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ABSTRACT
Artificial reefs (AR) may be ignored by many people, probably because they are usually
unseen structures. Even so, there are users that believe in the value of these structures even
without observing them, as is the case of most fishermen and anglers. Divers usually believe
in AR and are the ones effectively able to notice them. Based on the previous simple premises,
the aim of this paper is to ascertain the perception coastal community people and tourists
have on the risks and benefits derived from the presence of AR nearby. AR were deployed off
the Algarve from 1990 to 2003. The methodological approach for sampling purposes used
a search engine with key-terms following a simple 3-step protocol: identification, screening,
and eligibility. The eligible documents were analysed using qualitative data analysis
software. Most documents found were from AR promoters named as “institutional” and
communication “media” reporting mostly AR by the supply side. Sources from companies
named as “firms” and discussion “fora” were mostly on the demand side. The contents of
the samples were assigned onto two different categories: risk and safety. These derived into
the relevant criteria where alternatives were judged to achieve the goal stated in the analytic
hierarchy process (AHP). AHP sensitivity analyses were carried out and the best choices
were calculated.
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1. INTRODUCTION
Artificial reefs (AR) are placed on the seabed and are not visible to most people (Baine,
2001). Only a few people are aware of the existence of AR. These people are usually divers
who, for reasons of tourism, leisure, or research, dive into the depths at which the AR are
deployed, if these are not very deep, that is, up to a depth of approx. 30 meters (Stolk et
al., 2005). For this reason, AR are known as structures perceived from the point of view of
the Petrarch principle, that is, people believe in something that cannot be seen (Pitcher &
Seaman, 2000).
The divers believe in the existence of the AR, because they dive in the deployment sites
and can verify the real existence when seeing and touching the structures. However, fishermen
generally do not dive, nor do they go to the bottom to see if the AR are there or not. But
fishermen can be aware of AR even if they have not experienced these structures previously
(Sreekanth et al., 2019). At first, fishermen can be incredulous or can have doubts about the
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efficiency of AR, if they have no experience with these structures. However, fishermen start
to believe in the benefits derived from the existence of the AR, when they make comparisons
regarding the catches of fish before and after the deployment. If they catch more fish after
deployment of the AR, they believe in the structures as having a positive impact on their
activities (Ramos et al., 2019).
All other people who are neither divers nor fishermen, only perceive the impacts of reef
deployment if they have solid evidence about it, or if it is transmitted to them by users
(Klain et al., 2018). However, there are exceptions; for instance, in AR placed near the coast,
people may perceive the AR as providing some coastal protection due to the dissipation of
wave energy (Mangi, 2013).
Although the Algarve is the region of Portugal with the highest number of reef structures
in place, it is not very easy to gather data on their social impact, namely in terms of the
perceptions of local populations. From direct observations there are no signs of change that
can be immediately attributed to the AR. From the data collected in the media - whether in
print or online - the signs of positive or negative changes perceived by people and which are
directly attributable to reef deployment are generally not obvious (Ramos, 2007).
Most people who live in coastal locations where AR were deployed know of their existence,
but do not use them. On the other hand, most tourists who visit these coastal locations with
AR in their vicinity, generally use them only if there are firms providing services - either
diving or sport fishing - in the areas where the AR were deployed (Jensen, 2002).
The aim of this study was to identify the risk and safety perceived by residents and
tourists who have used or know about the presence of AR along the Algarve coast. For this
purpose, a search engine was used to search non-scientific literature, using the terms “artificial
reefs” and “Algarve”. The selected texts were recorded on computer support. Subsequently,
a software was used to make the qualitative analysis of the data. Finally, the perception of
residents and tourists was ascertained using the hierarchical analytical process (AHP).

