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This study attempts to determine the effects and strength of association of several techno-economic factors affecting the
revenue for a sample of open-access inshore longline boats in the coastal waters of Pakistan. Prior research focuses on two non-
parametric test statistics, namely Spearman’s rank correlation and Kendall’s coefficient of concordance for the estimation of
coefficients due to the non-normal distribution of the data. The estimated values of correlation coefficients for the catch
(Prevenue, cach = 0.721, 7, = 0.567), trips (Prevenue, tips = 0.707, 7, = 0.574) and crew (Prevenue, crew = 0.715, 7, = 0.587) indicates a
strong positive relationship on revenue generation. Similarly, the intercorrelations between the crew on the catch (Perew, catch =
0.56, 7, = 0.45) and crew on trips (Perew, wips = 0.55 7, = 0.47) also show a strong positive association in Spearman’s rank
correlation while the Kendall’s correlation shows a weak relationship. Furthermore, the estimated values of engine speed show
a very weak association with revenue (prevenve, engine = 0.25, 7, = 0.18). Conclusively, the revenue increases with the increase in
fish catch, sea trips and the number of crew members on board. Additionally, the results of engine speed signify that the coastal
fishery is a less fuel-efficient and economically viable business for the fishermen community in the country.
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Introduction

Coastal or inshore fisheries have been playing a
significant role in the upsurge of production levels from
fisheries by the development of modernization of fishing
fleets and gears over the last five decades. Despite its
significance, the information regarding the impact of the
artisanal or small-scale fisheries sector to income
generation and economic growth has been scarce in
many developing countries'. In fact, the shore-based
fisheries are considered to be the most sustainable in
comparison to the industrial or large-scale fisheries’.
Notwithstanding, the marine capture fisheries of
Pakistan has been playing a pivotal role in the national
economy with the steady export potential of 131,000
tons with value $226 m since 2011"" . However, the
country’s fishery is divided into three major sub-sectors,
viz. coastal or inshore, industrial offshore and deep-sea
fisheries. Besides, the territorial range of coastal or
inshore fisheries was about 12 nautical miles (NM) from
the shoreline while mainly gillnet and longline gears
were used during certain fishing seasons® (Fig. 1).
Indeed, the inshore longline fishery was done by the
medium to large fiberglass and wooden boats locally
termed as “Dhoonda”. Specifically, the overall length of

the boats was more than 35ft with an operational range
of 8-14 days of fishing trips and catches various kinds of
pelagic and demersal fishes’. On the contrary, the shore-
based fisheries have been ignored by the fishery
managers, policy-makers and scientists due to the
paucity of economic and biological data. In this regard,
the work of Kolding et al® has documented the
importance of coastal fisheries by discussing the
relationship of small-scale fisheries from the
conservation and governance perspective. Moreover,
several studies also indicated the profitability and
production capabilities of small-scale fisheries’. Similar
studies also revealed the profitability of coastal fisheries
by documenting the relationship of fish species with
respect to gear specification®. Apart from these, the work
of Asiyah et al’ reported the factors affecting the
inshore fisheries in terms of technical efficiency.

So far, however, there has been little discussion in the
literature about the techno-economic factors affecting the
income generation in coastal or inshore fisheries.
Therefore, the main purpose of this research is to examine
the effects and strength of the association of several
techno-economic factors affecting the shore-based
fisheries revenue in Pakistan by providing a thorough
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perception of the current economic situation of coastal
fisheries. Additionally, the several statistical methods
have been recommended for the economic and biological
assessment of fisheries. To assess the effects and
associations between variables, the rank correlation is
more suitable'’. For this purpose, the multiple correlation
analysis with the estimation of two ranks based non-
parametric correlation coefficients, the Spearman’s rho
and Kendall’s tau corrected for tied ranks being used to
measure the effect sizes of each determinant on
revenue'"'"%. The overall aim of this study is to help the
fishery managers and policy-makers to upgrade the
National Fisheries Policy (NFP) from the economic
standpoint and to pay attention on the economic
feasibility, governance and implementation of fishery
laws to operate the coastal fisheries in an effective manner
which can lead to fisheries sustainability.

