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Introduction
Marine fisheries are significant contributors to food security, 
sustainable livelihoods, and are considered a source of wealth in 
many coastal communities [1]. However, many fisheries face the 
threat of overexploitation since the proportion of fish stocks that 
are within biologically sustainable levels decreased from 90% 
in 1974 to 65.8% in 2017 [2]. The threat of unsustainable fish 
stocks is exacerbated when implementation of policy measures 
in unsuccessful and lead to poor economic performance of the 
sector in many regions [3]. Hence sustainability may not only be 
defined as the catch levels that could be maintained (Maximum 
Sustainable Yield) i.e. the conservation paradigm of sustainable 
fisheries with focus on protecting the ecological system, but it 
also has to consider fisheries within the wider socio-econom-
ic-environmental context [4]. 

In a top-down and state led governance mechanism approach, the 
fishermen would often have low influence in the decision-making 
process which could lead to their marginalisation and resulting 
in ineffective policy interventions [5]. Therefore, command and 
control measures of governance enforced from above may also 
be ineffective to address the bio-ecological, economic and social 
concerns of fisheries [6]. As a common pool resource, fisheries 
could benefit from co-management to improve human equity 
and ecological sustainability since such approach is based on the 
assumptions that participation of all resources users in decision 
making may promote ecologically sustainable outcomes vs top 
down management approaches [7]. In order to achieve this, mea-
sures such as ecosystem-based management, which aims to be 
an integrated approach including the entire ecosystem, including 
humans has been developed, however amongst the challenges 
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Abstract
This paper presents a review on the participatory multi-criteria decision making (MCDM) methods applied in fisher-
ies management. Marine fisheries are an important part of the ecosystem which are under the threat of overexploita-
tion partly due to ineffective management measures. With a significant economic and social role in coastal com-
munities, fisheries are an important natural resource and contributor to food security, livelihoods and employment, 
export earnings, and economic growth. Fisheries have a complex multi-dimensional dynamic involving aspects 
related to the marine environment, social and cultural issues and a unique governance structure due their public 
resource nature. Hence the sustainable management of this resource requires methods that incorporate these aspects 
as well as the incorporation of multiple stakeholders such as fishermen, processors, NGOs, and policy makers which 
often have different (conflicting) preferences. This review shows how MCDM methods could be applied for different 
groups of stakeholders in the marine fishery sector and which set of criteria have been applied more commonly as 
well as highlighting the gaps that exist in the literature. Participatory MCDM techniques, especially value measure-
ment techniques such as AHP have experienced increased application in the period between 1998-2020 and have 
been applied globally in single species and multi-species fisheries management. 
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that this approach faces is the impact evaluation of human ac-
tivities on ecosystems as well as the trade-off between different 
social, economic and environmental objectives [8].

Herath and Prato show that using multi-criteria decision anal-
ysis methods (MCDM) in the management of natural resourc-
es can significantly improve the design and implementation of 
policies [9]. Fisheries as one of the most important natural and 
food resources are complex socio-biologic-ecological systems 
involving many stakeholders, which leads to the need for the 
co-production of knowledge for policy making allowing differ-
ent actors to work collaboratively [10]. Stakeholders, are defined 
as relevant organized group of individuals who could affect or 
maybe affected (or both) by a decision and MCDM provides a 
useful and effective framework for involving stakeholders in re-
source management decisions [11]. Fisheries management has 
increasingly turned to using participatory approaches to improve 
stakeholder satisfaction with management institutions and poli-
cies, reducing conflict, improving sustainability, increasing pro-
ductivity and enhancing compliance with regulation [12]. The 
main groups who actively take part in fisheries management are 
i) scientists, who provide advice on stock levels, ii) tactical de-
cision makers who make decisions based on additional consid-
erations such as economic objectives, and iii) stakeholders such 
as fishers, industry representatives and non-governmental organ-
isations providing support to the former groups [13]. Different 
interest groups push for several, often conflicting objectives for 
which MCDM approaches may be appropriate and expert judge-
ments and preference elicitation are ways to integrate the subjec-
tive opinion of different stakeholders to provide decision support 
in conservation management [14]. 

