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This review is based on the following elements:

1. Introduction and Literature: The evaluation report contains the
presentation and purpose of the problem addressed in the
study, the importance of the topic, the scope of the relevant
literature, the timeliness and the originality of the study.

2. Methodology: The evaluation report includes information on
the suitability of the method wused, the choice and
characteristics of the research group, validity and reliability, as
well as on the data collection and analysis process.
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presentation of the findings obtained in the frame of the
method, the correctness of the analysis methods, the aims of
the research and the consistency of the findings, the
presentation of the required tables, figures and images and the
conceptual evaluation of the tests used.

4. Evaluation and discussion: The evaluation report includes the
opinion on the subject based on findings, relevance to research
questions and hypotheses, generalizability and applicability.

5. Conclusion and suggestions: The evaluation report contains
the opinion on the contributions to the literature, future studies
and recommendations for the applications in the area.
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compatibility of the headline with the content, appropriate use
of English in the study, refers and references in accordance
with the language of the study and APA rules.

7. Overall evaluation: The evaluation report contains opinion on
the authenticity of the study as a whole, its contribution to the
educational literature and the applications in the area.
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ABSTRACT

Keywords:

R programming
Statistical analysis
Mariana Trench

Bathymetry

The study focuses on the application of R programming language towards marine geological
research with a case study of Mariana Trench. Due to its logical and straightforward syntax, multi-
functional standard libraries, R is especially attractive to the geologists for the scientific computing.
Using R libraries, the unevenness of various factors affecting Mariana Trench geomorphic structure
has been studied. These include sediment thickness, slope steepness, angle aspect, depth at the
basement and magmatism of the nearby areas. Methods includes using following R libraries:
{ggplot2} for regression analysis, Kernel density curves, compositional charts; {ggalt} for Dumbbell
charts for data comparison by tectonic plates, ranking dot plots for correlation analysis; {vcd} for
mosaic plots, silhouette plots for compositional similarities among the bathymetric profiles,
association plots; {car} for ANOVA. Bathymetric GIS data processing was done in QGIS and LaTeX.
The innovativeness of the work consists in the multi-disciplinary approach combining GIS analysis
and statistical methods of R which contributes towards studies of ocean trenches, aimed at geospatial

analysis of big data.

Bulletin, 8(1): 1-9.

Please cite this paper as follows:

Lemenkova, P. (2019). An empirical study of R applications for data analysis in marine geology. Marine Science and Technology

Introduction The geologic features of the Mariana Trench are briefly discussed
below.
The Mariana Trench is the deepest point of the Earth located in . .
the western part of the Pacific Ocean, eastwards to Philippine islands Geographic Location
and China (Figure 1). It crosses four tectonic plates: Caroline, Pacific, Mariana Trench belongs to the deepest trenches of the Earth, with
Philippine Sea and Mariana. The Mariana Trench has unique features maximal depths above 9-11 km, all of which are located in the western
in its geomorphology, complex geological and lithological structures. half of the Pacific Ocean.
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Figure 1. Study area: Mariana Trench (Cartography was created
by Quantum GIS (QGIS) software)

The geographic location of the edge of the Mariana Trench along
the coasts of the continents or island arcs is explained mainly by the
subduction of oceanic tectonic plates at the boundaries of their
collision with Mariana, Pacific, Philippine, Caroline tectonic plates
(Ishibashi et al., 2015).

The seabed structure of the Mariana Trench is composed in the
following way from top to bottom: a sedimentary cover, a basalt of the
leitic composition, a complex of parallel dykes of diabases, an isotropic
gabbro, a banded gabbro-ultrabasic complex lying on the mantle
ultrabasites (Butuzova, 2003). There are differences in the velocity of
the longitudinal seismic waves in the geological layers of the Mariana
Trench structure: water and sedimentary layer have a speed of 3.5 - 6.2
km/s, basaltic layer has a speed of 6.5-7.0 km/s. The layer of gabbro
and banded gabbro are located beneath. The boundary of the crust-
mantle is made up by a sharp increase in the velocities from 7 to 8 km/s
(the boundary of the Mohorovicic). The upper mantle is the region
with the velocities of 8.0-8.2 km/s (Garfunkel et al., 1986). Analogues
of the oceanic crust on the ground are ophiolites (Figure 2).

