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Global literature highlights risks in the seafood trade and suggests mitigation

methods, but these issues are often overlooked in developing countries,

particularly in Pakistan, due to ineffective policy implementation. This

underlines the urgent need for a thorough investigation into Pakistan’s seafood

trade to address its multifaceted risks and revive this agricultural sector. This

study is notable for being the first to explore these uncharted risks in Pakistan’s

seafood trade, which can help achieve the sustainable development goals (SDGs)

of the United Nations, particularly SDG 14 (life underwater) and SDG 2 (zero

hunger). Primary data were gathered from 626 respondents using snowball

sampling and structured questionnaires from July 13, 2023, to December 27,

2023. The study used multi-criteria decision analysis, including fuzzy Analytic

Hierarchy Process (AHP) and Importance Performance Analysis (IPA), and

multivariate analysis, comprising Analysis of Moment Structures (AMOS), to

analyze the data. The findings revealed that ‘environmental risks’ were the

most significant, followed by ‘infrastructure and logistic risks’. The biggest sub-

risk identified for managerial focus includes overfishing. Controlling overfishing is

critical for ensuring marine conservation and reviving the seafood trade. Several

sub-risks, like seafood prices, marketing strategies, consumer preferences, and

tastes, are critical but never addressed in the regulations. Furthermore, risk

perception mediates the relationship between risk management and risk

performance. The survey respondents reported low-risk perception and

inadequate management measures. Besides, this study expounds on

ramifications, shortcomings, and areas for further research.
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1 Introduction

The fisheries sector plays a central role in establishing a balance

between marine conservation and human economic needs

(Eriksson et al., 2019). This sector is intertwined with marine

conservation through a complex web of ecological, economic, and

social interactions. For example, overfishing, driven by the growing

global demand for seafood, poses a significant threat to marine

biodiversity and ecosystem health (Sumaila et al., 2016; Farmery

et al., 2022). Moreover, unsustainable fishing practices lead to the

depletion of fish stocks, the catch of non-targeted fish species as

bycatch, and disrupt marine food chains (Kumar et al., 2019; Takyi

et al., 2023). Such impacts not only jeopardize the long-term

viability of fisheries but also undermine the resilience of marine

ecosystems, which are vital for achieving the United Nations’

Sustainable Development Goals (SDGs). The fisheries sector is

crucial to Pakistan ’s food security and socio-economic

development by providing up to 1.7 million people with job

opportunities (Kaczan and Patil, 2020). Despite its enormous

potential, fisheries production is low, contributing about 0.5% of

the GDP, which is much less when compared to other regional

competitors such as India and Bangladesh (Employers Federation

of Pakistan, 2019). Pakistan exports a wide range of seafood

products, viz., smoked, chilled, fresh, frozen, and salted, to many

countries. Major importers of Pakistani seafood products are China,

Thailand, and Vietnam. Pakistan exports around 17% of the total

fish production and seafood products worth $400 million annually

(Shah et al., 2017; The World Bank, 2018; Food and Agriculture

Organization, 2023).

However, compared to its potential, the fisheries sector’s

contribution to the national economy is negligible. Its lesser

contribution and underperformance are outcomes of various risks

this sector faces (Rehman et al., 2019). For instance, Kalhoro et al.

(2014) reported that overexploitation is the most prevalent risk

faced by the fisheries sector in Pakistan causing less catch quantities

and leading to reduced export earnings. In addition, the size of the

caught fish is also small, resulting in higher quantities of trash

fisheries (Panhwar et al., 2016). Moreover, water pollution in the

coastal areas is causing havoc to marine life, sharply decreasing fish

fauna and causing potential health hazards for those who consume

fish (Haseeb-ur-Rehman et al., 2023). According to Noman et al.

(2022) lack of coordination among multiple regulatory bodies leads

to redundant efforts and trade delays. Furthermore, high tariff rates

are negatively impacting seafood trade performance in Pakistan

(Leroy et al., 2016; Noman et al., 2022). Thus, the fisheries sector in

Pakistan is exposed to diverse risks which are hindering this sector’s

economic performance.

Risk is an intuitive concept characterized by variability. It

means the potential for some unwanted outcome (Asche et al.,

2020). Risk is referred to as realized risk when bad things happen.

Risk management is implemented in two stages to deal with risk.

The first stage involves identifying and categorizing risks, while the

second stage initiates risk mitigation strategies. Risk management in

fisheries has evolved significantly, particularly since the 1990s, with
Frontiers in Marine Science 02
an increasing emphasis in the literature on managing risk

(Sethi, 2010). In this context, decision analysis is the most reliable

and popular way of treating risks associated with the fisheries

(Varkey et al., 2016). This analysis helps to identify potential risks

quantitatively and qualitatively. Thus, the decisions based on this

analysis address multi-faceted risks and are well-suited for fisheries

management. The decision-making process involves the preferences

of the stakeholders, managing potential risks, and minimizing the

effects of realized risks (Hannouf and Assefa, 2018; Abdullah et al.,

2021). Multi-criteria decision analysis (MCDA) is used when the

objective is to manage compound and complex objectives. MCDA

helps to achieve managerial goals by highlighting potential

administrative pitfalls. MCDA quantitatively ranks multiple

options, making decision choices easy (Wu et al., 2017; Morgan,

2017). As mentioned, the seafood trade is confronted by numerous

risks, so using MCDA is imperative.

Online literature documents various aspects of the seafood trade in

Pakistan (Atif et al., 2017; Ali et al., 2020; Noman et al., 2022).

However, it has three significant drawbacks. First, it does not examine

all the risks associated with the seafood trade. Second, it does not

compare various risks based on their importance. Third, it does not

study the factors that can mediate the relationship between risk

management and risk performance. Besides, it does not use robust

statistical routines and employs limited data in most cases. Due to

these setbacks, this literature cannot guide managers and policymakers

to make effective management plans. This study aims to address this

research gap by answering the research question: what are the status,

opportunities, and challenges of seafood trade risk management?

Depending on this research question this study has the following

three objectives representing each part of the research question:

Objective 1: Are there risks associated with the seafood trade,

and if so, how can they be ranked for better management? (status)

Objective 2: Is there any room to upsurge seafood trade risk

management performance, and if so, what are the potential

options? (opportunities)

Objective 3: How do risks and performance relate? Can risk

perception mediate the relationship between risk management and

risk performance? (challenges)

This study ranks and prioritizes risks using data collected from

various stakeholders and reliable statistical techniques. It will

facilitate the formulation and implementation of effective seafood

trade management policies. It is essential to mention that SDGs are

a guideline for making a national development plan in Pakistan

(Kaczan and Patil, 2020). Two of these SDGs, i.e., Zero Hunger

(Goal 2) and Life BelowWater (Goal 14), are particularly relevant to

this study. The target of achieving SDG 2 cannot be accomplished

until 2030 without ensuring food security in Pakistan. This goal is

fundamental in the context of Pakistan, the 6th most populous

country in the world (Zahir, 2023). Moreover, the sustainable

development of marine resources is essential to achieving SDG 14

and contributing to marine conservation. Hence, both of these goals

are interrelated. This study paves the way to attaining these goals by

identifying, categorizing, and prioritizing risks and helping to

increase the performance of the seafood trade in Pakistan.
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2 Literature review and
conceptual framework

2.1 MCDA

In risk management, MCDA can be employed to perform two

distinct tasks, i.e., ranking of risks and identification of potential

areas for performance management. These tasks are accomplished

through multiple-objective optimization (MOO) and goal

programming (GP) (Trigui et al., 2018; Al-Husain and

Khorramshahgol, 2020). MOO deals with multiple objectives and

sorts out those worth considering. The redundant objectives are

omitted. This strategy is crucial for conducting effective

management (Pascoe et al., 2017). On the other hand, GP

specifically targets performance aspects of the management

(Vaidya and Kumar, 2006). The Analytic Hierarchy Process

(AHP) and the Importance Performance Analysis (IPA) render

the MCDA method and are used to achieve MOO and GP,

respectively (Vaidya and Kumar, 2006; Sethi, 2010). Thus, their

synergetic use is very suitable to achieve comprehensive

management targets. That’s why multiple studies have used these

statistical routines together in the same study (Diaz et al., 2017; Ma

et al., 2022).

Statistically, AHP quantitatively ranks decision options by

considering tangible and intangible aspects of the assessment

process (Subramanian and Ramanathan, 2012). It breaks down

compound and ambiguous problems into smaller, simpler elements,

making choices easy. The assessment process by AHP involves

using sensitivity analysis, which ensures that results are dependable.

Thus, AHP can help make reliable decisions even under complex

and vague conditions (Chang, 1996; Chan and Kumar, 2007).

Conversely, IPA establishes a relationship between management

and performance aspects of various attributes. This results in the

formation of a quadrant on which each management value

estimated is plotted along with its performance values, thus

constructing a grid known as quadrant analysis (Sawitri et al.,

2020; Das et al., 2022). This analysis serves as a lighthouse for the

decision-makers to identify areas where management should focus.

In addition to MCDA, multivariate analysis serves as a dependable

statistical technique utilized in management studies to assess

whether a specific factor mediates between management and

performance (Rust et al., 2014; Wu et al., 2014). Analysis of

Moment Structures (AMOS) is frequently employed in scientific

studies to conduct multivariate analysis. This statistical tool is

particularly useful in studies where a single factor mediates the

relationship between independent and dependent variables (Amadu

et al., 2021). Thus, given the features and relevance of the fuzzy

AHP, IPA, and AMOS, we employed them in this study.
2.2 Economic risks

Seafood trade is subject to price fluctuations and cross-price

risks due to price sensitivity (Dahl and Oglend, 2014). The

heterogeneity of market information and fluctuating exchange
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rates complicate marketing strategies, reducing trade efficiency

(Sethi, 2010; Dong and Truong, 2023). Fluctuations in fishing

production and disordered market data often lead to losses for

producers (Gephart et al., 2017). Several factors impede seafood

trade development, including circulating capital and finance

(Kaczan and Patil, 2020). There is a lack of financial aid for high-

risk industries, such as fishing, in Pakistan’s financial system

(Noman et al., 2022). A study conducted by Lebiedzinska et al.