The main objective of this paper is to provide a systematic re-
view of application of MCDM methods in sustainable fisheries 
management focusing on the studies with stakeholder participa-
tion in commercial fisheries management, case study regions, 
the criteria, and the anticipated future trends. In particular, this 
review aims to answer the following questions:

•	 Which multi-criteria decision-making methods have been 
frequently used in the literature for stakeholders’ engage-
ment in decision making?

•	 What type of management measures have been analysed us-
ing participatory MCDMs and which criteria and case study 
regions have been included?

•	 What are the future trends in participatory MCDM applica-
tion for sustainable fishery management?

Other review studies which have assessed the application of 
multi-criteria decision-making methods for fisheries manage-
ment are studies by Mardle&Pascoe, Leung, Bjorndal et al, and 
Andalecio [15-19]. This review contributes to the current litera-
ture by providing a systematic literature survey of the studies in 
which MCDM methods have been applied to incorporate stake-
holders’ participation in the context of policy making in fisheries 
management covering studies up to year 2020. Fisheries have a 
complex multi-dimensional system involving aspects related to 
the marine environment, social and cultural issues and a unique 
governance structure due their common resource nature. Hence 
the sustainable management of this resource requires methods 
that incorporate these aspects as well as the incorporation of 
multiple stakeholders such as fishermen, processors, NGOs, 
and policy makers. Furthermore, since fisheries management 
is sometimes considered to place a higher weight on biological 
criteria, relative to economic and social objectives of different 
stakeholders, MCDM that focuses specifically on stakeholder at-
tributions of criteria (e.g. the expert opinions) could better help 
in addressing and balancing the multiple/conflicting manage-
ment objectives in achieving sustainable management. 

Procedure of the Review
Study Selection
The scope of this review is on scientific, peer-reviewed publica-
tions published between years 1998-2020. Studies in this section 
are identified by using Web of Science, Scopus and Science Di-
rect which are international indexed electronic databases. Figure 
1 shows the process of study selection.

Table 1: Shows the Search Strings used for Searching the Literature
Search engine Search strings

Web of Science 
Scopus 

Science Direct

“stakeholders * fisheries management”
“stakeholders * sustainable fisheries management”

“stakeholders’ engagement * sustainable fisheries management”
“Participatory MCDM* stakeholders * sustainable fisheries management”

“MCDM * stakeholders * fisheries management”
“MCDM * stakeholders * sustainable fisheries management”

“multi-criteria decision making(analysis) method * stakeholders * sustainable fisheries management”
Table 1:list of search strings



 

www.mkscienceset.comPage No: 03 J of Agri Earth & Environmental Sciences 2024

Figure 1: Literature Review Procedure

Categorisation of Multi-criteria Decision-Making Methods
Multi-Criteria Decision Making refers to methods for prioritisa-
tion and/ or making choices in the presence of a set of relevant 
criteria. MCDM enables the decision maker to assess various 
management options (i.e. alternatives) and compare them against 
a range of criteria. Different importance level (weights) may be 
applied to these criteria and the criteria are often arranged hier-
archically in clusters and sub-clusters [20, 21].

MCDM methods could be categorised into two main branches of 
i) Multi-Attribute Decision Making (MADM) and ii) Multi-Ob-
jective Decision Making (MODM) illustrated in Figure 2. 

The MADM method is appropriate when the decision maker 
aims to evaluate a number of predetermined alternatives (e.g. 
the decision maker may want to choose the most effective effort 
control policy). In these situations, the number of alternatives 
is usually limited and finite [22]. The MADM methods allow 
the decision maker to screen, prioritize and rank the criteria and 
select the most suitable alternative. MADM consists methods 
such as:
•	 Distance based methods: where the best solutions are 

located closest to the ideal solution and farthest from the 
non-ideal solution e.g. TOPISIS (Technique for order pref-
erence by similarity to ideal solution).

•	 Outranking methods: these methods are based on pairwise 
comparison of alternatives against each other, followed by 
a procedure which aggregates information in order to de-
termine the strength of evidence supporting one alternative 
over another, e.g. PROMOTHEE (preference ranking orga-
nization method for enrichment evaluations) alternatives and 
ELECTRE (elimination and choice translating reality) [23]. 