2. LITERATURE REVIEW
2.1 Risks Associated to AR
In the past, there have been some risks arising from reef deployment and some mistakes
have already been made (Pears & Williams, 2005). The literature reports that the risks
associated with reef deployment are essentially related to specific factors (Collins et al.,
2002), including: the degradation of structures over time, either by natural phenomena or
by human origin (Pickering et al., 1999); contamination risks when, for instance, sunken
boats are used (they must be cleaned from oils and fuels before sinking) (Johnston et al.,
2003); the stability of the structures themselves, i.e., if they are not well placed at the
bottom (Barber et al., 2009); or in the usage of scrap tires, a use that proved disastrous in
many of these situations, causing risks for some coastal areas (Becker et al., 2018). There
is also the case of congestion externalities by fishermen, i.e., if the initial reef intention was
fishing, leading to specific overfishing phenomena (Whitmarsh & Pickering, 2000). In the
past, it was also thought that AR were a good solution for materials that were wasteful,
namely civil construction, or even toxic material that could be incorporated into concrete
structures (Stone, 1985).
However, it has been verified that the choice and use of suitable materials to make AR
can generate promising results (Relini & Relini, 1989; Falace & Bressan, 2002). Certain
structures on fossil fuel exploration platforms have also been used (Guerin et al., 2007).
Structures of concrete blocks, or similar materials, vessels, other obsolete transports, or
other types of vehicles have been used to make AR (Fowler & Booth, 2012). If properly
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prepared after removing oils and fuels, they can be safe choices, either to be enjoyed (e.g.,
for diving), or because they do not pose risks to coastal populations (e.g., because they do
not disintegrate or release toxic waste) (MacDonald et al., 1999). In addition, the materials
and design used in AR can be risk mitigators, particularly in carbon sequestration (Callaway
et al., 2017).
2.2 Safety from AR Deployment
In general, AR provide ecosystem services and they can be an asset for the improvement
of habitats (Jacob et al., 2016). Thus, there are many benefits to reef deployment. In this
sense, nearby coastal communities and tourists can take advantage of these services directly
or indirectly (Ramos et al., 2021). Among the most important ecosystem services that AR
can provide are improving fisheries (i.e., benefiting fishermen) (Methratta, 2020), providing
shelter and food to colonizing organisms and habitats in the additional surfaces (Smith et
al., 2017), conferring some protection to coastal areas (Jackson et al., 2007), promoting
biodiversity (Tessier et al., 2015), and allowing recreational use (e.g., diving or sport fishing)
(Stolk et al., 2007; Keller et al., 2017).
2.3 AR in the Algarve
The AR in the Algarve are infrastructures that were implemented between 1989 and 2003
(Santos & Monteiro, 2007). In 1989-1990, only two pilot reefs were deployed (Santos
et al., 1995). Then, after positive scientific evidence on biological colonization and other
ecological benefits, the reef program was carried out in a broader way (Monteiro & Santos,
2000). From 1998 to 2003, larger AR systems were implemented in other parts of the
Algarve coast (Cacela, Tavira, extension of AR Faro-Ancão, Vilamoura, Oura and Alvor; see
Methods).
2.4 Impacts derived from AR Deployment in the Algarve
From its completion in 2003, it was important to understand how AR were perceived by
the different stakeholders, regarding the deployment of the structures (Ramos et al., 2011).
A study carried out in 2002-2003 revealed that there were some negative impacts of AR
perceived by several stakeholders (Ramos et al., 2007). It was noticed that there could be
silting up of some reef modules due to bottom currents, and there could also be some AR
modules entangled with fishing gears (Falcão et al., 2007). This was seen essentially in AR
with less monitoring, as in the case of the AR in Cacela, through eyewitnesses’ testimonies
(pers. comm. Mike Beauchamp, 2008). Another potentially negative impact was the
agglomeration of vessels, leading to a high fishing effort at certain times of the year, as was
verified by another study in the AR in Oura and Vilamoura (Ramos & Santos, 2015).
In terms of security, it was found that most AR allow professional fishermen and even
anglers be more certain about fishing spots, because in reef areas they are generally more
likely to catch fish (Whitmarsh et al., 2008). Likewise, AR allow dive operators to diversify
their locations to offer to customers (Ramos et al., 2006).

3. METHODS
3.1 Approach
For this study, we used a content analysis of documents found on the internet. This is a nonintrusive method and was used to carry out the data collection. The qualitative document
analysis (QDA) was done with specific software tools (Altheide et al., 2008; Drisko, 2013).
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The advantages of this methodology are: 1) to observe without being observed; 2) the
data is immediately accessible/available on the internet for everyone; 3) reanalysis and
replicates are easy to carry out; and 4) it is a low-cost method of obtaining information, which
would otherwise have high costs, particularly if carried out with interviews or questionnaires
through institutional arrangements for focus groups or group interviews.
The disadvantages of this methodology are: 1) the number of documents available is
limited, and some of them are only partial, such as news pieces from newspapers; 2) the
documents were written many times for purposes other than this study; 3) some distortions
or other biases that may occur; and 4) the causal relationships are difficult to assess, such as
whether there is any influence on the search for AR due to the influence of pre-disseminated
information (Ramos et al., 2008).
3.2 Research Context
The purpose of AR can vary considerably and is highly dependent on geographical location.
In the case of AR in the Algarve, with two different types of concrete modules, they had
several objectives, namely, to provide fishing and protection for the smallest species that left
the nursery areas of the Ria Formosa and Ria de Alvor (Santos & Monteiro, 1998). In the
case of AR made with sunken ships, the objective was more related to the issue of recreative
and diving tourism, and to allow biodiversity (Ramos et al., 2019). The deployment of AR
implies some risks and security (i.e., benefits after maturation) that can be perceived by the
stakeholders, whether they are the institutions that carry out the sinking of the structures,
or their expected users, generally fishing and recreational activities (i.e., diving and angling),
or in terms of education (MacDonald, 1994; Becker, 2018).
3.3 Research Questions
In the specific case of this study, it was intended to know what the perception of individuals
from local communities and tourists is regarding the AR deployed off the coast. In this way,
it was evaluated the social importance that the AR have had up to now, about risk and
security. The main research questions were: “How have AR been perceived by stakeholders?”
and “What is the relative importance attached to structures by the stakeholders, according
to the different terms used in the discourse of the documents consulted?”. For this purpose,
we searched documents on the internet that could be used as indicators of human use or
non-use about AR deployed in the Algarve region.
3.4 Sampling Strategy
A 3-step protocol was used to search for relevant literature (Figure 1).
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Figure 1. Literature Search with a Three-step Protocol