Materials and Methods
Sampling and data collection

For the study, comprehensive pre-designed survey
questionnaires which were specifically intended to collect

the technical and economic information pertaining to
operational costs, amount of catch landed in kilograms,
number of crews on board, trip duration and engine speed
in terms of horsepower with the fishermen operating in
the coastal waters of Pakistan were used. However, the
fleet’s orientation data has been acquired from the
“Handbook of Fisheries Statistics” published by the
“Marine  Fisheries Department, Government of
Pakistan””. The field survey was carried out from two
locations, viz., Baba Bhit Island and Karachi Fish Harbour
(KFH) during the period of non-fishing months of June
and July 2016. Additionally, the fishermen were asked for
opinions about the current stock status of major coastal
pelagic and demersal fish species and their perception
about the management of coastal fisheries. Seventy-two
large boats (N = 72) which are locally termed as Dhoonda
of different lengths ranging from 35 to 40 ft were
randomly selected from two sampling sites in this study'.

»13

Selection of variables and analytical tools
Per trip income or revenue from the fishing
operation was selected as the key variable in terms of

Fig. 1 — Map showing the maritime zones of Pakistan
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Pakistan Rupees (PKRs). In addition, other variables
selected were per trip catch or landed fish quantity in
kilograms (kg), number of crew members on board,
and engine speed in terms of horsepower (HP).

JASP version 0.8.5.1 (2018) computer program was
used for the rank-based multiple correlation analysis'".
While the R version 3.4.2 (2017-09-28) statistical
software was used for the graphical representation of
rank correlation coefficients and flow of fishing
operation in coastal or inshore fisheries'®. In addition to
this, the open-source Quantum Geographical
Information System (QGIS) software was also used to
generate a coastal map of Pakistani territorial waters'’.

Data analysis

To measure, the effects or strength of the
relationship between two continuous variables, the
coefficients of correlation served as the index of
effect sizes'®. Albeit the fact that there were several
commonly used correlation measures, but we used
two different methods of non-parametric rank-based
multiple correlation coefficient analysis, such as
Spearman’s rho (p) corrected for tied ranks and
Kendall’s tau (1) coefficient of concordance, due to
the non-normal distribution and the presence of tied
values among the variables of the techno-economic
data of the coastal fisheries' .

Spearman’s rank-order correlation equation (corrected for
tied ranks)

Rank-based correlations have been the most effective
and meaningful way to describe the dependencies
among several input variables in the presence of outliers
and distribution free (non-normal) data schemes®'. The
work of Hauke & Kossowski has reported the
importance of Spearman rank correlation to assess the
strength and association between two variables when the
data have been violating the assumptions of Gaussian
distribution. Supporting the rank-based correlation
methods, the Spearman® himself accentuated the use of
rank correlation when dealing with two series of
measurements comparable to each other. However, the
basic notion behind the rank correlation is that each
variable ranked separately from lowest to the highest
order. To get the degree or magnitude of the correlation
between two variables, the calculated values of the sum
of the square of the difference between two ranked
variables will be large or vice versa®’. Furthermore,
Cohen et al” and Zar'' documented the two different
forms of mathematical expressions of Spearman’s rank
order correlation or rho(p) to assess the strength of
correlation between two variables.

The equation that describes the standard
Spearman’s rank order correlation uncorrected for
tied variables is as follows:

1-6Y.d?
Rho (p) = n(nzz_l) [Zar'] (D

Where, d = Difference in the ranks of pair
observations in each variable.

The other equation expressing the Spearman’s rank
order correlation corrected for tied variables can be
written as:

_ (¥ -m)/6-3di-Ftx—3ty
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Where, )’ t,= Sum of all the x value of ties and } t,

= Sum of all the y-values of ties.

From the equation corrected for tied data, we can
compare the conformity and disparity among several
input variables from the side by side ordering lists of
ranks.

Kendall’s coefficient of concordance equation (corrected for
tied ranks)

Kendall*® has proposed a new measure of rank
correlation termed as Kendall’s coefficient of
concordance or tau (t). Furthermore, a widely
accepted class of the rank-based correlation method,
an alternative to Spearman’s rho and played a
significant role in the nonparametric test statistics®’.
However, Kendall’s tau has represented the
magnitude of conformity (concordance) and disparity
(discordance) between the two columns of rank data
with a plausible range of results lie on a scale from -1
to 17" 20 Notably, Kendall® has suggested the
algorithm of concordant and discordant pair while
stating that the two largest ranks of the X-variable
linked with two largest ranks of the Y-variable, then
XY values were said to be concordant. Similarly,
when the two smaller ranks of X-variable are
associated with two largest ranks of the Y-variable,
then the pair is said to be a discordant. Besides this,
Kendall’s tau manipulates the concept of Spearman’s
rho of ranking the variables while directly using the
idea of concordant and discordant pairs in the
description of correlation measures.