•	 Value or utility Function methods: in this method each de-
cision alternative is assigned a numerical score that is used 
to compare the alternatives and the score of an alternative is 

equal to the weighted sum of its evaluation rating e.g. MAUT, 
MAVT, SAW (Multi-attribute utility theory, Multi-attribute 
value theory, Simple additive weighting) [24]. 

•	 Pairwise comparison methods: in these methods the prob-
lem is formed into a hierarchy with the goal at the top level, 
followed by sub-criteria in the lower levels. The decision 
maker then provides a comparison between each pair of cri-
teria to find the weight (importance) of each criterion and 
the alternative that has the highest score is selected as the 
most suitable choice. Methods such as Analytical Network 
Process (ANP), and Analytical Hierarchy Process (AHP) 
belong to this category.

On the other hand, the MODM methods are mostly used when 
the decision problem is a continuous variable and therefore the 
alternatives are not predetermined. In these cases, the objective 
function(s) is optimised while satisfying a set of constraints. 
MODM methods are classified into mathematical programming 
models (e.g. Linear Programming, Mixed Integer Linear Pro-
gramming, Goal Programming, etc.) and heuristic algorithms 
(Genetic Algorithm, Simulated Annealing, etc.).

In the aforementioned approaches, if the decision maker aims to 
resolve uncertainties or ambiguities related to criteria, they can 
apply the fuzzy technique. Fuzzy set theory, initially proposed by 
Zadeh is applied to objectively address the ambiguities in judge-
ment and resolve the uncertainties in an MCDM problem [25, 26].

MCDM approaches also range from analyst-led (non-participa-
tory) methods to those involving multi-actors within the discus-
sion (participatory MCDA). If the analysis is carried out via the 
analyst(s), a technocratic approach is adopted and the judgments 
are provided by the analyst(s) and sensitivity analysis can be 
performed to provide several scenarios showing how changes in 
the criteria could yield different outcomes. 
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However, in participatory methods different actors/stakeholders 
are involved at selected stages of process (e.g. validating the 
criteria, weighting the criteria) and adopt a collaborative ap-
proach to the decision problem [27]. In these multi-stakeholder 
approaches, the diversity of interests and positions in the target 
system are considered and reflected in the criteria development 
to increase the likelihood of implementation and acceptance 
of the suggested measures [28]. In the MCDM literature, par-
ticipation often refers to involving different stakeholders in a 
community (e.g. fisheries) within the process of developing the 
decision-making model. Hence participatory and multi-criteria 
decision-making methodologies has gained popularity in agri-
culture, including fisheries due to their effectiveness in inform-
ing community decision making. Therefore, to reduce conflicts 

and increase transparency in decision making process, participa-
tion of stakeholders and coastal resource users is critical in en-
hancing scientific information, to develop acceptable solutions 
[28]. Different preference elicitation methods including AHP 
and discrete choice experiments are available for stakeholders’ 
preference elicitation. Firstly, the use of a value measurement 
model reduces the risk of dominant participants influencing de-
liberations. secondly, the consistency of recommendations is 
improved through the use of criteria scores and weights. Finally, 
the results are easily communicated with the public enhancing 
transparency of recommendation. However, these methods may 
pose the risk that certain stakeholders dominate deliberations 
particularly in the context of unbalanced power relationship [29, 
30]. 

Figure 2: MCDM Classification and Examples of Each Method [31]

Decision Making Process
The main steps in MCDM are 1) defining the decision problems 
1) identifying relevant stakeholders 3) defining the criteria 4) 
weight assignment 5) defining alternatives 6) ranking alterna-
tives 7) sensitivity analysis [32]. Furthermore, the classification 
based on the way preferences are included, especially in terms 
of when the decision maker is involved in the modelling process 
is important. If modelling of the decision makers’ preferences 
is the starting point of the modelling process, it would be a pri-
ori inclusion. However, if the answer of the decision makers to 
specific questions leads the solution process towards the most 
preferred alternative, it would be interactive articulation of pref-
erences. Lastly, if only the solutions are presented to the decision 
makers for evaluation that would be the posterior articulation of 
preference where the decision makers have not been involved 
in development of the decision-making model from the initial 
stages [23].