(2006) has shown that high prices of fish result in lower

consumption quantities. Qasim et al. (2020) argued that seasonal

consumption of fish is the main driver of fish demand in Pakistan.

The quality and safety of fish are a major concern for Pakistani

consumers, as many commercial fish, such as Catla catla, are high in

toxins (Saleem et al., 2022). Seafood marketing strategies in

Pakistan have many deficiencies, such as poor packing,

substandard labels, and no marketing campaign (Mohsin

et al., 2017).
2.3 Environmental risks

A study conducted by Allison et al. (2009) declared Pakistan

among the most vulnerable countries in the world in which seafood

trade patterns are heavily affected by climate change.

Overexploitation has led to a significant decrease in fish catch

quantities, thereby negatively impacting the available fish biomass

for trade (Noman et al., 2022). Fisheries in Pakistan are severely

threatened by pollution, overfishing, and habitat destruction (Iqbal

et al., 2013). The effects of climate change on fisheries biodiversity

and their abundance are very intense causing economic losses to the

coastal communities (Salik et al., 2015). Fishery stocks of many

commercial fish in Pakistan have considerably decreased due to

intensive and illegal fishing operations (Khan and Khan, 2011; Ali

et al., 2020). Mehak et al. (2018) have reported that despite

overexploitation and overcapacity issues the number of fishing

vessels has increased uncontrolled in Pakistan. A study conducted

by Jilani (2018) found that the coastal waters of Pakistan have

extremely low levels of dissolved oxygen and high pH making

marine life very difficult to thrive.
2.4 Policies and regulations risks

Several legislative deficiencies exist in Pakistan related to

fisheries management, including a reliable licensing system and

overcapacity management (The World Bank, 2018). The ineffective

existing regulatory structure makes matters worse by ignoring

livelihood issues (Khan and Khan, 2011). According to Kaczan

and Patil (2020) sustainable and productive fisheries require

investment and policy changes in Pakistan. The lack of trade-

promoting policies in Pakistan hinders seafood trade, according

to a study conducted by Mehak et al. (2020). Yeo and Deng (2019)

employed the gravity model to determine changes in trade between

Pakistan and its neighboring countries. Their finding indicates that

suitable trade agreements and trade-promoting policies can

significantly enhance seafood trade performance. Seafood trade is
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not adequately facilitated, and no policies are in place to promote it

(Sharif et al., 2014). The Global Enabling Trade Index ranks

Pakistan 116 out of 132 countries in trade efficiency. The export

process involves seven documents, with a processing time of 21

days, reducing export efficiency. Market diversity is direly needed to

upsurge seafood trade in Pakistan (Government of Pakistan, 2015).
2.5 Socio-cultural risks

Seafood trade in Pakistan is hindered by quality concerns

(Sharif et al., 2014). According to Mehak et al. (2023), fishery

exports cannot be increased without adherence to mandatory

sanitary and phytosanitary (SPS) standards. Several countries,

including Saudi Arabia, the USA, and the EU, have banned

seafood imports from Pakistan due to poor quality issues causing

huge economic losses (Shabir and Kazmi, 2007; The Fish Site, 2007,

The Fish Site, 2016). The consumption of fish is directly influenced

by income, domestic seafood supply, and education, according to a

study conducted by Feng et al. (2000).
2.6 Infrastructure and logistics risks

In Pakistan, there is no swift transport system, causing

shipment delays and adversely affecting the quality of seafood

(Mehak et al., 2020). Pakistan is ranked 60 out of 130 countries

in terms of road quality (Government of Pakistan, 2015). According

to Shafi et al., 2020 fish markets in Pakistan mostly do not have

appropriate cold storage facilities which results in enzymatic as well

as microbial spoilage of the seafood resulting in compromised

quality. In total, there are 27 seafood processing plants in

Pakistan out of which only 8 are functional. There is only one

plant associated with canning (Marine Fisheries Department, 2012;

MFF Pakistan, 2016). Unfortunately, due to the lack of adequate

processing facilities most of the fish catch, about 90%, is exported

frozen and unprocessed to other countries resulting in huge

economic losses (Sharif et al., 2014).
3 Materials and methods

3.1 Technical route and study framework

This study was carried out using a systematic scientific

approach. First, a thorough review of the literature related to

seafood trade risk management in Pakistan was conducted to

develop a solid foundation for the study. Second, research gaps

were identified and research questions were formulated. Third, a

survey questionnaire was developed to collect relevant data. Fourth,

in order to evaluate the collected data and produce reliable results,

reliable statistical methods were selected. Fifth, the obtained results

were discussed and suggestions were made. The study framework

and technical route, including these steps, are graphically

represented in Figure 1. The goal of this study is to enhance the

efficiency and long-term viability of Pakistan’s seafood trade.
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3.2 Risk classification

Risk classification is the central aspect of this study. Therefore, a

robust and reliable system was adopted to classify them. First, risks

were listed and classified according to the descriptions of Tingley

et al. (2010) and Gray et al. (2010). Second, this list was discussed

later with stakeholders to check the existence of these risks in

Pakistan. Third, some risks not reported in Pakistan were removed

from the list. Fourth, this list was verified through a literature

review. Thus, this study uses a reliable risk classification that

represents Pakistani risks. Finally, a two-tiered risk hierarchy or

construct was formulated to better understand the complexities of

risks associated with the seafood trade in Pakistan. The first tier of

this hierarchy is comprised of five main risks critical to the seafood

trade in Pakistan. Whereas, the second tier is composed of 24 sub-

risks classified under these main risks (Figure 2).
3.3 Formulation of questionnaire survey

This study adopted a systematic approach to collect data. A

detailed literature review led to the development of a precise

questionnaire utilizing Saaty’s nine-point scale (Saaty, 2008) and

incorporating fuzzy AHP, IPA, and AMOS. This nine-point scale

was chosen over the conventional five-point scale to enhance

sensitivity and granularity in capturing respondent’s perceptions

of preferences, aligning with the study’s objectives. This scale allows

for a more nuanced exploration of attitudes, offering additional

levels of differentiations crucial for comprehensive data analysis. Its

adoption aims to better capture subtle variations in opinions,

ensuring a more robust and detailed examination of survey data

in the context of this research. The questionnaire was reviewed by a

panel of three professors to improve its relevance and smoothness

of writing. This questionnaire consisted of three parts, viz., personal

information, risk ratings, and option-based questions. Later on, the

questionnaire was pretested in Sindh by 30 respondents to validate

its effectiveness by removing irrelevant questions. To expand our

respondent base, we employed the snowball sampling technique.

This approach started with a small group of initial respondents who,

after completing their surveys, referred other participants within

their networks. This method was particularly effective in enhancing

the diversity and comprehensiveness of our data.
3.4 Data collection

The data collection period extended from July 13, 2023, to

December 27, 2023. The survey respondents were approached

through in-person discussions and telephone calls during this

period. Snowball sampling technique was employed to find

potentional survey participants. Before data collection, a brief

explanation about the purpose of this planned study was given to

the respondents. The target group for the survey included various

stakeholders such as anglers, seafood processors, official private

entities, academics, and knowledgeable buyers. In the survey,

352 respondents (56.2%) were from Sindh, while 274 (43.8%) were
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from Balochistan, aiming to capture their valuable insights and

perspectives on seafood trade risks in Pakistan. Only 626

questionnaires were deemed valid for fuzzy AHP and IPA analysis,

as their consistency ratio was below 0.1. For AMOS, these

questionnaires were also validated. Table 1 illustrates the socio-

demographic profile of the survey respondents, including pertinent

information about their backgrounds, experiences, and contexts.
3.5 Data analysis

This study utilized the fuzzy AHP and the IPA methods,

implemented via Expert Choice 2000 software. Moreover,

multivariate analysis was conducted by employing AMOS 18.0.

To determine the survey response rate, the number of completed

surveys was divided by the total sent out and then multiplied by 100.

Response rates varied across regions. Sindh achieved a 73%

response rate, while Balochistan recorded a 61% response rate.
3.6 Fuzzy analytic hierarchy process

AHP, developed in 1977 by Saaty, is a popular and reliable

approach to risk management. It is widely used in many fields

today, with some modifications to the original methodology

(Teniwut et al., 2019; Vyas et al., 2019; Giamalaki and Tsoutsos,

2019; Havle and Kilic, 2019). Fuzzy logic, crucial to decision-
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making, enhances outcomes and serves as a vital component

alongside AHP. This logic is used to solve the complexity of

issues where vague information is available but no precise

scenario exists. The fuzzy AHP approach works well when items

serve as models for judgments because they are linguistically related

(Dursun and Karsak, 2010). This approach is employed in this

study to quantify the advantages of one option over another by

comparing stakeholder preferences. This approach breaks the

overall seafood risk scenario into tiers, with various risks within

each tier. Fuzzy numbers are used to present options more

comprehensively, enhancing the decision-making process. To

compute risk weights, a geometric average is calculated based on

survey respondents’ choices (Wind and Saaty, 1980; Buckley, 1985).

This facilitates the creation of fuzzy matrix representations of

values, incorporating both the high and low values in the dataset.

The average is determined by averaging the maximum values

reported by respondents. Subsequently, this matrix is employed to

assign weights to risks based on their relative importance.

Stakeholders prioritize risks in fuzzy AHP, leading to rational

assumptions and decisions. If the target is optimization, fuzzy

AHP enables a seamless alignment between stakeholders’

objectives and goals (Mardle and Pascoe, 1999; Sethi, 2010).