The general mathematical form of tau can be
written as follows:

Kendall’s tau = — [Jinyuan e al.”’ .3

Where, C is the number of concordant pairs, and D
is the number of discordant pairs.
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Fig. 2 — Fleets orientation in Pakistan from 1980-2009

Table 1 — Summary statistics for sampling boats

Statistic N Mean St. Dev. Min Max
Revenue 72 392,144.9 50,585.87 300,833 494,681
Catch 72 1,483.361 361.533 1,030 2,000
Trips 72 13.069 1.142 12 15
Crew 72 12.611 1.205 11 15
Engine 72 190.264 6.230 180 200

Note: Revenue = Rupees/trip, Catch = Kilograms/trip, Trips =
Number of days at sea/year, Crew = Number of fishermen onboard,
Engine = Boat speed in horsepower, respectively.

To date, several coefficients of concordance have
been reported in hypothesis testing known as tau-a
(t.), tau-b (1,) and tau-c (t.)*. Correspondingly,
Kendall’s tau-a has measured the covariance between
the distributions of two random variables being
studied and easily interpretable’’. Analogous to tau-a,
Kendall’s tau-b is another sophisticated approach to
measure the association between rank ordered
variables and explicitly designed when the data have
tied values®®. However, the tau-b is similar to Leo
Goodman and William Kruskal Gamma (y) and has
the range from -1 to 173,

Generally, the Kendall’s tau-b can be expressed
mathematically (sample version) by the following
formula:

tau,= [ ‘/n(n—l][ \/n(n—l] [Agresti'’] .. (®
V2-Tx
Where, C = Number of concordant pairs;

D = Number of discordant pairs; 7, = Number of pairs

tied only on the X-variable; and 7y = Number of pairs
tied only on the Y-variable.

From the above equation n (n-1)/2 is equivalent to
Concordant (C), Discordant (D), and Tied pairs on X
(Ty), Tied pairs of Y (Ty) and both (Tyy).

Results

The general descriptive statistics of variables for
the rank-based multiple correlation analysis are
summarized in Table 1. From Table 1, it is notable
that the mean revenue generated by the inshore
longline boats per trip was 392,144.9 (Rs) with a
range of 300,833 to 494,681 (Rs) Pakistani Rupee,
and an average catch of 1,483.361 kg ranging from
1,030 to 2,000 kg per trip. Similarly, the annual
average operational sea trips are 13 each 8 days long,
and the minimum and maximum crew members
onboard ranged from 11 to 15 during each trip
throughout the year. Whereas, the average observed
engine speed of small-scale longline boats is 190
(HP). Additionally, the trends in fleet’s orientation
data can be represented from Figure 2. However, the
flow of inshore fishing operations to generate
revenues in fisheries system of Pakistan and direction
of correlations between the several determinants can
also be visualized from Figure 3. To demonstrate the
effect size and association of several factors affecting
the revenue of shore-based longline fisheries of
Pakistan, an estimated Spearman’s rank based
correlation coefficient (p) or rho corrected for tied
ranks is presented in Table 2. The estimated values of
the Spearman rank correlation coefficient between
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Table 2 — Computed values of Spearman rank order correlations (p) corrected for tied ranks between catch, trips, crew, engine and revenue

Revenue Catch Trips Crew Engine
Revenue Spearman's rho —
p-value — ik
Catch Spearman's rho 0.721 —
p-value <.001 ek —
Trips Spearman's rho 0.707 0.468 wkk —
p-value <.001 Bk <.001 —
Crew Spearman's rtho 0.715 0.558 kil 0.546 kk —
p-value <.001 * <.001 <.001 —
Engine  Spearman's rho 0.254 0.130 0.198 0.065 —
p-value 0.031 0.278 0.096 0.588 —