Literature Search Results 
A growing problem and concern in sustainable fisheries man-
agement is addressing several objectives and involving numer-

ous stakeholders for which international institutions recommend 
switching from monospecies, and single criterion management 
approaches toward ecosystems-based approaches [33]. For ex-
ample, in the case of demersal fisheries, Caddy and Seijo suggest 
that for protecting juveniles, in spite of having quotas, capac-
ity control and technical measures, the top down management 
has been ineffective to prevent stock depletion especially of the 
older spawners which often support recruitment in demersal 
stocks [34]. Therefore, the basic unpredictability of fisheries at 
the system level should be considered and a greater range of 
performance indicators to be included into the decisional frame-
work. However, the implementation of such multidimensional 
approaches could be difficult and environmental and socio-eco-
nomic impact receive less attention. In Europe, which is one 
of the largest suppliers of fish, holistic multi-species manage-
ment has replaced species management which could consider 
the views and interests of different stakeholders and trade-offs. 
Therefore, in the Marine Strategy directive, the common fish-
eries policy and the maritime spatial planning directive, the EU 
has accepted the ecosystem-based fisheries management [35].
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It is suggested that the scientific advice has to involve stake-
holders from consultation to stronger collaboration and it has 
to move from mainly biological towards integrating socio-eco-
nomic aspects [36]. For example, due to their exclusion in the 
decision-making process, the fishers in Europe were critical of 
existing management regimes and suggest they can develop 
more effective systems themselves [37]. In a recent survey of 
20 stakeholders in the UK’s Scottish Fisheries, the three key ob-
jectives in sustainable management of fisheries in term of im-
portance were controlling over exploitation of stocks, increase 
in the transparency and simplicity of policy measures and inclu-
sive governance [38]. Therefore, building trust between policy 
makers and fisheries through transparent measures and inclusive 
and collaborative governance is increasingly important for com-
mercial fisheries to operate effectively [38]. In the remainder of 
this section, we aim to answer the proposed research questions 
on the type of methods, criteria groups, regions and species that 
have been considered in the literature.

Application of MCDM Methods 
Based on this review, the Analytical Hierarchy Process (AHP) 
method has been identified as one of the most popular participa-
tory MCDM methods for involving multiple stakeholders [39, 
35, 40-49, 16, 14, 50, 51]. One of the advantages of the AHP 
is that it provides a framework for decision making which is 
able to analyse appropriate fishery management scenarios. Fur-
thermore, it allows managers to incorporate and consolidate ex-
pert judgments and may include interest group preferences [15]. 
The incorporation of value judgement in the process also gives 
decision makers the opportunity to explicitly state their prefer-
ences with respect to identified objectives [15]. However, the 
major disadvantage of the method, such as complicated pairwise 
comparison, and rank reversal problems should be considered. 
Goal Programming methods have also been applied in a num-
ber of studies in which the decision maker has set predefined 
targets and objectives, e.g. reaching a specific fishing mortality 
rate (FMSY) or quota allocation [52, 53]. Other participatory 
MCDM methods including combination with GIS and expert 
elicitation methods (Wattage et al. 2005), fuzzy MCDM (Ro-
meo,2019), and PROMOTHEE have also been applied in the 
literature [54-57]. 

Composition of Stakeholders
Different groups of stakeholders are conservationists, fishermen, 
middlemen, processors, vessel operators, environmental NGOs, 
industrial organisations, policy makers, scientists, academics, 
and the general public. The number and composition of stake-
holders in the studies vary significantly with studies reporting 
results of over 1300 surveys from stakeholders and fishermen 
to studies reporting results based on only twelve stakeholders 
and studies in which the number and composition of stakehold-
ers is not clearly stated [43, 35, 49]. The involvement of stake-
holders in the study design are mostly interactive articulation of 
preference and decision makers’ answers to specific questions, 
(e.g. determining the weight of decision-making criteria) guid-
ing the solution process towards the most preferred alternatives. 
In terms of data collection, different methods have been used 
including approaches such as Delphi method, interviews (face 
to face, telephone interviews), online and/or paper form surveys 
[58, 40]. For example, in a study by Bray et al. on prioritising 
the management policies for the future of Marine Scalefish fish-