Source: Adapted from Lima et al. (2019)

Firstly, the “Algarve areas” refer to the places off the Algarve coast where AR were
deployed. These AR were allocated into three geographic areas: West, Central and East
(Figure 2a). Second, we considered two “AR types”, although there are several types of AR
(Thierry, 1988; Komyakova et al., 2019): the concrete AR with 2 different shapes deployed
by the Portuguese Institute for Sea Research (then IPIMAR, now IPMA) in the period from
1990 to 2003 (Figure 2b, c, d); and sunken structures - essentially ex-vessels - sunk not only
by the IPMA, but also by other entities. For example, in 2013, four ships were sunk off
Portimão (Figure 2e).
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Figure 2. a) Pictorial location of the AR deployed in the West, Central and East areas off the Algarve.
The cubes represent the modular AR sites, and the silhouette ships represent the sunken vessels.
b) Generalized layout of the reef arrangement with two types of modules. c) Cubic modules. d)
Octagonal modules. e) Sunken ship.

Sources: a) Own Elaboration, b) and c) IPIMAR (now IPMA), d) Mota Engil website: www.mota-engil.com, and e) image for
non-commercial use from website: www.clipart-library. com

Third, the Google™ search engine was used with four different keyword combinations.
The most appropriate keywords were selected: “artificial reefs” and “Algarve”. Then the work
consisted of identifying all types of content derived from the chosen keywords. The contents
found varied and included texts, figures, films, sounds, or in most cases a combination
of several. However, they are all encoded as documents. From the total universe found, a
sample provided by the search engine itself was selected (by default/omission of the others).
Afterwards, all contents were checked for eligibility. Eligible documents were analysed
using qualitative document analysis (QDA) software. The documents were analysed
according to the type of market, the source of information, and the topic. The documents
were considered ineligible if: 1) the location of the AR was outside the Algarve, 2) the content
was scientific, 3) there was repetition of content, 4) it was an advertisement unrelated to
the AR.
3.5 Analysis with NVivo™
To carry out the qualitative data analysis, a recent version of the NVivo™ software (Release
1.0) was used. This software is used to analyse qualitative data, namely in the coding of text
data, annotations, and to survey, record, and review coded data and documents (Bandara,
2006; Edhlund & McDougall, 2019). This program also allows to manage documents
combining them numerically and categorically through the information that already exists.
NVivo™ also allows, through a wide range of exploratory tools, to identify coding patterns
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and relationships between assigned codes and other numerical and categorical properties
(Bazeley & Jackson, 2013).
3.6 Recording Unit
In the context of this content analysis, the focus was on finding a set of text documents
- namely with the frequency of occurrence of the relevant terms - in relation to the social
dimension of AR in risk and safety contexts that these structures can be perceived by people,
in particular residents and tourists. Basically, the registration unit consists of the number
of times that concepts - the codes - appear and the selection of texts has been counted. By
comparing the number of times and the distribution of concepts, some sensitivity is gained
about the modes of discourse that different types of information sources give to the object
under analysis, namely in this case study: the artificial reefs deployed off the Algarve coast.
The size of the text varied from sample to sample, as did the size of each recording unit.
The validation of the registration consisted of, 1) part or all the selected sentences, and 2)
complete paragraphs of the documents that corresponded to the different codes chosen a
priori. To do this, it was necessary to examine the context where the registration unit was
found, to match the corresponding code.
3.7 Categories for Analysis
One of the categories for analysis was to verify if the “AR market” that the document showed
was on the supply or demand side. Another category had to do with the origin of the
sources of information, where they were divided into four subcategories: institutional (i.e.,
the AR promoters), media (i.e., means of communication), firms (i.e., private companies),
and discussion fora. In addition to the sources of information, it was also decided that
each document could cover (or had a focus on) one of four topics, related to the objective
for which AR were implemented: fishing, diving, education and/or museology, or another
subject (and/or a combination of the above).
With this information in mind, the analytic hierarchic process technique was used to
make a comparative categorical analysis, to understand in each source of information, i.e.,
institutional, media, firms, and fora, what was the intensity of each one these factors both
in terms of risk and safety.
3.8 Analytic Hierarchic Process Analysis
Analytic hierarchic process (AHP) analysis is widely used in decision-making processes
(Saaty, 2008). AHP is used with a wide variety of subjects, including those related to coastal
zones (Teixeira et al., 2018; Sekovski et al., 2020) and AR (e.g., Tseng et al., 2001; Ramos
et al., 2006).
Briefly, the AHP technique consists of a decision tree, where the goal is at the top, in
the second row are the criteria and sub-criteria, and in the last row are the alternatives in
the decision process (Leung et al., 1998). The analysis consists of an exhaustive process
of pairwise comparisons made on a 9-point scale. For the purposes of decision, there must
be consistency in the application of the method. Thus, the inconsistency rate must be low
(less than 10%), and the eigenvalue must be close to the number of criteria in comparison
(Alonso & Lamata, 2006).
In this study, we assume that the objective of the AR deployed off the Algarve coast
was derived not only from the IPMA reef program (1989-2003) essentially using concrete
modules, but also accidental sunken (barge off Cacela) or on purpose ex-vessels (trawler
off Faro, and former navy ships off Portimão). The entities promoting the AR had in mind
one objective aimed at people and another at species biodiversity. In other words, that
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the concrete modules would be more focussed towards improving fisheries and the sunken
ships directed to tourist and leisure diving; and both reef typologies to increase biodiversity
(Santos & Monteiro, 2007).
Bearing in mind the objective of the promoting entities, the AHP’s goal for this study
was to find out if the AR referred above, raised any risk issues (i.e., degradation of structures
over time, contamination by materials or fuels not removed, instability in the positioning
of structures, overfishing and loss of gear, and toxicity due to the reaction of materials).
Likewise, it was aimed to find out if the AR deployed off the Algarve coast gave a perception
of security (i.e., improvement in the capture of fisheries, shelter and food for marine species,
protection of the coastline, increased biodiversity, additional opportunities in recreational
and leisure activities).