Note: *p <.05; **p <.01; ***p <.001. Spearman’s rho represents the corrected Spearman rank correlations of tied variables, respectively.
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Fig. 3 — Flow diagram shows the direction of correlations
between several techno-economic factors

revenue and catch 1S (Prevenue, cach = 0.721), revenue
and trip 1S (Prevenue, tips = 0.707) and between revenue
and crew 18 (Prevenue, crew = 0.715), which indicates that
there is a very strong positive relationship between
these wvariables. Similarly, the intercorrelations
between the catch on trips (pcatcn, wips = 0.47), catch on
crew (Peaich, crew = 0.56) and trips on crew (Pips, crew =
0.55) which indicate the moderate positive
relationship among these variables. Further, it is
evident from the results that all the variables showed a
strong tendency towards statistical significance (p <
0.0001) at the standard 5 % level of significance.
Alternatively, the engine speed or horsepower on
revenue 1S (Prevenue, engine = 0.24), which indicates the
weak relationship of engine speed on the revenue and
showed a marginal trend (p = 0.03) towards statistical
significance. Additionally, for visual representation of
the dependencies of several variables on revenue and
among each other, the correlation plot of Spearman’s
rank correlation can be seen from Figure 4.

Apart from Spearman’s rank correlation, the results
obtained from the analysis of Kendall’s coefficient of
concordance corrected for tied ranks (tau-b) are
presented in Table 3. It is apparent from the results of
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Fig. 4 — Visual representation of Spearman’s rank order
correlation

the study, that there is a strong, positive correlation
between variables like catch, trips and crew on the
revenue and statistically significant from zero (7, =
0.567, p <0.001), (r, = 0.574, p <0.001) and (z, = 0.587,
p < 0.001) respectively. Even so, the intercorrelations
between the variables such as catch on trips, catch on the
crew and trips on the crew were moderate positive
correlation and also show significance beyond doubt (7,
= 0.377, p < 0.001), (7, = 0.453, p < 0.001) and (z, =
0.47, p < 0.001). From the results of Kendall’s tau-b, it
has been found that the engine speed or horsepower also
show very weak correlation and marginal significance
on revenue (z, = 0.18, p = 0.027) corresponding to
Spearman’s rank correlation. Also, the results can be
visualized from correlation plot of Kendall’s coefficients
of concordance (Fig. 5).
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Table 3 — Computed values of Kendall's tau (1,) correlations of concordance between catch, trips, crew, engine and revenue

Revenue Catch Trips Crew Engine

Revenue Kendall's tau-b —

p-value — ek
Catch Kendall's tau -b 0.567 —

p-value <.001 ek —
Trips Kendall's tau-b 0.574 0.377 ok

p-value <.001 ek <.001
Crew Kendall's tau-b 0.587 0.453 ek 0.470 —

p-value <.001 * <.001 <.001 —
Engine Kendall's tau-b 0.182 0.096 0.153 0.053

p-value 0.027 0.246 0.098 0.556 —

Note: *p <.05; **p <.01; ***p <.001. Kendall tau B represents the Kendall correlations adjusted for tied ranks, respectively
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Fig. 5 — Visual representation of Kendall’s tau correlation of
concordance

Discussion

The economic incentive has been the major driving
force for the fishermen which are primarily led by the
financial returns and profit maximization from the
fishing operations in the fishery’*. Conversely, the
economic insecurity (lower incomes) and susceptibility
of fishery resources (lower catches) have been worse by
the open-access settings in most artisanal or small-scale
fisheries. Therefore, the fishermen have no alternative
but to continue the fishing over and beyond the
biological and economical limits®. The main concern of
the paper was focused on the economic aspects of
inshore longline fisheries. However, the particular
attention is being paid to the several factors affecting the
revenue of shore-based fisheries in Pakistan.

The global contribution of artisanal or small-scale
fisheries to the world’s total landed value were about
30 % (revenue generated at dockside) and played a

significant role to employ 90 % of the world’s total
capture fishermen®®. Despite the significance, the
inshore fisheries were usually ignored among the
policy-makers in comparison to industrial fishing.
However, the boats operating in the small-scale
category have assured the higher catch rates and
maximum profits’’. Similarly, the values of rank-
based correlations of Spearman’s and Kendall’s
correlation well supported the notion of the strong
positive relationship of catch on revenue, which
indicates that the profits will increase with increasing
catches, particularly in small-scale longline fisheries.
From the economic perspective, the number of
fishing days or fishing trips has the greater influence
on the profitability of fishing boats due to rise in cost
and revenues'. Therefore, the study suggested the
strong positive relationship of fishing trips on revenue
in results of both non-parametric tests, which implies
that revenue significantly increases with the increase
of fishing trips or vice versa. Equally important is the
fact that the economic motivation is the key for the
fishermen to operate in the sea such as the
information regarding resource availability and
revenues generated from the previous trips®.
Likewise, our results identify a very strong positive
relationship between revenue and crew participation
in small-scale fisheries, which indicates that profit
increases with increasing number of crews during the
fishing operation. One possible reason to explain is
that many inshore fisheries are labor-intensive and are
comparatively cheaper to hire which can substantially
increase the profitability of boats®. Yet, the results
from the analysis of the interdependence of engine
speed or horsepower (HP) on revenue and all the
combinations of variables show a very weak
correlation. The rationale behind is that the engine
speed is directly linked to fuel consumption. Given
the fact that, greater engine speed results in higher
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fuel consumption during the fishing operations and
significantly increase the cost of fishing and reduced
revenues with less viable fisheries in terms of
profitability™. Therefore, our results supported the
fact that small-scale, longline fisheries have been less
fuel-efficient and engine speed has less or very weak
effect on the revenue*'.