ery in Australia the surveys consisting AHP questionnaires were 
posted to over 500 fishers, delivered in five industry workshops, 
sent via email to 200 fishers and also followed up by interviews 
to complement the survey data and deepen the analysis. In a 
study by Williams et al. 50 stakeholders of the English seabass 
fishery were surveyed including industry representatives, fish-
ers, management, NGO and non-expert citizens followed up 
by quayside and telephone interviews [59]. In a larger study by 
Kimani et al. which analysed the opportunities and limitations in 
marine small-scale fisheries value chain in Kenya, a total of 403 
respondent were interviewed consisting of 73 middleman, 108 
processors and 222 boat captains [39]. In their study the stake-
holders were asked about their purposes in engaging in fisheries 
activities and stakeholders’ response revolved around improve-
ment of income and economic wellbeing. Hence, the goal of 
the AHP was achieving higher financial performance, based on 
which criteria related to opportunities for improvement and con-
straints preventing the attainment of this goal was developed. 

Number of Criteria 
The number of criteria also varies greatly in the studies, with the 
lower level criteria not exceeding 21 sub-criteria and the most 
often used criteria are socio-economic, environmental, biologi-
cal, political/governance. The relative importance given to dif-
ferent criteria usually differ depending on the stakeholder group, 
while environmental and ecological criteria are prioritised by 
NGOs and conservation groups, the fishermen usually prioritise 
yields and employment over criteria such as habitat damage.

Management Measures
MCDM methods allows the decision makers to prioritise and 
select the most suitable management strategy with respect to 
their objectives. The main proposed management scenarios in 
the studies under consideration are summarised as following, for 
each measure a short description is provided:
•	 Quota allocation (Individual transferable catch quota): 

ITQ have often been used as a policy measure for improve-
ment in stock recovery in overexploited fisheries [60]. The 
implementation of ITQs involve allocating shares or por-
tions of total Allowable Catch Quota (TAC) to individual 
fishers, vessels, or any community, which may have an in-
terest in the fisheries. This approach aims to increase fish-
er’s involvement in allocation of shares and enables the 
fisheries to adjust to changing economic and biological con-
ditions which does not require further actions by managers 
to reduce fishing efforts [61].

•	 Effort Control: effort control strategies consist of measure 
such as restrictions in vessel size, change in gear types, 
limited entry (limitation of new licences), and seasonal 
closures. Effort control may be execrated to reduce overex-
ploitation and increase the sustainability of fisheries. 

•	 Restriction (or ease) in Subsidies Provided to Fisheries: 
Subsidies are defined as financial support provided by the 
government to an industry. For fisheries, subsidies could be 
divided in three categories of beneficial, capacity enhanc-
ing and ambiguous. Beneficial subsides could be considered 
investments in the promotion of fisheries, and capacity en-
hancing subsidies encourage increase in fishing capacity. 
Ambiguous subsidies have the potential to lead to either 
sustainable management or overexploitation of fisheries 
[62].
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•	 Open Access: Open access fisheries are unregulated and ac-
cessible to rival fleet from any country and the government 
has limited means and interest in regulating and controlling 
the amount or type of effort made to catch fish. Open access 
could serve as a baseline measure and may be used to assess 
the merits of alternative management approaches and fishing 
regulations [63].

•	 Marine Protected Areas (MPA): MPAs are defined as sea 
areas exclusively dedicated to protecting and maintaining 
the biological diversity. In these areas the associated cultural 
and natural resources are considered and management in en-
forced through legal or other effective means [64].