3.6.1 Fuzzy matrix
Fuzzy matrix (Equation 1)

~A = ½~aij�n�n (Eq: 1)
FIGURE 1

Graphical representation of study framework and technical route.
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having positive as well as reciprocal features was created. In this

matrix, aij represented the fuzzy triangular number and was

expressed as follows (Equation 2):

~aij = ½lij,mij, uij� (Eq: 2)

Other parameters were denoted as follows (Equation 3):

½lij,mij, uij� =
½1, 1, 1, �,   if   i = j;

1
uij
, 1
mij

, 1lij

h i
,   if   i ≠ j

8<: (Eq: 3)

In the next step, generalization of fuzzy triangular number was

obtained by employing the following formula (Dursun and Karsak,

2010) (Equation 4):

min
1≪k≪24

a(k)ij

n o
,  
Y24
k=1

a(k)ij

 !1=24

, max
1≪k≪24

a(k)ij

n o24 35 (Eq: 4)

Pair-wise comparison of risks was represented as a(k). Where, k values

varied between 1 and 24.A fuzzy set of inverse functionswas combinedwith

these comparison pairs. Here, aij was represented as follows (Equation 5):
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~aij =
½1, 1, 1, �,   if   i = j;

(~aij)
−1,   if   i ≠ j

(
(Eq: 5)

Both i and j in this equation varied between 1 and 24.
3.6.2 Estimation of fuzzy weights
The geometric mean and weights method proposed by Saaty

(1977) were employed to estimate the local weights of risk variables.

Geometric mean for risk variables was computed using

mathematical calculations related to fuzzy triangular numbers.

Weights, ~Wi, were estimated using the following formula

(Equation 6):

~wi =
Yn

j=1
~aij

� �1=n
=

Yn

j=1lij
� �1=n

,
Yn

j=1mij

� �1=n
,
Yn

j=1uij
� �1=n� �

, i = 1, 2,…, n

(Eq: 6)

Here, each risk variable (ith) had a value between 1 and 24. ~Wi

was then summed based on earlier estimates. This summation was

expressed as follows (Equation 7):
FIGURE 2

Two-tiered hierarchy of seafood trade main risks and sub-risks.
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on
i=1~wi = on

i=1

Yn

j=1lij
� �1=n

,on
i=1

Yn

j=1mij

� �1=n
,on

i=1

Yn

j=1uij
� �1=n� �

(Eq: 7)

Finally, the fuzzy weights were estimated by employing the

following equation (Equation 8):

eWi =
ewi

on
i=1ewi

=

Yn

j=1lij
� �1

n

on
i=1

Yn

j=1uij
� �1

n

,

Yn

j=1mij

� �1
n

on
i=1

Yn

j=1mij

� �1
n

,

Yn

j=1uij
� �1

n

on
i=1

Yn

j=1lij
� �1

n

264
375, 

i = 1, 2,…, n (Eq: 8)
3.6.3 Calculation of crisp number
In order to obtain a crisp number, it was necessary to perform a

defuzzification process expressed as follows: Wi = (lWi + 2mW
i +

uWi )=4, i = 1, 2,…, n. Here, i ranged between 1 and 24. Moreover,

all risk variables were standardized to find the corresponding local

weights along with a crisp number for each risk variable. This

process was described as follows (Equation 9):

Wi = Wi=on
i=1Wi, i = 1, 2,…, n : (Eq: 9)
3.7 Importance performance analysis

In 1977, Martilla and James proposed a methodology for

assessing sector performance. This technique has proven to be an

effective and convenient tool for both researchers and managers alike.

It facilitates data interpretation and simplifies the process of making

strategic decisions, allowing for the development of a more effective

management program (Azzopardi and Nash, 2013). This method

employs a matrix to determine the average value between

performance data and importance data, indicating a potential

relationship between them. In this matrix, known as quadrant
FIGURE 3

Visual depiction of quadrant analysis in Importance-performance analysis.
TABLE 1 Socio-demographic profile of survey respondents.

Attributes Number %

Spousal standing
Unwed 136 21.7

Wedded 490 78.3

Sex
Masculine 574 91.6

Feminine 52 8.4

Age

21~30 years 56 8.9

31~40 years 542 86.6

51~60 years 28 4.5

Work-related Experience

6~10 years 88 14.1

11~15 years 382 61.1

16 years and above 156 24.8

Certification

Primary education 68 10.8

Secondary education 222 35.4

Tertiary education 250 39.9

Ph.D. 86 13.9

Region
Sindh 352 56.2

Balochistan 274 43.8

Stakeholders

Anglers 132 21.1

Seafood processors 204 32.6

Official or
private entities

72 11.5

Academics 102 16.3

Buyers
(knowledgeable)

116 18.5

Total 626 100.0
frontiersin.org

https://doi.org/10.3389/fmars.2024.1420755
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Mohsin et al. 10.3389/fmars.2024.1420755
analysis, the x-axis measures the performance of each risk element,

while the y-axis assesses its importance (Figure 3). The four

quadrants of the IPA reflect the importance and performance

attributes that respondents attribute to specific risk elements. Each

quadrant represents distinct opinions, resulting in different

management measures. The four quadrants of the IPA are as follows:
Fron
1. Concentrate here - low performance and high importance:

This quadrant indicates an immediate need to address

problems and improve the situation.

2. Keep up with the good work - high performance, high

importance: This quadrant represents that current

management is working well.

3. Low priority - low performance, low importance: This

quadrant indicates that no additional effort is required

and there are no major weaknesses associated with it.

4. Possible overkill - high performance, low importance: This

quadrant signifies that instead of allocating resources to

these attributes, it might be more beneficial to redirect them

elsewhere (Azzopardi and Nash, 2013).
3.8 Analysis of moment structures

AMOS 18.0 was utilized to analyze the relationship between

seafood trade risks and performance, and the role of risk perception

in mediating this relationship. Three matrix were used to

implement structure equation modeling (SEM). The first matrix

was represented as follows (Equation 10):

h = Bh + Gx + ς (Eq: 10)

Here, B denoted the coefficient of endogenous variables, i.e., h.
Whereas, x represented the coefficient of exogenous variables, i.e., G.
The second matrix was annotated as follows (Equation 11):

Y = Lyh + e (Eq: 11)

Here, Y and Ly expressed endogenous variables and their

coefficients, in that order. On the other hand, e symbolized all

error estimates. The third matrix was expressed as follows

(Equation 12):

X = Lxx + d (Eq: 12)

Here, X and Lx represented exogenous variables and their

coefficients, correspondingly. Whereas, d denoted all of the error

estimates (Narayanan, 2012; Shek and Yu, 2014).
4 Results

4.1 Demographic characteristics of
survey participants

The survey included 136 (21.7%) unmarried and 490 (78.3%)

married respondents. The majority were male (91.6%) compared to
tiers in Marine Science 08
female respondents (8.4%). Respondents predominately fell into the

age groups of 31~40 years (86.6%) and 11~15 years of work

experience (61.1%). Education-wise, most held tertiary degrees

(39.9%). Geographically, the survey drew primarily from Sindh

(56.2%) and Balochistan (43.8%). Occupationally, respondents were

mainly food processors (32.6%), followed by academicians (16.3%)

and buyers (18.5%).
4.2 Fuzzy AHP rankings of main risks by
using local weights

According to the local weights assigned to the main risks, Table 2

shows the fuzzy AHP rankings of these risks. ‘Environmental risks’

(0.367) achieved the highest ranking, following ‘infrastructure and

logistics risks’ (0.244) in the order of prioritization. Moreover, it

should be noted that ‘economic risks’ (0.209) came in third place,

‘socio-cultural risks’ (0.098) ranked in fourth place, and ‘policies and

regulations risks’ (0.081) came in fifth place.
4.3 Fuzzy AHP rankings of all sub-risks by
using global weights

The overall ordering of sub-risks using global weights is

presented in Table 3. The top three ranking sub-risks in terms of

their importance are overfishing, climate change, and transportation.
4.4 IPA rankings of main risks

Table 4 shows the IPA rankings of the main risks. Regarding

ranking risks, ‘infrastructure and logistics risks’ was ranked as the

top risk (4.421), and then came ‘economic risks’ (4.123). Moreover,

the ‘environmental risks’ (3.661), the ‘socio-cultural risks’ (3.449),

and the’ policies and regulations risks’ (3.011) ranked third, fourth,

and fifth, respectively.
4.5 Improvement assessment analysis

In Figure 4, the quadrant classification of the sub-risks in IPA is

presented. Area 1 is meant to represent sub-risks having high
TABLE 2 Fuzzy analytic hierarchy process rankings of main risks by
using local weights.

Risk Factors Importance Rank

Environmental 0.367 1

Infrastructure and logistics 0.244 2

Economic 0.209 3

Socio-cultural 0.098 4

Policies and regulations 0.081 5
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importance but low performance when it comes to the overall

performance. These risks, therefore, indicate that improvements are

needed and include ‘transportation’, ‘cold storage’, ‘demand’,

‘marketing strategies’, ‘overfishing’, ‘regulatory framework’, and

‘seafood availability’. Area 2 represents the sub-risks within the

model that have high importance and performance. The

management of these risks, therefore, continued to be carried out.