4. RESULTS
In March and April 2021, the search engine Google™ was used with the keywords “artificial
reefs” and “Algarve” and 7,310 documents were found. From this universe, a sample of 112
internet sites was selected, herein generically identified as documents regardless of their
content (i.e., text, photos, illustrations, films, or several combined). From the sample, only
54 documents were considered eligible for this study.
In all 4 topics covered (i.e., fishing, diving, educational, varied), supply has always
supplanted demand (Figure 3). Noteworthy are the contents related to diving, which formed
the overwhelming majority (18 supply, 13 demand), being more related to AR such as
sunken ships. On the supply side of AR for various purposes (12 documents), demand was
not matched (zero documents). Fishing had a small number of contents in demand, mainly
in the “fora” and on the part of sport fishing. At the educational level, the contents were
related to museology associated with the history of former ships and their use as AR.
Figure 3. Supply and Demand (Market) for AR Sunk in the Algarve

Source: Own Elaboration

Of the 54 documents eligible for the study, it was verified by content analysis that
most of them were located mainly on the supply side (38 documents). It was also found
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that of the 20 documents classified as coming from “institutional” sources (e.g., central
government, tourism region, city councils) all were on the supply side. In the case of the
17 “media” documents (newspapers, magazines, TV), although mostly focused on supply,
there was a small portion related to demand (Figure 4). On the demand side, the documents
came essentially from “firms”. The “fora” chatting about the AR essentially covered matters
related to fishing and diving.
Figure 4. Information Sources Related to AR Content in the Algarve

Source: Own Elaboration

In the documentary analysis it was found that the sources of “institutional” and “media”
information are those that were published in greater number (Figure 5). They have a very
similar relationship in terms of the safety criteria found in the text and differ slightly more in
terms of risks, as can be seen from the results of the AHP analysis. The documents from the
“institutional” and “media” sources are essentially part of the supply. In the geography of the
Algarve, more documents were found referring to AR in the West (most of them relatively
recent and referring to former Ocean Revival ships), followed by the Central area (most of
them over 10 years old and referring to the IPMA concrete modules reef program), and in a
much smaller quantity to the East. In the adequacy of the topic there was a better coverage
also in the part of the first two sources of the geographical areas West and Central Algarve.
The documents whose topics were related to diving, were essentially from the source
“firms”, originating mostly from diving companies and were generally better represented in
the West of the Algarve, followed by the Central zone. In terms of coverage of the topics, they
were all very similar, i.e., there were no relevant differences, and they may even be derived
from research from “institutional” or “media” sources, which were then only replicated on
the website of these firms. This was evident in the AHP analysis, where firms prefer to value
their own activity and prefer to have a lot of biodiversity to attract customers.
In the case of “fora” there was also a lot of similarity in risk criteria compared to those
of “firms”. In the analysis with AHP, the criteria related to safety stand out more than
those related to fishing, denoting that there were many spearfishing divers or even sport
fishermen. It should be noted that for the AHP analysis the literature highlights that there
are two indicators that are used for decision analysis. For example, for 5 criteria/alternatives
as in this study, it is important to have an eigenvalue of less than 6 (Costa & Vansnick,
2008). The inconsistency index - regardless of the number of criteria - must be less than 10%
(Kułakowski, 2015).
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The sensitivity analysis using AHP showed us that the hypothetical risks derived from
the implementation of AR constrains the provision of reef services (Figure 6). The best
choice derived from the security provided by the AR deployed in the Algarve is most often
the alternative “shelter and food” (13 out of 15) and rarely the “improvement of fisheries”
(2 out of 15). All other ecosystem services do not develop. This was expected for coastal
protection since most of the AR structures off the Algarve were not deployed with this
function in mind.
Figure 5. Documentary analysis of the sample selected on Google™ regarding AR deployed in the
Algarve