•	 Status Quo: Maintaining the existing state of affairs with 
respect to the management strategies. Mixed approaches in-
cluding a number of strategies applied simultaneously

The main objectives across sectors and different stakeholders are 
identified as: 
•	 Increase in economic yield (profit)
•	 Increase in value of all landing 
•	 Increase in local employment
•	 Improved governance and regulatory stability
•	 Reductions in fishing mortality to a specific target 
•	 Minimising discards and bycatch
•	 Minimising environmental impact

Regions and Species 
Figure 3 shows the distribution of studies based on the species 
and regions. The regions are categorised as Europe-North Sea (in-
cluding English Channel), Europe-other (including Atlantic and 
Mediterranean), USA, Australia, Asia, Africa. The species cate-
gorisations are defined as multi-species (including multiple differ-
ent species types), demersal (including multiple demersal fish spe-
cies), Pelagic (including multiple pelagic fish species), monotype 

species (including only one type of species), other (aquaculture, 
small scale fisheries, invasive fish species).

Europe, in particular The North Sea has been identified as the re-
gion with the highest number of studies focused on participatory 
MCDM (41%), followed by Africa (17%), USA (12%), Australia 
(10%) and Asia (10%). Furthermore, monospecies fisheries man-
agement has the highest share of the studies (32%) followed by 
multispecies (32%), demersal (14.5%), other (14.5%) and pelagic 
(7%). The high number of studies in the North Sea could be ex-
plained given that the North Sea fisheries system is a dominant 
component for the EU’s ecosystem-based fisheries management 
regime and contains many different species, fishing fleets and 
multi-level governance settings [65]. 

On the other hand, the Mediterranean fisheries are characterised 
by visible signs of overexploitation of the main fish stocks, sig-
nificant alteration to marine ecosystems, and low economic per-
formance [13, 66]. As a result of this low economic performance 
a 45% decrease in fishing units has occurred in 2018 for the EU 
Mediterranean states. The main features of Mediterranean fisher-
ies is relatively small vessels, multiple landing sites, multispecies 
catches with low catch per unit of effort and relatively high prices 
[66]. In Europe, the Mediterranean fisheries are underfunded and 
have lower levels of scientific stock assessment information in-
corporated in the fishery management plans in comparison to the 
North Sea region.

African countries (With the second highest share of studies) are 
also showing increase application of MCDM methods for sustain-
able management of fisheries. Marine fisheries and aquaculture 
are developing rapidly in Africa and they are playing an important 
role in food security, wealth creation and reducing poverty [67]. 

Figure 3: Distribution of studies based on region and species

Table 2: Summarises the methods, Criteria Groups, type of Species and Case Study Regions related to the Studies in this 
Survey

Author Year Method Criteria group No. 
partici-
pants

Regions Species

Leung et al. 
[51]

1998 AHP Biological, economic, political, so-
cial

34 Hawaii Pelagic

Mardle et al. 
[53]

2000 Goal program-
ming

Profit, quota share, employment, 
discard

Not 
specified

North Sea Demersal
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Leung et al. 
[68]

2001 MCDM (linear 
programming)

Employment, income, economic 
rent

Not 
specified

Norway N o r w e g i a n 
cod

Soma [50] 2003 AHP Economic efficiency, conservation 
of resource, employment, gover-

nance

50 Trinidad and 
Tobago

Shrimp

Mardle et al. 
[14]

2004 AHP Conservation, economic, alloca-
tion and awareness issues between 

stakeholders

31 E n g l i s h 
Channel

Multi-species

Chiou, et al. 
[55]

2005 Fuzzy AHP Business activities, government 
policy, socio-economic effects

15 Taiwan Multi-species

Nielsen et al. 
[49]

2006 AHP Economic, political, biological 12 D e n m a r k 
and Norway

Sand eel and 
Norway pout

Paterson, et 
al. [56]

2007 MCDM with 
fuzzy logic

Ecosystem approach Not 
specified

South Africa Pelagic fishery

Utne [48] 2008 AHP Social, economic, ecological(envi-
ronmental)

9 Norway Cod fishing 
fleet

Pascoe et al. 
[47]

2009 AHP Economic, environmental, resource 
sustainability, externalities

74 Australia Multi-species

Innes and 
Pascoe [45]

2010 AHP Bycatch, Insitu impact 48 Europe Demersal

Baio [46] 2010 AHP Endowment, economic, political, 
institutional

8 Sierra Leone Small scale

Daneshfard 
et al. [52]