Above all, apart from intercorrelations of several
factors affecting the revenue, our results also show
very strong positive and moderate associations in case
of catch on the crew, the crew on trips and catch on
trips respectively (Tables 2 & 3). From the technical
point of view to date, improved quality of fishing is a
subject of concern among the producers and
consumers. Therefore, the efforts have been made
while designing the fishing boats, maximize the
number of crews and installation of equipment’s to
reduce the handling time of sorting and storing on
board*. Similarly, the results from the analysis imply
that higher catches significantly increase the amount
of work onboard and more crew needed to reduce the
workload and produce good quality fishery products
to the consumers. To our best knowledge, this is the
first study that investigates the economic aspects by
empirically quantifying the several techno-economic
variables affecting the revenues of inshore longline
fisheries of Pakistan. For instance, these findings may
help us to understand the conceptual premises of
current economic and biological situation in the shore
base fisheries system of the country.

Conclusion

Conclusively, the present study set out to determine
the effects and the association of the several techno-
economic factors affecting the revenue of inshore
longline fisheries in Pakistan. However, the results of
this investigation show that the effect of catch, trips,
and crew have a strong positive relationship to the
revenue in both methods of rank based correlation,
which implies that if catch, trips, and crew increases
then revenue significantly increases or vice versa.
Notwithstanding, the most significant finding to
emerge from the study is that engine speed or
horsepower has a very weak relationship to the
revenue generation, which implies that engine speed
is directly linked to fuel consumption and more fuel is
needed to complete the fishing operations resulting in
higher fishing costs and lower incomes which led the
inshore fisheries less economically viable. In fact,
weak correlation suggests that still small-scale,
longline fisheries in Pakistan is less fuel-efficient and

economically feasible business for the fishermen
operating in the coastal waters of the country®.
Considerably more research work will be needed to
determine the social, economic and technical nexus of
inshore fisheries and fishermen in the country.

Acknowledgments

The first author M Tariq Hanif is immensely grateful
for the generous financial support of Chinese
Scholarship Government Council (CGSC) for his Ph.D.
studies. This work was supported by the special research
fund of (OUC, code 20102001), key laboratory of
Mariculture (Ministry of China) Fisheries College OUC,
Qingdao 26003 and Ministry of Agriculture and Rural
Affairs of PRC Peoples Republic of China (CARS-49).

Conflict of Interest
The authors have no conflicts of interest to declare.

Author Contributions

The authors likely to certify that, the MTH & MYT
had contributed towards the preparation of this paper
such as conceptualization, data collection, data analysis,
funding  acquisition, manuscript drafting and
supervision, SBH & TRP contributed in editing the
contents of writing and guidance; and MTK contributed
in modifications, suggestions and review.

References

1 Andersen J L, Fishing effort: A review of the basic biological
and economic approaches, paper presented at the Xith
Annual Conference of the European Association of Fisheries
Economists (Dublin), 1999, pp. 1-10.

2 Jacquet J & Pauly D, Funding priorities: big barriers to
small-scale fisheries, Comnserv Biol, 22 (2008) 832-835.
doi.org/10.1111/j.1523-1739.2008.00978.x.

3 Van der Pijl W & van Duijn A, Pakistan seafood exports:
Quick scan of the EU market potential: LEI, part of
Wageningen UR, 2012, pp. 8-9.

4 De Young C, Review of the state of world marine capture
fisheries management: Indian Ocean, (Food & Agriculture
Org., Rome, Italy), 2006, pp. 281-285.