Note: the perceptions were analysed qualitatively with the aid of the NVivo™ software and the prioritization made through
an application using the AHP. With NVivo™: The contents were essentially textual or combined with an image; the sources
of information were allocated into four groups “Institutional”, “Media”, Firms “and” Fora”; established the proportion of the
market for each type of source (supply and demand). With AHP: Priority was given, according to each source, for both the risk
and safety criteria arising from the implementation of AR in the Algarve; the proportion of safety-risk was that obtained by
analysing the literature. W, C and E refer to geographical locations (Algarve: West, Central or East) and were relative to each
other both in the number of documents found (xx axis) and in the addressing to the topic RA (yy axis).
Source: Own Elaboration
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Figure 6. Sensitivity Analysis Carried Out in the Decision Mentor Application Version 5.1.0 (MultiCriteria Decision Making - MCDM - Based on an AHP Algorithm) (DM, no date)

Source: Own Elaboration

5. DISCUSSION
This study consisted in the identification of online documents related to AR in the Algarve
and the perception by stakeholders about the risk and safety derived from the structures.
The range of stakeholders identified was not very extensive, but it was possible to perceive
AR in terms of supply and demand, depending on the different types of eligible documents
analysed.
The AHP allowed to verify that there was some dependence on the activities in relation
to the primary objective of the AR. In other words, the institutions that gave prevalence with
an objective more directed to fishermen, gave more value to the improvement of fisheries;
while the entities that have sunk, for example ships, will give more value to diving activities
and eventually environmental education.
The perceptions of risk or security inherent in AR depend on many factors. For example,
with the AR there is greater vulnerability or, on the contrary, greater protection, for example,
in the event of storms. Kaiser & Kasprzak (2008) describe the case where oil and gas
structures destroyed by hurricanes were transformed into AR.
In the case of positive perceptions, it is important to understand if the existence of
AR contributes to the development of more profitable economic activities. The perceptions
of greater security derived from AR should be interpreted as the benefits inherent in the
maturation of the structures. For example, there are undeniable benefits if, after the AR be
mature, professional fishing can provide more/better fish, or if the dive operators increase
the offer of places to visit for tourism or leisure purposes (Milon et al., 2000). At the security
level, AR are associated with ecosystem services. Here it is important to know that AR allows
the development of services for direct extractive use, such as in the case of fishing (e.g.,
catching fish or invertebrates) (de Oliveira Leis et al., 2019), for direct non-extractive use
as in the case diving (e.g., visit of habitats with living resources) (Oliveira et al., 2015), of
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indirect use (e.g., as in the case of coastal protection, through the attenuation and diversion
of the impact force of the waves) (Ghiasian et al., 2021), or use or non-use options (e.g.,
preservation of biodiversity for future generations).
The “institutions” in a generalized way make known the AR projects or programs. In
essence, the documents found reported since the late 1980s, referring to the first AR modules.
In this source, the most recent documents reported essentially former military ships that,
because they are obsolete, were sunk with the purpose of providing environmental services,
namely by promoting biodiversity and allowing recreational diving in an essentially tourist
aspect. The topics covered were always diverse (fishing, diving, educational and combined),
with a little less predominance in the Eastern part of the Algarve, but always on the supply
side.
In their turn, the “media” generally report what the “institutions” say through press
releases in an informative way. Coverage was mostly given to the Western and Central parts
of the Algarve. The “firms” found in this study were generally resident and essentially linked
to diving. Hence, diving as the main activity prevails. Other issues such as biodiversity
were very important, as they allow more diving activities to be developed for their clientele
(residents, national and foreign tourists). The risks that “firms” posed the most were in
the issue of “overfishing”, often related to lost fishing gear that, if not cleaned, can damage
AR biodiversity. Hence, divers were also predisposed to clean up the AR, namely remove
fishing gear. There was a greater reciprocity of the “firms” essentially on the demand side.
The “fora” in turn reflect a little on both sides, both residents and tourists. It should also
be noted that scuba - associated with tourism and leisure - was the diving most related to
spearfishing. The “fora” were also related to recreational fishing vessels that eventually went
to the AR areas with the concrete blocks. In the information sources consulted, risks arising
from AR in the Algarve were rarely identified. The risks were associated only with the five
criteria analysed with the AHP.

6. CONCLUSION
It was possible to find online documents regarding the AR deployed off the Algarve using
an internet search engine. Most of these documents referred to the supply side. Most of the
documents found came from “institutional” and “media” sources (i.e., derived from press
releases). On the demand side, the existing information was related to Portuguese-speaking
residents and tourists, namely in documents whose sources were “firms” or “fora”.
The methodology used allowed to systematize the study. The use of the NVivo™
software has made it possible to take a more comprehensive approach. The use of the AHP
methodology made it possible to list the risks and safety arising from the reef deployment
perceived by stakeholders. The sensitivity analysis showed that in the presence of possible
risks derived from AR deployment, practically only “shelter and food” for the species that
live there allow a positive impact.
From this study it can be corroborated that AR are structures that remain inaccessible to
most people (whether residents or tourists). Their social perception is often only based on
institutional dissemination or the media.