2011 Goal program-
ming

Economic, environmental, political Not 
specified

Persian Gulf Multi-species

Wadsworth 
et al. [69]

2014 AHP Ecosystem health 107 USA Multi-species

Rossetto et 
al. [44]

2015 AHP economic, social, biological conser-
vation, biological production

Not 
specified

Medi t e r r a -
nean

Demersal

Brookes et 
al. [43]

2015 AHP Industry community, local/regional 
communities, indigenous commu-

nity

1308 Australia Multi-species

Ting et al. 
[42]

2015 AHP Ecological, economic, social, insti-
tutional

21 Taiwan Aquaculture

Morgan [41] 2017 AHP Economic, social, administrative, 
lack of information, lack of oppor-

tunities

58 UK Multi-species

Bray et al. 
[40]

2018 AHP Governance, economic, environ-
mental, social

40 South Aus-
tralia

Scale fish

Williams et 
al [59]

2018 MCDM Profit, employment, GHG emission, 
subsidies, economic value chain, 
seabass and other species discard, 
spawning season mortality, bycatch, 
ecosystem damage, ghost fishing, 

fleet and port dependency

50 UK English Sea-
bass

Szalaj et al 
[54]

2018 MCDM with 
GIS

Socio-economic, environmental, bi-
ological

Not 
specified

Portugal European Sar-
dine

Deboni et al. 
[57]

2018 PROMOTHEE Environmental, economic, social Not 
specified

North Sea Demersal

Pope et al. 
[65]

2019 MCDM Economic, environmental 16 North Sea Multi-species

Romeo and 
Marciano

2019 Fuzzy MCDM(-
VIKOR)

Economic 34 Medi t e r r a -
nean(South 

Italy)

Multi-species

Chen et al. 
[70]

2019 AHP Environmental quality, waste and 
energy management, hygiene, ves-

sel and harbour management

24 Asia Multi-species
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Elvarsson et 
al. [35]

2020 AHP Environmental, socio-economic, 
industry

12 Iceland Cod fisheries

Kimani et al. 
[39]

2020 AHP Resources, infrastructure, training, 
cost, governance, trust, labour

403 Kenya Small scale 
fisheries

Robinson et 
al. [58]

2021 P a r t i c i p a t o r y 
Decision mod-

elling 

Ecological, economic, social 11 Lake Erie, 
USA

Invasive spe-
cies

Limitations and Drawbacks of MCDM
Stakeholder engagement is a key feature in fisheries manage-
ment, however collecting perspectives from diverse groups and 
reconciling conflicting objectives as well as dealing with subjec-
tive biases remains amongst the challenges. Although MCDMs 
are powerful techniques to tackle many decision-making prob-
lems, they are bound to certain limitations. Rosenhead sum-
marises the limitations of traditional MCDM for dealing with 
complexity of natural resource management as [71]:
•	 “Comprehensive rationality”, i.e. unrealistic presump-

tion that analytical results and computations could replace 
judgements.

•	 Prioritising feasible objectives and optimal alternatives 
which may lead to de-emphasising the creative generation 
of alternatives.

•	 Misrepresentation and misunderstandings about the reasons 
and motivations for public involvement.

	
Furthermore, each MCDM method may have certain limitations. 
Rehman and Romero point out that in the MAUT methods, the 
underlying assumptions may be questionable highlighting the 
preferential independence assumption as unrealistic [72]. Alter-
natively, they suggest that non-compensatory methods such as 
ELECTRE or PROMOTHEE can replace methods based on 
MAUT. However, these two methods do not provide a clear 
process to assign criteria weight and inconsistency of judgment 
may [21]. For the AHP method, although a clear weighting pro-
cess is defined, the problem of rank reversal, the preference 
scale and the absence of zero in the scale and potential mod-
elling challenges due to interdependence between criteria and 
alternatives have been raised as disadvantages of the method 
[73, 74].