5 FAO, Information on fisheries management in the Islamic
Republic  of  Pakistan, (2003).  http://www.fao.org/
fi/oldsite/FCP/en/pak/body.htm (Accessed on 07 February,
2018).

6 Kolding J, Béné C & Bavinck M, Small-scale fisheries:
Importance, vulnerability and deficient knowledge, In:
Governance of Marine Fisheries and Biodiversity
Conservation: Interaction and Coevolution, edited by S M G.
arcia, J Rice & A Charles, (Willey-Blackwell), 2014, pp.
317-331. doi.org/10.1002/9781118392607.ch22.

7 Islam M S & Elahi K Q I, Production Technology and
Profitability of Small-Scale Marine Fishing in Bangladeshi,
Bangladesh J Agr Econ, 16 (1993) 51-59.

8 Aheto D W, Asare N K, Quaynor B, Tenkorang E Y, Asare
C, et al., Profitability of small-scale fisheries in Elmina,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

HANIF et al.: ECONOMICS OF COASTAL LONGLINE FISHERIES IN PAKISTAN 59

Ghana, Sustainability, 4 2785-2794.
doi.10.3390/su4112785.

Aisyah N, Arumugam N, Hussein M A & Latiff I, Factors
affecting the technical efficiency level of inshore fisheries in
Kuala Terengganu, Malaysia, International J Agr Mngmt
Devt, 2 (1) (2012) 49-56. doi:10.22004/AG.ECON.147578.
Hoggarth D D, Abeyasekera S, Arthur R I, Beddington J R,
Burn R W, et al., Stock assessment for fishery management: A
framework guide to the stock assessment tools of the fisheries
management and science programme, (Food & Agriculture
Org., Rome, Italy) 2006, pp. 221-222. http://www.fao.org/3/a-
a0486e.pdf.

Zar ] H, Biostatistical analysis, 2™ edn, (Prentice Hall USA)
1984, pp. 395-412.

Agresti A, Non-Model-Based Analysis of Ordinal Association
Analysis of Ordinal Categorical Data, (John Wiley & Sons,
Inc.), 2012, pp. 184-224.

GOP, Hand Book of Fisheries Statistics of Pakistan, (MFD,
Karachi, Pakistan), Vol 20, 2009.

Hornby C, Khan M, Zylich K & Zeller D, Reconstruction of
Pakistan’s marine fisheries catches 1950-2010, Fisheries
Centre Working Paper, 28 (2014) 5-7.
http://www.seaaroundus.org/doc/publications/wp/2014/Hornb
y-et-al-Pakistan.pdf.

JASP Team, JASP Computer software. https://jasp-stats.org
version (0.8.5.1/2018).

R core Team R, A language and environment for statistical
computing. R Foundation of Statistical Computing, Vienna,
Austria. https://www.r-project.orgversion (3.4.2/2017).

QGIS Development Team, QGIS Geographic Information
System. Open Source Geospatial Foundation.
http://qgis.osgeo.orgversion (1.0/2009)

Higgins J P T, Hedges L V, Borenstein M & Rothstein H R,
Introduction to meta-analysis, (John Wiley & Sons, Inc.),
2009, pp. 40-45.

Helsel D R & Hirsch R M, Statistical methods in water
resources, (Elsevier Science Publishing Company, Inc.) Vol
49, 1992, pp. 204-2018.

Abdi H, Multiple correlation coefficient, In: Encyclopedia of
measurement and statistics, edited by Salkind N J, (Sage,
Thousand Oaks), 2007, pp. 648-651.

Iman R L & Conover W J, A distribution-free approach to
inducing rank correlation among input variables, Commun Stat
- Simul C, 11 (1982) 311-334. doi.org/10.1080/03610
918208812265.

Hauke J & Kossowski T, Comparison of values of Pearson's
and Spearman's correlation coefficients on the same sets of
data, Quaest Geogr, 30 (2) (2011) 87-93.

Spearman C, The proof and measurement of association between
two things, The Am J Psychol, 100 (3/4) (1987) 441-471.

Gautheir T D, Detecting trends using Spearman's rank
correlation coefficient, Environ forensics, 2 (2001) 359-362.
doi:10.1006/enfo.2001.0061.

Cohen J, Cohen P, West S G & Aiken L S, Applied multiple
regression/correlation analysis for the behavioral sciences,
(Routledge, New York), 2013, pp. 31-33.

Kendall M G, A new measure of rank correlation, Biometrika,
30 (1/2) (1938) 81-93. doi.org/10.1093/biomet/30.1-2.81.

