. La adaptación promueve la resiliencia en el 
sistema, lo cual es indispensable en un ambiente de constante cambio.  

8. La gestión del percebe en Asturias ha sido un proceso continuo, sistemático y 
adaptativo. La pesquería del percebe continuará evolucionando, es por esto que 
las políticas de gestión deben de continuar siendo monitoreadas y modificadas 
como hasta el momento, para garantizar que se está avanzado en la dirección 
correcta. 
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“Though the road’s been rocky, it sure feels good to me” 

- Bob Marley 