Among these are ‘processing facilities’, ‘seafood prices’, ‘finance and

credit’, ‘environmental disruption’, ‘fishing regulations’, ‘consumer
Frontiers in Marine Science 09
preferences and tastes’, and ‘quality control and assurance

mechanisms’. In Area 3, sub-risks with low importance and low

performance were grouped together, which means they have low

priority. Among these risks are ‘fishing equipment’, ‘tariffs and

taxes’, ‘illegal and unregulated fishing’, ‘investment’, ‘trade policies’,

and ‘consumer awareness’. Those sub-risks with low importance

but high performance have been grouped into Area 4. There is a

need to reallocate the resources spent on managing these sub-risks

to those belonging to Area 1 so that they can be managed more

effectively. Among them are ‘processing technology’, ‘climate

change’, ‘trade agreements’, and ‘seafood consumption’. Sub-risks

were given codes. Table 5 summarizes sub-risks and their

corresponding codes.
4.6 Validation of reliability

A reliability test was conducted to validate data accuracy. The

results of this test are listed in Table 6. Economics risks were

evaluated through five questions, yielding an estimated Cronbach’s

alpha (CA) coefficient of reliability of 0.938. The environmental

risks assessment consisted of four questions, resulting in a CA of

0.936. In addition, infrastructure and logistics risks were

investigated with five questions, with a CA of 0.952. Furthermore,

the performance evaluation comprised four questions, resulting in a

CA of 0.887. The CA estimate for each construct exceeded 0.6,

indicating data reliability.
4.7 Correlation between constructs

Table 7 presents the correlation findings among all constructs

employed in this study. AVE values are listed at the top of every

column, and correlation estimates are shown below. Correlation

strength is determined by their values, whereas negative signs

indicate negative relationships between constructs. As the AVE

estimates exceed the squared correlations, it can be inferred that all

variables are discriminately accurate.
4.8 Validation of structure
equation modelling

Modeling indicators like CMIN/DF, RMR, and CFI represent

equation fitting. The NFI method can sometimes give higher
TABLE 4 Importance-performance analysis rankings of main risks.

Risks Importance Rank

Infrastructure and logistics 4.421 1

Economic 4.123 2

Environmental 3.661 3

Socio-cultural 3.449 4

Policies and regulations 3.011 5
TABLE 3 Fuzzy analytic hierarchy process rankings of all sub-risks by
using global weights.

Risks Sub-risks Importance Rank

Environmental Overfishing 0.122 1

Environmental Climate change 0.091 2

Infrastructure
and logistics

Transportation 0.075 3

Socio-cultural
Quality control and

assurance mechanisms
0.061 4

Policies
and regulations

Regulatory framework 0.051 5

Environmental
Illegal and

unregulated fishing
0.033 6

Environmental
Environmental
disruption

0.046 7

Economic Demand 0.043 8

Economic Seafood prices 0.042 9

Policies
and regulations

Investment 0.041 10

Infrastructure
and logistics

Cold storage 0.038 11

Infrastructure
and logistics

Processing technology 0.037 12

Socio-cultural Consumer awareness 0.021 13

Economic Marketing strategies 0.021 14

Economic Tariffs and taxis 0.034 15

Policies
and regulations

Fishing regulations 0.032 16

Socio-cultural Seafood consumption 0.023 17

Infrastructure
and logistics

Processing facilities 0.036 18

Socio-cultural Seafood availability 0.033 19

Policies
and regulations

Trade policies 0.031 20

Policies
and regulations

Trade agreements 0.028 21

Economic Finance and credit 0.026 22

Socio-cultural
Consumer preferences

and tastes
0.019 23

Infrastructure
and logistics

Fishing equipment 0.016 24
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estimates when complex equation structures are used in the

equation. It is more appropriate to consider the CFI index in

these situations (McDonald and Ho, 2022). It is imperative to

note that all of the indices values meet standard criteria,

demonstrating the reliability of the model (Table 8).
4.9 Mediating effect of risk perception

Statistics outlined in Table 9 illustrate the mediating role of risk

perception between risk management and risk performance.

Differences in results between Sindh and Balochistan indicate the

mediating effect of risk perception. For Sindh, economic risks

(estimate = 0.376 and CR = 2.936***), environmental risks

(estimate = 0.367 and CR = 3.251***), and infrastructure and

logistics risks (estimate = 0.391 and CR = 2.834***) mediate

performance significantly. Furthermore, for Balochistan, economic

risks (estimate = 0.464 and CR = 3.122***), environmental risks

(estimate = − 0.343 and CR = − 3.495***), policies and regulations

risks (estimate = 0.381 and CR = 3.226***), and occupational risk

(estimate = − 0.324 and CR = −4.639), and infrastructure and logistics

risks (estimate = 0.287 and CR = 2.845**) were estimated to have a

significant mediating effect on performance.

5 Discussion

The findings of this study reveal that the main risks faced by

Pakistan’s seafood industry include infrastructure and logistics risks,

environmental risks, and economic risks. Additionally, risk

management should focus on the sub-risks of overfishing, climate

change, and transportation. The significance of these sub-risks cannot

be overstated, as they are not only ranked as top concerns by the fuzzy

AHP, but also placed in quadrant 1 by the IPA, highlighting problems

related to performance management. Published literature supports

these findings (Panhwar et al., 2016; Shah et al., 2017). The tragedy
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of the commons is often associated with global fisheries (Manning

et al., 2018). Technology makes the matter even worse, as small boats

can harvest fish biomass beyond a sustainable threshold levels (Scherrer

and Galbraith, 2020). This situation is reported to have impacted

Pakistani fisheries leading to overfishing (Noman et al., 2022). On the

other hand, to attain SDG 14 it is crucial to control overfishing. Hence,

overfishing is the top concerning sub-risk in Pakistan. A number of

studies indicate that Pakistan’s marine resources are under constant

pressure from overfishing (Kalhoro et al., 2014; Noman et al., 2022).

The fisheries sector in Pakistan, especially in Sindh, faces severe

overfishing, leading to a 2% annual decline in capture production

over the last 20 years (DAWN, 2017). The National Fisheries and

Aquaculture Policy Agenda (USAID, 2014) and The Sindh Fisheries

Ordinance of 1980 aim to promote sustainable fishing and

control overfishing. Particularly, section 2 of the National Policy

put emphasis on controlling various aspects of overfishing

(Government of Pakistan, 2007). Moreover, Pakistan is a signatory

to the FAO, therefore, it should follow responsible fishing practices

(Food and Agriculture Organization, 1995) and strive to achieve SDG

14. However, the desired output is not witnessed until now. It is

reported that the number of operational trawlers is double the

recommended ones contributing in overfishing heavily (USAID,

2014). A majority of the survey participants, 69%, expressed

concerns about the implementation of regulations. According to

them, some fishermen, even those caught doing overfishing, cannot

be punished properly. Moreover, penalty procedures have significant

flaws and cannot improve the situation.

There are multiple concerns pertaining to the sustainable use of

fishing resources and the management of overexploitation. Inadequate

data is an impediment to the conservation of commercially important

species, as species are frequently clustered together, hence complicating

the decision-making process. The successful mitigation of overfishing

necessitates a robust political determination to enforce regulations

(Government of Pakistan, 2007). To address overfishing, it is necessary

to strengthen and enforce fisheries rules, as well as establish
FIGURE 4

Quadrant classification of sub-risks in Importance-performance analysis.
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comprehensive monitoring and surveillance systems. Fache and

Pauwels (2020) assert that there is a coordinated effort to promote

sustainable fishing methods and formulate fishery management plans

that are grounded in scientific data and adaptive techniques. According

to Noman et al. (2022), the establishment of closure seasons and the

regulation of mesh size can be effective strategies in mitigating the issue

of overfishing. Research indicates that the precautionary principle
Frontiers in Marine Science 11
should be applied in this context (Pan and Huntington, 2016). In

addition, it is crucial to enhance the public awareness on the

importance of adopting responsible fishing practices and

safeguarding the well-being of fish populations. Risk perception plays

a crucial role in the implementation of risk management strategies in

Pakistan. However, a significant proportion of survey respondents

(73%) reported a low levels of risk perception. They frequently

mentioned that these risks are either overlooked or tolerated rather

than being promptly reported and effectively addressed, which presents

a major obstacle in the overall risk management process.

This study also finds that existing regulations mostly address

general types of risks. There are several types of sub-risks reported in

this study such as seafood prices, marketing strategies, consumer

preferences, and tastes etc. that are very important but never

addressed in the regulations. Furthermore, some sub-risks, such as

overfishing, are frequently addressed in regulations, but the apparent

situation has not improved, raising major concerns about the

performance management of these sub-risks. About half of the

survey participants, 51%, reported poor management practices in

Pakistan. In contrast, 66% of respondents suggested extension
TABLE 5 Distribution of sub-risks in quadrant analysis.

Code Sub-Risks
Importance
Weights (%)

Performance
Weights (%)

Quadrant

a1 Transportation 4.432 3.524 1

a2 Cold storage 4.137 3.943 1

a3 Processing facilities 4.486 4.472 2

a4 Fishing equipment 3.511 3.374 3

a5 Processing technology 3.654 4.112 4

b1 Seafood prices 4.171 4.124 2

b2 Demand 4.408 3.892 1

b3 Marketing strategies 4.111 3.452 1

b4 Finance and credit 4.103 4.256 2

b5 Tariffs and taxes 3.621 3.836 3

c1 Overfishing 4.494 3.729 1

c2 Climate change 3.821 3.340 4

c3 Environmental disruption 4.386 4.079 2

c4 Illegal and unregulated fishing 3.886 3.616 3

d1 Fishing regulations 3.296 4.301 2

d2 Regulatory framework 4.018 3.689 1

d3 Investment 3.724 3.991 3

d4 Trade policies 3.555 3.384 3

e1 Consumer awareness 3.714 3.571 3

e2 Consumer preferences and tastes 4.021 4.322 2

e3 Seafood consumption 3.734 4.443 4

e4 Quality control and assurance mechanisms 4.181 4.125 2

e5 Seafood availability 4.214 3.627 1
TABLE 6 Validation of reliability.

Construct
No. of

questions
Cronbach’s

Alpha

Economic 5 0.938

Environmental 4 0.957

Policies and regulations 5 0.924

Socio-cultural 5 0.936

Infrastructure and logistics 5 0.952

Performance 4 0.887
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services to address the current situation. Therefore, more emphasis

should be placed on the performance evaluation of the existing

management regime.

There is a negative correlation between risks and performance.