ACKNOWLEDGEMENTS
The author would like to thank two anonymous reviewers for the useful comments provided
in an earlier version of this manuscript. This paper is financed by National Funds provided
by FCT- Foundation for Science and Technology through project UIDB/04020/2020.
200

Ramos, J. (2021). JSOD, IX(3), 189-204

REFERENCES
Alonso, J. A. & Lamata, M. T. (2006). Consistency in the analytic hierarchy process: a
new approach. International Journal of Uncertainty, Fuzziness and Knowledge-Based Systems,
14(04), 445-459.
Altheide, D., Coyle, M., DeVriese, K., & Schneider, C. (2008). Emergent qualitative
document analysis. Handbook of Emergent Methods, 127-151.
Baine, M. (2001). Artificial reefs: a review of their design, application, management and
performance. Ocean & Coastal Management, 44(3-4), 241-259.
Bandara, W. (2006). Using NVivo as a research management tool: A case narrative. In
Proceedings of the 3rd International Conference on Qualitative Research in IT and IT in Qualitative
Research (pp. 6-19). Institute for Integrated and Intelligent Systems.
Barber, J. S., Chosid, D. M., Glenn, R. P., & Whitmore, K. A. (2009). A systematic model for
artificial reef site selection. New Zealand Journal of Marine and Freshwater Research, 43(1),
283-297.
Bazeley, P. & Jackson, K. (Eds.). (2013). Qualitative data analysis with NVivo.
Becker, A., Taylor, M. D., Folpp, H., & Lowry, M. B. (2018). Managing the development of
artificial reef systems: The need for quantitative goals. Fish and Fisheries, 19(4), 740-752.
Callaway, R., Bertelli, C., Unsworth, R., Lock, G., Carter, T., Friis-Madsen, E., ... & Neumann,
F. (2017). Wave and tidal range energy devices offer environmental opportunities as
artificial reefs. In Proceedings of the 12th European wave and tidal energy conference, Cork,
Ireland.
Collins, K. J., Jensen, A. C., Mallinson, J. J., Roenelle, V., & Smith, I. P. (2002). Environmental
impact assessment of a scrap tyre artificial reef. ICES Journal of Marine Science, 59(suppl),
S243-S249.
Costa, C. A. B., & Vansnick, J. C. (2008). A critical analysis of the eigenvalue method used
to derive priorities in AHP. European Journal of Operational Research, 187(3), 1422-1428.
Craveiro, J. L., Antunes, O., Freire, P., Oliveira, F., Almeida, I. D., & Sancho, F. (2012).
Comunidades urbanas na orla costeira: a metodologia multicritério AHP (Analytic
Hierarchy Process) para a construção de um índice de vulnerabilidade social face à ação
marítima. Atas do 2º Cong. Ibero Americano de Responsabilidade Social, ISEG, Lisboa, 25. [In
Portuguese]
de Oliveira Leis, M., Devillers, R., Medeiros, R. P., & Chuenpagdee, R. (2019). Mapping
fishers’ perceptions of marine conservation in Brazil: An exploratory approach. Ocean &
Coastal Management, 167, 32-41.
DM (no date). Decision Mentor app. Available online at: https://apks.live/downloadapp-decisionmentor-for-pc-windows-and-mac/com.decisionmentor.app.html - Assessed
10.05.2021
Drisko, J. W. (2013). Qualitative data analysis software. Qualitative Research in Social Work,
284.
Edhlund, B., & McDougall, A. (2019). NVivo 12 Essentials. Lulu.com.
Falace, A., & Bressan, G. (2002). Evaluation of the influence of inclination of substrate
panels on seasonal changes in a macrophytobenthic community. ICES Journal of Marine
Science, 59(suppl), S116-S121.
Falcão, M., Santos, M. N., Vicente, M., & Monteiro, C. C. (2007). Biogeochemical processes
and nutrient cycling within an artificial reef off Southern Portugal. Marine Environmental
Research, 63(5), 429-444.
201