Mendoza and Martins suggest that the limitations of algorith-
mic and rigid MCDM methods are exacerbated when the plan-
ning and decision making is entirely participatory where local 
communities or individual citizens would like to be actively in-
volved at different stages of planning and management of public 
resources that are of value to many different stakeholders [23. 
In order to overcome these limitations a more flexible approach 
to MCDM application to natural resources management is re-
quired. An effective approach should be capable in dealing with 
challenging and multi-dimension problems involving subjective 
opinions of stakeholders, unpredictable cause and effect rela-
tionships, and with objectives may be conflicting and not ac-
cepted by all stakeholders [23].

Discussion and Conclusion 
The over exploitation of natural resources such as fisheries 
may be due to several reasons such as low levels of fishing 

cost which are exacerbated by subsidies, high fish prices, slow 
pace of biomass growth and ill-defined governance structures. 
For achieving consensus and compliance with policy measures 
for achieving sustainable levels, reducing conflict and distrust, 
and developing acceptable solutions, involving stakeholders in 
defining objectives and management choices is critical partic-
ipation of stakeholders and coastal resource users is crucial in 
complementing scientific information [18]. 

This review shows that whilst studies in fisheries management 
have made progress in integrating a diverse range of criteria in 
the decision-making framework, there is a paucity of studies 
on incorporating environmental, particularly climate change 
and natural variability impacts in the decision-making pro-
cess. Furthermore, compared to biological aspects, legal and 
governance criteria have been addressed less frequently in the 
literature. Improved governance of the sector would greatly 
enhance the equitable use of this resource particularly in coun-
tries where fisheries constitute a large part of the livelihood and 
economy. In terms of management measures this review sug-
gests that top-down policies based on limiting the catch levels 
or the effort levels as implemented by the European Common 
Fisheries Policy are the most conventional management mea-
sures for controlling overexploitation. However, such manage-
ment measures are dependent on accurate stock assessment 
which are subject to many uncertainties such as environmental 
variability, inaccurate data and errors in estimation, and ineffi-
cient enforcement of quotas leading to illegal unregulated fish-
ing [75]. 

The findings in this review shows that participatory MCDM 
techniques, especially pairwise comparison techniques such as 
AHP have experienced increased application in the period be-
tween 1998-2020 and have been applied globally in single spe-
cies and multi-species fisheries management in particular in the 
multi-species fisheries management in Europe’s North Sea as 
well as African countries in which marine and aquaculture plays 
and important role in food security and livelihoods. Application 
of MCDM techniques in fisheries management helps in formal-
ization of the concepts of goals, objectives and subjective criteria 
into structured decision framework and provides a useful struc-
ture for investigating management scenarios while stakeholders 
in all levels could be involved in the procedure. Participation of 
broad range of stakeholders who could provide a diverse per-
spective of the challenges and solutions, could addresses the 
challenges regarding scientific uncertainty in assessment advice, 
and collaborative modelling methods which can incorporate differ-
ent types of subjective and objective information, as well as fish-
eries science, would improve ecosystem-based management [76]. 
This approach may also be applicable to other natural resources 
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which are common resources in essence yet their utilisation should 
be managed and governed effectively to avoid overexploitation. 

Amongst the major advantages of such methods is the ap-
plicability, and relatively easy communication with different 
groups of stakeholders and continued application of these 
methods is predicted for reconciling multiple stakeholder’s 
preferences for enhancing the sustainable management of 
marine resources. Lastly, this study provides a guide for dif-
ferent stakeholders (e.g. managers, fishermen and NGOs) on 
type of criteria and the management measures that have been 
used as well as providing information on the type of species 
and regions that have been considered more in studies there-
fore highlighting potential gaps and areas of improvement in 
the literature [77-83].

Limitations and Future Research 
This review provides an overview of the applications of par-
ticipatory MCDM approach for the sustainable management 
of fisheries. This review does not intend to analyse each indi-
vidual methodology, rather it aims to show the application of 
these methods in the field of sustainable fishery management. 
In this review MCDM methods that consider multiple groups 
of stakeholders are considered and other multi-objective opti-
misation methods or bio-economic models are not included in 
the analysis. With the ever-increasing pressure on fisheries to 
be sustainable and consider ecosystem and multi-species-based 
measures, future research may consider the capability of com-
bined methods to incorporate the preference of a network of 
stakeholders with respect to the management of multispecies 
fisheries.
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