Clearly, increasing risks will reduce the performance of the seafood

trade sector and jeopardize the attainment of SDG 2. Thus,

comprehensive management measures are needed to revive this

sector. Moreover, in Sindh, economic, environmental and

infrastructure and logistics risks affect performance. Whereas in

Balochistan economic, environmental, policies and regulations and

infrastructure and logistics affect performance. This difference in

the effect of risks on performance between provinces is regarded as

the mediating effect of risk perception. Thus, there is a need to

increase risk awareness levels through risk communication. This

process will automatically impact the relationship between risk

management and risk performance thus helping in the effective

risk management process. Moreover, there is also a need to address

cultural traditions. For instance, there is a seasonal consumption of

seafood in Pakistan during the winter season, particularly in the
Frontiers in Marine Science 12
inland areas. Fish is considered a “hot” food based on its perceived

effects on the body and is generally avoided in the summer season.

There is a need to change this cultural tradition by explaining the

benefits of consuming fish through education. Implementing

effective supply chain management practices ensures consistent

delivery and high customer satisfaction, which reduces demand

volatility (Ferrer-Perez and Gracia-de-Renteria, 2020).

Around 80% of the survey participants blamed poor seafood

quality issues for decreased trade volume. To build consumer

confidence in food safety a robust traceability system is still direly

needed. Unfortunately, due to persistent seafood quality issues, there

has been a cancellation of seafood trade orders from various countries

including the EU, Saudi Arabia, etc (The Fish Site, 2016; Business

Recorder, 2022). Another reported issue in the literature that is

significantly contributing to the risks of seafood consumption and

consumer preferences and tastes is pollution (Jilani, 2018). Pakistani

coastal waters are heavily affected by this problem. The general seafood

consumers therefore show less tendency to consume seafood

frequently. Thus, addressing pollution effectively and reinforcing
TABLE 7 The matrix representing the correlation between constructs.

Construct 1 2 3 4 5 6

Economic 0.821

Environmental 0.711*** 0.832

Policies and regulations 0.405*** 0.525*** 0.809

Socio-cultural 0.373*** 0.481*** 0.582*** 0.838

Infrastructure and logistics 0.476*** 0.334*** 0.471*** 0.661*** 0.817

Performance − 0.503*** − 0.451*** − 0.374*** − 0.457*** − 0.414*** 0.726
Bold values indicate average variance extracted.
Asterisk signs means significance.
TABLE 8 The matrix representing the correlation between constructs.

CMIN P AGFI GFI NFI TLI RMR CFI IFI
CMIN/
DF

Fit of Model 984.741 0.000 0.956 0.913 0.985 0.917 0.041 0.959 0.977 1.843

Standard ≥0.9 ≥0.9 ≥0.9 ≥0.9 <0.05 ≥0.9 ≥0.9 >1, <3
fr
TABLE 9 Mediating role of risk perception.

Risk effect on performance
Sindh Balochistan

Estimate CR Result Estimate CR Result

Economic → Performance 0.376 2.936*** Accept 0.464 3.122*** Accept

Environmental → Performance 0.367 3.251*** Accept − 0.343 − 3.495*** Accept

Policies and regulations → Performance − 0.073 0.383 Reject 0.381 3.226*** Accept

Socio-cultural → Performance 0.022 0.179 Reject − 0.051 − 0.331 Reject

Infrastructure and logistics → Performance 0.391 2.834*** Accept 0.287 2.845** Accept
Asterisk signs means significance.
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quality control mechanisms is the key to boosting seafood

consumption in Pakistan (Saher and Kanwal, 2019; Hori et al., 2020).
5.1 Implications, limitations, and future
research directions

This study provides valuable insights that can help mitigate seafood

trade risks in Pakistan. By comparing and prioritizing risks, this study

suggests a practical roadmap for mitigating risks according to their

hierarchy. Thus, it will help to develop more effective directional

management plans rather than blind ineffective management

practices. It also optimizes resource allocation which is very important

in the context of Pakistan where resources are extremely limited. The

core finding of this study is to increase risk awareness. Increasing risk

awareness can significantly improve management performance. Thus,

this study can help to make effective and feasible management policies

that are deemed necessary to revive the seafood trade in Pakistan and

achieve SDG 14 and 2. However, this study has some limitations. Such

as data collected for this study belongs to some specific geographic

region that may be unable to reflect a complete and real picture of the

country’s entire seafood trade landscape. Moreover, data collection time

does not span over the whole year whichmay result inmissing temporal

variation of risk perception. In addition, the statistical method employed

in this study also confers their own inherent disadvantages that must

also be considered. Collected data entirely reflects stakeholders’

perception of risks thus there are chances of biases. Furthermore, risks

associated with trade are dynamic in nature thus current evaluation of

risks can be different from the future situation.

Several opportunities for further research emerge based on the

findings of this study. For instance, a more detailed analysis of the sub-

risks within each primary risk category is necessary. Moreover,

expanding the geographic scope of the study within Pakistan can

provide insights into how risks differ across different regions. Studies

based on the data collected through a single stakeholder group can yield

group-specific results that can be helpful to efficient resource allocation

and targeted solutions. In addition, studies related to the evolution of

risks and their temporal dynamics can be a good opportunity for future

research. Furthermore, conducting comparative analyses with other

developing countries with substantial seafood trade can yield insights

into the context-specificity of risk management strategies. Additionally,

research focusing on the enhancement of extension services can offer

practical insights for policy and practice.
6 Conclusion

The findings of this pioneering study shed light on the complex

and multifaceted risks plaguing the seafood trade in Pakistan. The

research revealed that environmental risks, infrastructure, and logistics

risks are the two dominant risk categories influencing the seafood
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trade. Economic risks, socio-cultural risks, and policies and regulations

risks also play significant roles, but they are comparatively less

influential. Applying multi-criteria decision-making techniques,

including fuzzy AHP and IPA, and multivariate analysis, including

AMOS, allowed for a comprehensive statistical understanding of the

data. This analysis identified specific sub-risks that demand immediate

managerial attention due to their high importance but low

performance, including transportation, cold storage, demand,

marketing strategies, overfishing, regulatory framework, and seafood

availability. It was evident from the survey respondents’ perspectives

that there is a low level of risk perception among stakeholders in the

seafood trade, and there needs to be more adequate management

regulations to address these risks effectively. The significance of this

research lies in its contribution to the literature by highlighting an

uncharted area of concern in the seafood trade of Pakistan and guiding

the formulation of targeted policy interventions to achieve SDGs 14

and 2. The study’s limitations include a restricted geographical focus

and incomplete temporal coverage of data, potentially limiting the

generalizability of findings. Methodological constraints and biases

inherent in stakeholder perception data further underscore the need

for cautious interpretation. Future research opportunities include

detailed sub-risk analysis, expanded regional studies within Pakistan,

and targeted investigations into temporal variations and stakeholder-

specific perspectives. Comparative studies with other developing

nations and efforts to enhance extension services present avenues for

advancing policy and practice in seafood trade risk management.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

MM: Formal analysis, Writing – original draft. AM: Data curation,

Methodology,Writing – review & editing, Investigation. HY:Writing –

review & editing, Investigation, Funding acquisition, Visualization.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This

research was funded by International Business Management

(grant number 2023gjkc02) and Achievements of the Oujiang

Youth Special Project for Philosophy and Social Sciences

Planning in Wenzhou City (Number: 16).
frontiersin.org

https://doi.org/10.3389/fmars.2024.1420755
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Mohsin et al. 10.3389/fmars.2024.1420755
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Marine Science 14
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fmars.2024.

1420755/full#supplementary-material
References
Abdullah, M. F., Siraj, S., and Hodgett, R. E. (2021). An overview of multi-criteria
decision analysis (MCDA) application in managing water-related disaster events:
analyzing 20 years of literature for flood and drought events. Water. 13, 1358.
doi: 10.3390/w13101358
Al-Husain, R., and Khorramshahgol, R. (2020). Incorporating analytical hierarchy

process and goal programming to design responsive and efficient supply chains. Oper.
Res. Perspect. 7, 100149. doi: 10.1016/j.orp.2020.100149
Ali, M., Yongtong, M., Oad, S., Shah, S. B. H., Kalhoro, M. A., Kalhoro, M. T., et al.

(2020). A comparative analysis on expansion of Pakistan fisheries trade: World &
China. Indian J. Geo-Mar Sci. 49, 1643–1650.

Allison, E. H., Perry, A. L., Badjeck, M. C., Neil Adger, W., Brown, K., Conway, D.,
et al. (2009). Vulnerability of national economies to the impacts of climate change on
fisheries. Fish Fish. 10, 173–196. doi: 10.1111/j.1467-2979.2008.00310.x

Amadu, I., Armah, F. A., Aheto, D. W., and Adongo, C. A. (2021). A study on
livelihood resilience in the small-scale fisheries of Ghana using a structural equation
modelling approach. Ocean Coast. Manage. 215, 105952. doi: 10.1016/
j.ocecoaman.2021.105952

Asche, F., Cojocaru, A. L., Pincinato, R. B., and Roll, K. H. (2020). Production risk in
the Norwegian fisheries. Environ. Resour. Econ. 75, 137–149. doi: 10.1007/s10640-019-
00391-2

Atif, R. M., Haiyun, L., and Mahmood, H. (2017). Pakistan's agricultural exports,
determinants and its potential: an application of stochastic frontier gravity model. J. Int.
Trade Econ. Dev. 26, 257–276. doi: 10.1080/09638199.2016.1243724

Azzopardi, E., and Nash, R. (2013). A critical evaluation of importance-performance
analysis. Tour. Manage. 35, 222–233. doi: 10.1016/j.tourman.2012.07.007

Buckley, J. J. (1985). Fuzzy hierarchical analysis. Fuzzy Sets Syst. 17, 233–247.
doi: 10.1016/0165-0114(85)90090-9

Business Recorder (2022). (EU lifts ban on one more Pak seafood company).
Available online at: https://www.brecorder.com/news/40215513/eu-lifts-ban-on-one-
more-pak-seafood-company (Accessed September 17, 2023).