Journal of Spatial and Organizational Dynamics, Vol. IX, Issue 3, (2021) 189-204

Fowler, A. M., & Booth, D. J. (2012). How well do sunken vessels approximate fish
assemblages on coral reefs? Conservation implications of vessel-reef deployments. Marine
Biology, 159(12), 2787-2796.
Ghiasian, M., Carrick, J., Rhode-Barbarigos, L., Haus, B., Baker, A. C., & Lirman, D. (2021).
Dissipation of wave energy by a hybrid artificial reef in a wave simulator: implications for
coastal resilience and shoreline protection. Limnology and Oceanography: Methods, 19(1),
1-7.
Guerin, A. J., Jensen, A. C., & Jones, D. (2007, June). Artificial reef properties of North Sea
oil and gas production platforms. In Oceans 2007-Europe (pp. 1-6). IEEE.
Jackson, L. A., Corbett, B. B., McGrath, J. E., Tomlinson, R. B., & Stuart, G. (2007).
Narrowneck Reef: review of seven years of monitoring. Shore and Beach, 75(4), 67-79.
Jacob, C., Vaissiere, A. C., Bas, A., & Calvet, C. (2016). Investigating the inclusion of
ecosystem services in biodiversity offsetting. Ecosystem Services, 21, 92-102.
Jensen, A. (2002). Artificial reefs of Europe: perspective and future. ICES Journal of Marine
Science, 59(suppl), S3-S13.
Johnston, R. K., Halkola, H., George, R., In, C., Gauthier, R., Wild, W., ... & Martore,
R. (2003, September). Assessing the ecological risk of creating artificial reefs from exwarships. In Oceans 2003. Celebrating the Past... Teaming Toward the Future (IEEE Cat. No.
03CH37492) (Vol. 2, pp. 804-811). IEEE.
Kaiser, M. J., & Kasprzak, R. A. (2008). The impact of the 2005 hurricane season on the
Louisiana Artificial Reef Program. Marine Policy, 32(6), 956-967.
Keller, K., Steffe, A. S., Lowry, M. B., Murphy, J. J., Smith, J. A., & Suthers, I. M. (2017).
Estimating the recreational harvest of fish from a nearshore designed artificial reef using
a pragmatic approach. Fisheries Research, 187, 158-167.
Klain, S. C., Satterfield, T., Sinner, J., Ellis, J. I., & Chan, K. M. (2018). Bird killer, industrial
intruder or clean energy? Perceiving risks to ecosystem services due to an offshore wind
farm. Ecological Economics, 143, 111-129.
Komyakova, V., Chamberlain, D., Jones, G. P., & Swearer, S. E. (2019). Assessing the
performance of artificial reefs as substitute habitat for temperate reef fishes: Implications
for reef design and placement. Science of the Total Environment, 668, 139-152.
Kułakowski, K. (2015). Notes on order preservation and consistency in AHP. European
Journal of Operational Research, 245(1), 333-337.
Leung, P., Muraoka, J., Nakamoto, S. T., & Pooley, S. (1998). Evaluating fisheries management
options in Hawaii using analytic hierarchy process (AHP). Fisheries Research, 36(2-3),
171-183.
Lima, J. S., Zalmon, I. R., & Love, M. (2019). Overview and trends of ecological and
socioeconomic research on artificial reefs. Marine Environmental Research, 145, 81-96.
MacDonald, C. D., Mitsuyasu, C. A., & Corbin, E. (1999, September). A planned underwater
dive attractions program for Hawaii. In Oceans’ 99. MTS/IEEE. Riding the Crest into the 21st
Century. Conference and Exhibition. Conference Proceedings (IEEE Cat. No. 99CH37008) (Vol.
1, pp. 180-188). IEEE.
MacDonald, J. M. (1994). Artificial reef debate: Habitat enhancement or waste disposal?
Ocean Development & International Law, 25(1), 87-118.
Mangi, S. C. (2013). The impact of offshore wind farms on marine ecosystems: a review
taking an ecosystem services perspective. Proceedings of the IEEE, 101(4), 999-1009.

202

Ramos, J. (2021). JSOD, IX(3), 189-204

Methratta, E. T., Hawkins, A., Hooker, B. R., Lipsky, A., & Hare, J. A. (2020). Offshore
Wind Development in the Northeast US Shelf Large Marine Ecosystem. Oceanography,
33(4), 16-27.
Milon, J. W., Holland, S. M., & Whitmarsh, D. J. (2000). Social and economic evaluation
methods. In Seaman, W. Jr. (Ed.), Artificial Reef Evaluation with Application to Natural
Marine Habitats (pp. 165-194). CRC press LLC, Boca Raton, Florida.
Monteiro, C. C., & Santos, M. N. (2000). Portuguese artificial reefs. In Artificial Reefs in
European Seas (pp. 249-261). Springer, Dordrecht.
Oliveira, M. T., Ramos, J., & Santos, M. N. (2015). An approach to the economic value
of diving sites: artificial versus natural reefs off Sal Island, Cape Verde. Journal of Applied
Ichthyology, 31, 86-95.
Pears, R. J. & Williams, D. M. (2005). Potential effects of artificial reefs on the Great Barrier Reef:
background paper. Townsville, Australia: CRC Reef Research Centre.
Pickering, H., Whitmarsh, D., & Jensen, A. (1999). Artificial reefs as a tool to aid
rehabilitation of coastal ecosystems: investigating the potential. Marine Pollution Bulletin,
37(8-12), 505-514.
Pitcher, T. J. & Seaman Jr., W. (2000). Petrarch’s Principle: how protected human-made reefs
can help the reconstruction of fisheries and marine ecosystems. Fish and Fisheries, 1(1),
73-81.
Ramos, J. H. P. (2007). Socio-economic implications of artificial reef deployment: a Portuguese case
study (Doctoral dissertation, University of Portsmouth).
Ramos, J. & Santos, M. N. (2015). Facilitating fishing decisions in an artificial reef area
off southern Portugal: a case study using generalized additive models. Journal of Applied
Ichthyology, 31, 24-34.
Ramos, J., Lino, P. G., Himes-Cornell, A., & Santos, M. N. (2019). Local fishermen’s
perceptions of the usefulness of artificial reef ecosystem services in Portugal. PeerJ, 6,
e6206.
Ramos, J., Santos, M. N., Whitmarsh, D., & Monteiro, C. C. (2006). The usefulness of the
analytic hierarchy process for understanding reef diving choices: a case study. Bulletin of
Marine Science, 78(1), 213-219.
Ramos, J., Santos, M. N., Whitmarsh, D., & Monteiro, C. C. (2007). Stakeholder perceptions
regarding the environmental and socio-economic impacts of the Algarve artificial reefs.
In Biodiversity in Enclosed Seas and Artificial Marine Habitats (pp. 181-191). Springer,
Dordrecht.
Ramos, J., Santos, M. N., Whitmarsh, D., & Monteiro, C. C. (2008). A socio-economic
toolbox of artificial reef projects.
Ramos, J., Santos, M. N., Whitmarsh, D., & Monteiro, C. C. (2011). Stakeholder analysis in
the Portuguese artificial reef context: winners and losers. Brazilian Journal of Oceanography,
59(SPE1), 133-143.
Ramos, J., Tuaty-Guerra, M., Almeida, M., Raposo, A. C., Gaudêncio M. J., Silva, A. D.,
Rodrigues, N., Leandro, S. M., & Caetano, M. (2021). An artificial reef at the edge of the
deep: An interdisciplinary case study. Ocean & Coastal Management, 210, 105729.
Relini, G. & Relini, L. O. (1989). Artificial reefs in the Ligurian Sea (northwestern
Mediterranean): aims and results. Bulletin of Marine Science, 44(2), 743-751.
Saaty, T. L. (2008). Decision making with the analytic hierarchy process. International Journal
of Services Sciences, 1(1), 83-98.
203