Alvo M & Cabilio P, Rank correlation methods for missing
data, Can J Stat, 23 (4 (1995) 345-358.
doi.org/10.2307/3315379.

(2012)

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Kendall M, Rank correlation methods, (Charles griffin. San
Francisco, CA), 8 (4) 1975.

Jinyuan L, Wan T, Chen G, Lu Y, Feng C, et al., Correlation
and agreement: overview and clarification of competing
concepts and measures, Shanghai Arch Psychiatry, 28 (2)
(2016) 115-120. doi: 10.11919/j.issn.1002-0829.216045.
Bolboaca S D & Jéantschi L, Pearson versus Spearman, Kendall's
tau correlation analysis on structure-activity relationships of
biologic active compounds, Leonardo J Sci, 5 (9) (2006) 179-
200. http://ljs.academicdirect.org/409/179 200.pdf-

Newson R, Parameters behind "nonparametric" statistics:
Kendall's tau, Somers' D and median differences, The Stata J,
2 (1) (2002) 45-64. doi.org/10.1177/1536867X0200200103.
Signorino C S & Ritter J M, Tau-b or not tau-b: measuring the
similarity of foreign policy positions, Int Stud Q, 43 (1) (1999)
115-144. doi.org/10.1111/0020-8833.00113.

Goktas A & Isci O, A comparison of the most commonly used
measures of association for doubly ordered square contingency
tables via simulation, Metodoloski Zv, 8 (1) (2011) 17-37.
http://mrvar.fdv.uni-lj.si/pub/mz/mz8. 1/goktas.pdf.

Datta K & Dan S, Economics of gillnet fishing in West Bengal,
Seafood Export J, 24 (5) (1992) 15-23. http.//eprints.cmfii.org.in
/8335/1/SEAFOOD_EXPORT JOURNAL1992 VOL 24  (5)
_15-23.pdf.

Tvedten I & Hersoug B, Fishing for development: Small-scale
fisheries in Africa, (Nordic Africa Institute), 1992, pp. 8-20.
Sumaila U R, Small-scale Fisheries and Subsidies Disciplines:
Definitions, Catches, Revenues, and Subsidies, In: Fisheries
Subsidies Rules at WTO: A Compilation of Evidence and
Analysis, edited by ICTSD, 2018, pp. 111-119.

de Melo Alves Damasio L, Lopes P F M, Pennino M G,
Carvalho A R & Sumaila U R, Size matters: fishing less and
yielding more in smaller-scale fisheries, ICES J Mar Sci, 73 (6)
(2016) 1494-1502. doi.org/10.1093/icesjms/fsw016.

Salas S, Sumaila U R & Pitcher T, Short-term decisions of
small-scale fishers selecting alternative target species: a choice
model, Can J Fish Aquat Sci, 61 (3) (2004) 374-383.
doi.org/10.1139/f04-007.

Satia B P & Staples D J, Papers Presented at the Second
Session of the Working Party on Small-Scale Fisheries:
Bangkok, Thailand, 18-21, (Food & Agriculture Org., Rome,
Italy), 2004, pp. 2-6. http://www.fao.org/tempref/docrep
/fao/006/y5245e/v5245e00.pdf.

Muir J, Fuel and energy use in the fisheries sector.
Approaches, inventories and strategic implications, (Food &
Agriculture Org., Rome, Italy, Fisheries and Aquaculture
Circular), 2015, pp. 1-15. http://www.fao.org/3/a-15092e.pdf.
Carvalho N, Edwards J] G & Isidro E, Defining scale in
fisheries: Small versus large-scale fishing operations in the
Azores, Fish Res, 109 (2/3) (2011) 360-369.
doi:10.1016/] fishres.2011.03.006.

Morizur Y, Caillart B & Tingley D, The problem of discards in
fisheries, in “Fisheries and Aquaculture: Towards Sustainable
Aquatic Living Resources Management”, In: Encyclopedia of
Life Support Systems (EOLSS), edited by P Safran, Developed
under the Auspices of the UNESCO, (Eolss Publishers,
Oxford, UK), 2004, pp. 1-6. http://www.eolss.net.

Miller K, I Nadheeh 1, Jauharee A R, Anderson R C & Adam
M S, Bycatch in the Maldivian pole-and-line tuna fishery,
PLoS One, 12 (5) (2017) 1-21. doi.org/10.1371/journal.
pone.0177391.