Chan, F. T. S., and Kumar, N. (2007). Global supplier development considering risk
factors using fuzzy extended AHP-based approach. Omega. 35, 417–431. doi: 10.1016/
j.omega.2005.08.004

Chang, D. Y. (1996). Applications of the extent analysis method on fuzzy AHP. Eur.
J. Oper. Res. 95, 649–655. doi: 10.1016/0377-2217(95)00300-2

Dahl, R. E., and Oglend, A. (2014). Fish price volatility. Mar. Resour. Econ. 29, 305–
322. doi: 10.1086/678925

Das, M., Das, A., and Pandey, R. (2022). Importance-performance analysis of
ecosystem services in tribal communities of the Barind region, Eastern India. Ecosyst.
Serv. 55, 101431. doi: 10.1016/j.ecoser.2022.101431

DAWN. (2017). Fish exports up by 21pc. Available online at: https://www.dawn.com/
news/1346749 (Accessed October 22, 2023).

Diaz, I., Mello, A. L., Salhi, M., Spinetti, M., Bessonart, M., and Achkar, M. (2017).
Multiscalar land suitability assessment for aquaculture production in Uruguay. Aquac.
Res. 48, 3052–3065. doi: 10.1111/are.2017.48.issue-6

Dong, C. V., and Truong, H. Q. (2023). Determinants and potential of seafood trade:
evidence from a transitional economy. Foreign Trade Rev. 58, 428–454. doi: 10.1177/
00157325221077003

Dursun, M., and Karsak, E. E. (2010). A fuzzy MCDM approach for personnel
selection. Expert Syst. Appl. 37, 4324–4330. doi: 10.1016/j.eswa.2009.11.067
Employers Federation of Pakistan (2019). Employers’ perspective on China-Pakistan
free tarde agreement (CPFTA) on 313 tariff lines. Available online at: https://efp.org.pk/
wp-content/uploads/2020/01/Fisheries-Industry-and-Trade-with-China-under-
CPFTA-Phase-2.pdf (Accessed November 26. 2023).

Eriksson, B., Johansson, F., and Blicharska, M. (2019). Socio-economic impacts of
marine conservation efforts in three Indonesian fishing communities. Mar. Pol. 103,
59–67. doi: 10.1016/j.marpol.2019.02.007

Fache, E., and Pauwels, S. (2020). Tackling coastal “overfishing” in Fiji:
advocating for indigenous worldview, knowledge, and values to be the backbone
of fisheries management strategies. Marit. Stud. 19, 41–52. doi: 10.1007/s40152-
020-00162-6

Farmery, A. K., Alexander, K., Anderson, K., Blanchard, J. L., Carter, C. G., Evans, K.,
et al. (2022). Food for all: designing sustainable and secure future seafood systems. Rev.
Fish Biol. Fish. 32, 101–121. doi: 10.1007/s11160-021-09663-x

Feng, W., Winther, U., and Ziegler, F. (2000). Consumer attitudes towards more
sustainable food choices. Appetite. 62, 7–16.

Ferrer-Perez, H., and Gracia-de-Renteria, P. (2020). Asymmetric price volatility
transmission in the Spanish fresh wild fish supply chain.Mar. Resour. Econ. 35, 65–81.
doi: 10.1086/707786
Food and Agriculture Organization. (1995). Code of conduct for responsible fisheries.

Available online at: https://www.fao.org/3/v9878e/v9878e00.htm (Accessed September
26, 2023).

Food and Agriculture Organization. (2023). FishStatJ - Software for Fishery and
Aquaculture Statistical Time Series. Available online at: https://www.fao.org/fishery/en/
topic/166235?lang=en (Accessed November 24, 2023).

Gephart, J. A., Deutsch, L., Pace, M. L., Troell, M., and Seekell, D. A. (2017). Shocks
to fish production: identification, trends, and consequences. Global Environ. Change 42,
24–32. doi: 10.1016/j.gloenvcha.2016.11.003

Giamalaki, M., and Tsoutsos, T. (2019). Sustainable siting of solar power installations
in Mediterranean using a GIS/AHP approach. Renew. Energy. 141, 64–75. doi: 10.1016/
j.renene.2019.03.100

Government of Pakistan. (2007). National policy and strategy for fisheries and
aquaculture development in Pakistan. Available online at: http://faolex.fao.org/docs/
pdf/pak150786.pdf (Accessed November 11 2023).

Government of Pakistan. (2015). Study on reasons of decline in exports of Pakistan.
Available online at: https://ntc.gov.pk/wp-content/uploads/2016/05/Study-on-
Reasons-of-Decline-in-Exports.pdf (Accessed October 16 2023).

Gray, S. A., Ives, M. C., Scandol, J. P., and Jordan, R. C. (2010). Categorising the risks
in fisheries management. Fish. Manage. Ecol. 17, 501–512. doi: 10.1111/j.1365-
2400.2010.00749.x

Hannouf, M., and Assefa, G. (2018). A life cycle sustainability assessment-based
decision-analysis framework. Sustainability. 10, 3863. doi: 10.3390/su10113863

Haseeb-ur-Rehman, M., Munshi, A. B., Atique, U., and Kalsoom, S. (2023). Metal
pollution and potential human health risk assessment in major seafood items (fish,
crustaceans, and cephalopods). Mar. pollut. Bull. 188, 114581. doi: 10.1016/
j.marpolbul.2023.114581

Havle, C. A., and Kilic, B. (2019). A hybrid approach based on the fuzzy AHP andHFACS
framework for identifying and analyzing gross navigation errors during transatlantic flights. J.
Air Transp. Manage. 76, 21–30. doi: 10.1016/j.jairtraman.2019.02.005

Hori, J., Wakamatsu, H., Miyata, T., and Oozeki, Y. (2020). Has the consumers
awareness of sustainable seafood been growing in Japan? implications for promoting
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fmars.2024.1420755/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmars.2024.1420755/full#supplementary-material
https://doi.org/10.3390/w13101358
https://doi.org/10.1016/j.orp.2020.100149
https://doi.org/10.1111/j.1467-2979.2008.00310.x
https://doi.org/10.1016/j.ocecoaman.2021.105952
https://doi.org/10.1016/j.ocecoaman.2021.105952
https://doi.org/10.1007/s10640-019-00391-2
https://doi.org/10.1007/s10640-019-00391-2
https://doi.org/10.1080/09638199.2016.1243724
https://doi.org/10.1016/j.tourman.2012.07.007
https://doi.org/10.1016/0165-0114(85)90090-9
https://www.brecorder.com/news/40215513/eu-lifts-ban-on-one-more-pak-seafood-company
https://www.brecorder.com/news/40215513/eu-lifts-ban-on-one-more-pak-seafood-company
https://doi.org/10.1016/j.omega.2005.08.004
https://doi.org/10.1016/j.omega.2005.08.004
https://doi.org/10.1016/0377-2217(95)00300-2
https://doi.org/10.1086/678925
https://doi.org/10.1016/j.ecoser.2022.101431
https://www.dawn.com/news/1346749
https://www.dawn.com/news/1346749
https://doi.org/10.1111/are.2017.48.issue-6
https://doi.org/10.1177/00157325221077003
https://doi.org/10.1177/00157325221077003
https://doi.org/10.1016/j.eswa.2009.11.067
https://efp.org.pk/wp-content/uploads/2020/01/Fisheries-Industry-and-Trade-with-China-under-CPFTA-Phase-2.pdf
https://efp.org.pk/wp-content/uploads/2020/01/Fisheries-Industry-and-Trade-with-China-under-CPFTA-Phase-2.pdf
https://efp.org.pk/wp-content/uploads/2020/01/Fisheries-Industry-and-Trade-with-China-under-CPFTA-Phase-2.pdf
https://doi.org/10.1016/j.marpol.2019.02.007
https://doi.org/10.1007/s40152-020-00162-6
https://doi.org/10.1007/s40152-020-00162-6
https://doi.org/10.1007/s11160-021-09663-x
https://doi.org/10.1086/707786
https://www.fao.org/3/v9878e/v9878e00.htm
https://www.fao.org/fishery/en/topic/166235?lang=en
https://www.fao.org/fishery/en/topic/166235?lang=en
https://doi.org/10.1016/j.gloenvcha.2016.11.003
https://doi.org/10.1016/j.renene.2019.03.100
https://doi.org/10.1016/j.renene.2019.03.100
http://faolex.fao.org/docs/pdf/pak150786.pdf
http://faolex.fao.org/docs/pdf/pak150786.pdf
https://ntc.gov.pk/wp-content/uploads/2016/05/Study-on-Reasons-of-Decline-in-Exports.pdf
https://ntc.gov.pk/wp-content/uploads/2016/05/Study-on-Reasons-of-Decline-in-Exports.pdf
https://doi.org/10.1111/j.1365-2400.2010.00749.x
https://doi.org/10.1111/j.1365-2400.2010.00749.x
https://doi.org/10.3390/su10113863
https://doi.org/10.1016/j.marpolbul.2023.114581
https://doi.org/10.1016/j.marpolbul.2023.114581
https://doi.org/10.1016/j.jairtraman.2019.02.005
https://doi.org/10.3389/fmars.2024.1420755
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Mohsin et al. 10.3389/fmars.2024.1420755
sustainable consumerism at the Tokyo 2020 Olympics and Paralympics. Mar. Policy
115, 103851. doi: 10.1016/j.marpol.2020.103851

Iqbal, Z., Pervaiz, K., and Javed, M. N. (2013). Population dynamics of Tor macrolepis
(Teleostei: Cyprinidae) and other fishes of Attock region, Pakistan. Can. J. Pur. App.
Sci. 7, 2195–2201.