Journal of Spatial and Organizational Dynamics, Vol. IX, Issue 3, (2021) 189-204

Santos, M. N. & Monteiro, C. C. (1998). Comparison of the catch and fishing yield from an
artificial reef system and neighbouring areas off Faro (Algarve, south Portugal). Fisheries
Research, 39(1), 55-65.
Santos, M. N. & Monteiro, C. C. (2007). A fourteen-year overview of the fish assemblages
and yield of the two oldest Algarve artificial reefs (southern Portugal). In Biodiversity in
Enclosed Seas and Artificial Marine Habitats (pp. 225-231). Springer, Dordrecht.
Santos, M. N., Monteiro, C. C., & Lasserre, G. (1995). A four-year overview of the fish
assemblages and yield on two artificial reef systems off Algarve (south Portugal). In
Proceedings of the 30th European Marine Biological Symposium, Southampton, UK (pp. 345352).
Sekovski, I., Del Río, L., & Armaroli, C. (2020). Development of a coastal vulnerability
index using analytical hierarchy process and application to Ravenna province (Italy).
Ocean & Coastal Management, 183, 104982.
Smith, J. A., Cornwell, W. K., Lowry, M. B., & Suthers, I. M. (2017). Modelling the
distribution of fish around an artificial reef. Marine and Freshwater Research, 68(10), 19551964.
Sreekanth, G. B., Lekshmi, N. M., & Singh, N. P. (2019). Can artificial reefs really enhance
the inshore fishery resources along Indian coast? a critical review. Proceedings of the National
Academy of Sciences, India Section B: Biological Sciences, 89(1), 13-25.
Stolk, P., Markwell, K., & Jenkins, J. (2005). Perceptions of artificial reefs as scuba diving
resources: a study of Australian recreational scuba divers. Annals of Leisure Research, 8(23), 153-166.
Stolk, P., Markwell, K., & Jenkins, J. M. (2007). Artificial reefs as recreational scuba diving
resources: a critical review of research. Journal of Sustainable Tourism, 15(4), 331-350.
Stone, R. B. (1985). National Artificial Reef Plan. Series NOAA technical memorandum
NMFS, 6.
Tessier, A., Francour, P., Charbonnel, E., Dalias, N., Bodilis, P., Seaman, W., & Lenfant, P.
(2015). Assessment of French artificial reefs: due to limitations of research, trends may
be misleading. Hydrobiologia, 753(1), 1-29.
Thierry, J. M. (1988). Artificial reefs in Japan—a general outline. Aquacultural Engineering,
7(5), 321-348.
Tseng, C. T., Chen, S. C., Huang, C. S., & Liu, C. C. (2001). GIS-assisted site selection for
artificial reefs. Fisheries Science, 67(6), 1015-1022.
Whitmarsh, D. & Pickering, H. (2000). Investing in artificial reefs. In Artificial Reefs in
European Seas (pp. 451-467). Springer, Dordrecht.
Whitmarsh, D., Santos, M. N., Ramos, J., & Monteiro, C. C. (2008). Marine habitat
modification through artificial reefs off the Algarve (southern Portugal): An economic
analysis of the fisheries and the prospects for management. Ocean & Coastal Management,
51(6), 463-468.

204