Jilani, S. (2018). Present pollution profile of Karachi coastal waters. J. Coast. Conser.
22, 325–332. doi: 10.1007/s11852-017-0581-x

Kaczan, D. J., and Patil, P. G. (2020). Potential development contribution of fisheries
reform: evidence from Pakistan. J. Environ. Dev. 29, 275–305. doi: 10.1177/
1070496520925878

Kalhoro, M. A., Liu, Q., Waryani, B., Panhwar, S. K., and Memon, K. H. (2014).
Growth and mortality of Brushtooth lizardfish, Saurida undosquamis, from Pakistani
waters. Pak. J. Zool 46, 139–151.

Khan, S. R., and Khan, S. R. (2011). Fishery degradation in Pakistan: a poverty–
environment nexus? Can. J. Dev. Stud. 32, 32–47. doi: 10.1080/02255189.2011.576140

Kumar, U., Helen, A. M., Das, J., Parvez, M. S., Biswas, S. K., and Ray, S. (2019).
Unraveling the hidden truth in a poorly managed ecosystem: the case of discarded
species of conservation interest in Bangladesh industrial marine fisheries. Reg. Stud.
Mar. Sci. 32, 100813. doi: 10.1016/j.rsma.2019.100813

Lebiedzinska, A., Kostrzewa, A., Ryskiewicz, J., Zbikowski, R., and Szefer, P. (2006).
Preferences, consumption and choice factors of fish and seafood among university
students. Pol. J. Food Nutr. Sci. 56, 91–96.

Leroy, A., Galletti, F., and Chaboud, C. (2016). The EU restrictive trade measures
against IUU fishing. Mar. Pol. 64, 82–90. doi: 10.1016/j.marpol.2015.10.013

Ma, H., Huang, S., Wang, M., Chan, C., and Lin, X. (2022). Evaluating tourist
experience of rural homestays in coastal areas by importance–performance analysis: a
case study of homestay in Dapeng new district, Shenzhen, China. Sustainability. 14,
6447. doi: 10.3390/su14116447

Manning, D. T., Taylor, J. E., and Wilen, J. E. (2018). General equilibrium tragedy of
the commons. Environ. Resource Econ. 69, 75–101. doi: 10.1007/s10640-016-0066-7

Mardle, S., and Pascoe, S. (1999). A review of applications of multiple-criteria
decision-making techniques to fisheries. Mar. Resour. Econ. 14, 41–63. doi: 10.1086/
mre.14.1.42629251

Marine Fisheries Department. (2012). Handbook of statistics of Pakistan Vol. 20
(Pakistan: Karachi, Government of Pakistan). 217 p.

McDonald, R. P., and Ho, M. -H. R.. (2002). Principles and practice in reporting
structural equation analyses. Psychol. Methods. 7, 64–82. doi: 10.1037/1082-989X.7.1.64

Mehak, A., Mu, Y. T., and Mohsin, M. (2020). A preliminary study on the shrimp
fishery in Pakistan. Indian J. Geo-Mar. Sci. 49, 559–566.

Mehak, A., Mu, Y. T., Mohsin, M., Noman, M., and Memon, A. M. (2018).
Bioeconomic analysis and management aspects of metapenaeus shrimp fisheries in
Pakistan. Indian J. Geo-Mar. Sci. 47, 1413–1419.

Mehak, A., Mu, Y. T., Mohsin, M., and Zhang, X. C. (2023). MCDM-based ranking
and prioritization of fisheries’ risks: a case study of Sindh, Pakistan. Sustainability. 15,
8519. doi: 10.3390/su15118519

MFF Pakistan. (2016). A handbook on Pakistan’s coastal and marine resources.
Available online at: https://m.mangrovesforthefuture.org/assets/Repository/
Documents/A-Handbook-on-Pakistan-Coastal-and-Marine-Resources.pdf (Accessed
September 26, 2023).

Mohsin, M., Mu, Y. T., Memon, A. M., Akhter, N., Noman, M., Nazir, K., et al.
(2017). Molluscan fisheries in Pakistan: trends in capture production, utilization and
trade. Indian J. Geo-Mar. Sci. 46, 929–935.

Morgan, R. (2017). An investigation of constraints upon fisheries diversification
using the Analytic Hierarchy Process (AHP). Mar. Pol. 86, 24–30. doi: 10.1016/
j.marpol.2017.05.037

Narayanan, A. (2012). A review of eight software packages for structural equation
modeling. Am. Stat. 66, 129–138. doi: 10.1080/00031305.2012.708641

Noman, M., Mu, Y. T., Nisar, U., Mohsin, M., and Memon, A. M. (2022). Constraint
analysis of major problems facing the marine fisheries sector in accordance with the
national fisheries policy of Pakistan. Indian J. Mar. Sci. 51, 94–103.

Pan, M., and Huntington, H. P. (2016). A precautionary approach to fisheries in the
Central Artic Ocean: Policy, science, and China. Mar. Pol. 63, 153–157. doi: 10.1016/
j.marpol.2015.10.015

Panhwar, S. K., Farooq, N., Qamar, N., and Awan, K. P. (2016). Increasing trends in
capture offish juveniles and sub-adults: a red signal for fishery resources. Indian J. Mar.
Sci. 45, 784–788.
Pascoe, S. D., Plaganyi, E. E., and Dichmont, C. M. (2017). Modelling multiple

management objectives in fisheries: Australian experiences. ICES J. Mar. Sci. 74, 464–
474. doi: 10.1093/icesjms/fsw051

Qasim, M., Qasim, S., and Nazir, N. (2020). Factors affecting fish consumption of
traditional subsistence Fishers in Khyber Pakhtunkhwa, Pakistan. Mar. Sci. Tech. Bull.
9, 178–187. doi: 10.33714/masteb.744894

Rehman, A., Deyuan, Z., Hena, S., and Chandio, A. A. (2019). Do fisheries and
aquaculture production have dominant roles within the economic growth of Pakistan?
a long-run and short-run investigation. Br. Food J. 121, 1926–1935. doi: 10.1108/BFJ-
01-2019-0005
Frontiers in Marine Science 15
Rust, M. B., Amos, K. H., Bagwill, A. L., Dickhoff, W. W., Juarez, L. M., Price, C. S.,
et al. (2014). Environmental performance of marine net-pen aquaculture in the United
States. Fisheries. 39, 508–524. doi: 10.1080/03632415.2014.966818

Saaty, T. L. (1977). A scaling method for priorities in hierarchical structures. J. Math.
Psychol. 15, 234–281. doi: 10.1016/0022-2496(77)90033-5

Saaty, T. L. (2008). Decision making with the analytic hierarchy process. Int. J. Serv.
Sci. 1, 83–98. doi: 10.1504/IJSSCI.2008.017590

Saher, N. U., and Kanwal, N. (2019). Assessment of some heavy metal accumulation
and nutritional quality of shellfish with reference to human health and cancer risk
assessment: a seafood safety approach. Environ. Sci. pollut. Res. 26, 518–5201.
doi: 10.1007/s11356-018-3764-6

Saleem, M., Iqbal, J., Shi, Z., Garrett, S. H., and Shah, M. H. (2022). Distribution and
bioaccumulation of essential and toxic metals in tissues of Thaila (Catla catla) from a
Natural Lake, Pakistan and its possible health impact on consumers. J. Mar. Sci. Eng.
10, 933. doi: 10.3390/jmse10070933

Salik, K. M., Jahangir, S., and ul Hasson, S. (2015). Climate change vulnerability and
adaptation options for the coastal communities of Pakistan. Ocean Coast. Manag 112,
61–73. doi: 10.1016/j.ocecoaman.2015.05.006

Sawitri, B., Amanah, S., Saleh, A., Vitayala, A., and Hubeis, S. (2020). Development
strategies of extension service performance using Importance Performance Analysis
and Customer Satisfaction Index methods in Bondowoso, East Java, Indonesia. Int. J.
Adv. Sci. Technol. 29, 5663–5677.

Scherrer, K., and Galbraith, E. (2020). Regulation strength and technology creep play
key roles in global long-term projections of wild capture fisheries. ICES J. Mar. Sci. 77,
2518–2528. doi: 10.1093/icesjms/fsaa109

Sethi, S. A. (2010). Risk management for fisheries. Fish Fish. 11, 341–365.
doi: 10.1111/j.1467-2979.2010.00363.x

Shabir, S., and Kazmi, R. (2007). Economic effects of the recently signed Pak-China
free trade agreement. Lahore J. Econ. 9, 173–202. doi: 10.35536/lje

Shafi, J., Waheed, K. N., Zafarullah, M., Mirza, Z. S., and Yaqoob, S. S. (2020). Effect
of icing on quality of silver carp during frozen storage. J. Food Process. Preser. 44,
e14654. doi: 10.1111/jfpp.14654

Shah, S. B. H., Mu, Y., Mohsin, M., Pavase, T. R., Talib, M., Kalhoro, A. M. M., et al.
(2017). An economic analysis of the fisheries sector in Pakistan, (1950-2013) with
recommendations for promoting its mariculture development. Indian J. Mar. Sci. 46, 1–10.

Sharif, M., Niazi, M. A., and Jabbar, A. (2014). Seafood exports: challenges and way
forward. Pak. J. Agric. Res. 27, 331–339.

Shek, D. T., and Yu, L. (2014). Confirmatory factor analysis using AMOS: a
demonstration. Int. J. Disabil. Hum. Dev. 13, 191–204. doi: 10.1515/ijdhd-2014-0305

Subramanian, N., and Ramanathan, R. (2012). A review of applications of Analytic
Hierarchy Process in operations management. Int. J. Prod. Econ. 138, 215–241.
doi: 10.1016/j.ijpe.2012.03.036

Sumaila, U. R., Bellmann, C., and Tipping, A. (2016). Fishing for the future: an
overview of challenges and opportunities. Mar. Pol. 69, 173–180. doi: 10.1016/
j.marpol.2016.01.003

Takyi, R., Addo, C., El Mahrad, B., Adade, R., ElHadary, M., Nunoo, F. K. E., et al.
(2023). Marine fisheries management in the Eastern Central Atlantic Ocean. Ocean
Coast. Manage. 244, 106784. doi: 10.1016/j.ocecoaman.2023.106784

Teniwut, W., Marimin, M., and Djatna, T. (2019). GIS-Based multi-criteria decision
making model for site selection of seaweed farming information centre: A lesson from
small islands, Indonesia. Decis. Sci. Lett. 8, 137–150. doi: 10.5267/j.dsl.2018.8.001

The Fish Site. (2007). EU bans fish imports from Pakistan. Available online at: https://
thefishsite.com/articles/eu-bans-fish-imports-from-Pakistan (Accessed November 3, 2023).

The Fish Site. (2016). Saudi Arabia bans shrimp imports from Pakistan. Available
online at: https://thefishsite.com/articles/saudi-arabia-bans-shrimp-imposrts-from-
Pakistan (Accessed December 9, 2023).

The World Bank. (2018). Revitalizing Pakistan’s fisheries. Options for sustainable
development. Available online at: https://documents1.worldbank.org/curated/en/
122481529566117025/pdf/Revitalizing-Pakistan-s-Fisheries-Options-for-Sustainable-
Development.pdf (Accessed October 16, 2023).

Tingley, D., Asmundsson, J., Borodzicz, E., Conides, A., Drakeford, B., Eovarosson, I.
R., et al. (2010). Risk identification and perception in the fisheries sector: comparisons
between the Faroes, Greece, Iceland and UK. Mar. Pol. 34, 1249–1260. doi: 10.1016/
j.marpol.2010.05.002

Trigui, S., Cheikhrouhou, O., Koubaa, A., Zarrad, A., and Youssef, H. (2018). An
analytical hierarchy process-based approach to solve the multi-objective multiple
traveling salesman problem. Intell. Serv. Robot. 11, 355–369. doi: 10.1007/s11370-
018-0259-8

USAID. (2014). Fisheries policy report and recommendations for Sindh. Available online
at: https://pdf.usaid.gov/pdf_docs/PA00K7T7.pdf (Accessed November 7, 2023).

Vaidya, O. S., and Kumar, S. (2006). Analytic hierarchy process: an overview of
applications. Eur. J. Oper. Res. 169, 1–29. doi: 10.1016/j.ejor.2004.04.028

Varkey, D. A., McAllister, M. K., Askey, P. J., Parkinson, E., Clarke, A., and Godin, T.
(2016). Multi-criteria decision analysis for recreational trout fisheries in British
Columbia, Canada: a Bayesian network implementation. N. Am. J. Fish. Manage. 36,
1457–1472. doi: 10.1080/02755947.2016.1215357
frontiersin.org

https://doi.org/10.1016/j.marpol.2020.103851
https://doi.org/10.1007/s11852-017-0581-x
https://doi.org/10.1177/1070496520925878
https://doi.org/10.1177/1070496520925878
https://doi.org/10.1080/02255189.2011.576140
https://doi.org/10.1016/j.rsma.2019.100813
https://doi.org/10.1016/j.marpol.2015.10.013
https://doi.org/10.3390/su14116447
https://doi.org/10.1007/s10640-016-0066-7
https://doi.org/10.1086/mre.14.1.42629251
https://doi.org/10.1086/mre.14.1.42629251
https://doi.org/10.1037/1082-989X.7.1.64
https://doi.org/10.3390/su15118519
https://m.mangrovesforthefuture.org/assets/Repository/Documents/A-Handbook-on-Pakistan-Coastal-and-Marine-Resources.pdf
https://m.mangrovesforthefuture.org/assets/Repository/Documents/A-Handbook-on-Pakistan-Coastal-and-Marine-Resources.pdf
https://doi.org/10.1016/j.marpol.2017.05.037
https://doi.org/10.1016/j.marpol.2017.05.037
https://doi.org/10.1080/00031305.2012.708641
https://doi.org/10.1016/j.marpol.2015.10.015
https://doi.org/10.1016/j.marpol.2015.10.015
https://doi.org/10.1093/icesjms/fsw051
https://doi.org/10.33714/masteb.744894
https://doi.org/10.1108/BFJ-01-2019-0005
https://doi.org/10.1108/BFJ-01-2019-0005
https://doi.org/10.1080/03632415.2014.966818
https://doi.org/10.1016/0022-2496(77)90033-5
https://doi.org/10.1504/IJSSCI.2008.017590
https://doi.org/10.1007/s11356-018-3764-6
https://doi.org/10.3390/jmse10070933
https://doi.org/10.1016/j.ocecoaman.2015.05.006
https://doi.org/10.1093/icesjms/fsaa109
https://doi.org/10.1111/j.1467-2979.2010.00363.x
https://doi.org/10.35536/lje
https://doi.org/10.1111/jfpp.14654
https://doi.org/10.1515/ijdhd-2014-0305
https://doi.org/10.1016/j.ijpe.2012.03.036
https://doi.org/10.1016/j.marpol.2016.01.003
https://doi.org/10.1016/j.marpol.2016.01.003
https://doi.org/10.1016/j.ocecoaman.2023.106784
https://doi.org/10.5267/j.dsl.2018.8.001
https://thefishsite.com/articles/eu-bans-fish-imports-from-Pakistan
https://thefishsite.com/articles/eu-bans-fish-imports-from-Pakistan
https://thefishsite.com/articles/saudi-arabia-bans-shrimp-imposrts-from-Pakistan
https://thefishsite.com/articles/saudi-arabia-bans-shrimp-imposrts-from-Pakistan
https://documents1.worldbank.org/curated/en/122481529566117025/pdf/Revitalizing-Pakistan-s-Fisheries-Options-for-Sustainable-Development.pdf
https://documents1.worldbank.org/curated/en/122481529566117025/pdf/Revitalizing-Pakistan-s-Fisheries-Options-for-Sustainable-Development.pdf
https://documents1.worldbank.org/curated/en/122481529566117025/pdf/Revitalizing-Pakistan-s-Fisheries-Options-for-Sustainable-Development.pdf
https://doi.org/10.1016/j.marpol.2010.05.002
https://doi.org/10.1016/j.marpol.2010.05.002
https://doi.org/10.1007/s11370-018-0259-8
https://doi.org/10.1007/s11370-018-0259-8
https://pdf.usaid.gov/pdf_docs/PA00K7T7.pdf
https://doi.org/10.1016/j.ejor.2004.04.028
https://doi.org/10.1080/02755947.2016.1215357
https://doi.org/10.3389/fmars.2024.1420755
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Mohsin et al. 10.3389/fmars.2024.1420755
Vyas, G. S., Jha, K. N., and Patel, D. A. (2019). Development of green building rating
system using AHP and fuzzy integrals: a case of India. J. Archit. Eng. 25, 04019004.
doi: 10.1061/(ASCE)AE.1943-5568.0000346

Wind, Y., and Saaty, T. L. (1980). Marketing applications of the analytic hierarchy
process. Manage. Sci. 7, 641–658. doi: 10.1287/mnsc.26.7.641

Wu, T. H., Chen, C. H., Mao, N., and Lu, S. T. (2017). Fishmeal supplier evaluation
and selection for aquaculture enterprise sustainability with a fuzzy MCDM approach.
Symmetry. 9, 286. doi: 10.3390/sym9110286
Frontiers in Marine Science 16
Wu, E. M. Y., Tsai, C. C., Cheng, J. F., Kuo, S. L., and Lu, W. T. (2014). The
application of water quality monitoring data in a reservoir watershed using AMOS
confirmatory factor analyses. Environ. Model. Assess. 19, 325–333. doi: 10.1007/s10666-
014-9407-5

Yeo, A. D., and Deng, A. (2019). The trade policy effect in international trade: case of
Pakistan. J. Econ. Struct. 8, 43. doi: 10.1186/s40008-019-0169-8

Zahir, S. (2023). The impact of high population on economic development of
Pakistan. JPID 8, 36–45. doi: 10.47604/jpid.1800
frontiersin.org

https://doi.org/10.1061/(ASCE)AE.1943-5568.0000346
https://doi.org/10.1287/mnsc.26.7.641
https://doi.org/10.3390/sym9110286
https://doi.org/10.1007/s10666-014-9407-5
https://doi.org/10.1007/s10666-014-9407-5
https://doi.org/10.1186/s40008-019-0169-8
https://doi.org/10.47604/jpid.1800
https://doi.org/10.3389/fmars.2024.1420755
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Sustainable solutions: exploring risks and strategies in Pakistan’s seafood trade for marine conservation
	1 Introduction
	2 Literature review and conceptual framework
	2.1 MCDA
	2.2 Economic risks
	2.3 Environmental risks
	2.4 Policies and regulations risks
	2.5 Socio-cultural risks
	2.6 Infrastructure and logistics risks

	3 Materials and methods
	3.1 Technical route and study framework
	3.2 Risk classification
	3.3 Formulation of questionnaire survey
	3.4 Data collection
	3.5 Data analysis
	3.6 Fuzzy analytic hierarchy process
	3.6.1 Fuzzy matrix
	3.6.2 Estimation of fuzzy weights
	3.6.3 Calculation of crisp number

	3.7 Importance performance analysis
	3.8 Analysis of moment structures

	4 Results
	4.1 Demographic characteristics of survey participants
	4.2 Fuzzy AHP rankings of main risks by using local weights
	4.3 Fuzzy AHP rankings of all sub-risks by using global weights
	4.4 IPA rankings of main risks
	4.5 Improvement assessment analysis
	4.6 Validation of reliability
	4.7 Correlation between constructs
	4.8 Validation of structure equation modelling
	4.9 Mediating effect of risk perception

	5 Discussion
	5.1 Implications, limitations, and future research directions

	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