Geological map for the "Mariana Trench” GIS project. Lithology around the study area. Visualization: QGIS.
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Figure 2. Lithology of the Mariana Trench area, Pacific Ocean
(This map was created by QGIS software)

The average thickness of the crust of this type under the platforms
is about 40 km (Gurevich, 1998). The regions with bark continental

type in the ocean are fragments of continental mass formed as a result
of the formation of the modern ocean floor causing migration and slow

movement of the trench (Husson, 2012).

Sedimentation and Lithology

The lithological structure and sediment thickness are among the
other factors affecting Mariana Trench formation. Relatively few other
trenches, when compared to Mariana Trench, are also formed on the
boundaries of the tectonic plates, but usually at a greater distance from
the continents in the rift zones. Therefore, the sedimentation processes
within Marina Trench are deeply impacted by the location near the rift
zones that are mainly associated with the formation of the underwater
mountain ranges and spreading. Their expansion in the sides of the
neighbouring lithospheric plates is a result of the rise towards Mariana
Trench.

Geometrically, the transversed faults are formed sub-orthogonal
to major normal faults. They are created as local shortening structures
with uneven depths above lateral and oblique extensional ramps. This
creates excellent conditions for sedimentation accumulation of the
outflow of the substance coming from the upper layer of the earth’s
mantle. According to available geophysical data (Dubinin and
Ushakov, 2001), the oceanic crust of the tectonic plates surrounding
Mariana Trench is composed by a number of layers. Therefore, the
impact of the sediment subduction on the trench dynamics is relatively
high, which is highlighted by Horleston and Helffrich (2012).

Geomorphology

The adjusting continental slopes are high, reaching up to several
thousand meters and inclining to 3-6° (in the south-western part of
the trench up to 30-40 °), the upper boundary of which coincides with
the edges of the shelf (depths of 150-200 m). Slopes of the passive
margins are strongly complicated by the terraces, ledges, marginal
plateaus and canyons. Slopes of the margins are steeper, reaching can
5-7 km in height. The geomorphic structure of the Mariana Trench is
complicated by the longitudinal ridges, steps, large landslide bodies
and ledges. At the base of the continental slope of passive margins
formed by the adjacent tectonic plates, Philippine Sea, Pacific and
Caroline on the south-west, continental foot forms accumulative
body. In turn, it is formed by the merged cones of the removal and
plumes of the suspension flows and submarine landslides with abyssal

sedimentation.

Submarine margins of continents or transition zones depend on
the features of the relief and geology. According to them, they are
divided into two types: the passive ones and the active ones. The first
ones include the shelf that is mainland bank, the slope and the
mainland foot. Having complicated relief structure with marginal seas,
island arcs and deep-sea gutters, Mariana Trench belongs to the active
type of trench. Due to the geodynamic reasons, Mariana Trench
motion, migration and upper plate deformation can be described as
the result of the response to the mantle flow and the imbalance
between the forces exerted by the lower and upper continental plates

at the plate interface.
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Bathymetry

The deepest point of the Mariana Trench, the Challenger Deep, is
located in the south-west of the trench with maximal depth of
10,984+25 m (95%) at 11.329903°N / 142.199305°E (Gardner et al.,
2014). North-western Pacific Ocean is especially characteristic for the
vast areas of the bottom of the basins occupied by depressions deeper
6000 m with a special case of Mariana Trench. Despite the extreme
bathymetric values of the Mariana Trench at Challenger Deep, its
structure has the following pattern: a major total area is being occupied
by the abyssal depths (3-6 km), while the extreme depths exceeding 6
km, are smaller in comparison to the previous areas (Uyeda and
Kanamori, 1979).

The abyssal make up relatively small part of the total area of the
Mariana Trench, while the second ones cover about two thirds of the
whole. Depths of more than 6000 m are confined mainly to the deepest
part of the trench located in the south-western part of Mariana,
although individual depressions to depths of 6-7 km, rarely up to 7.5
km, occur in the central part of the basins along the trench (Morgan,
1974). The typical depths of the ocean floor of the Mariana Trench are
4000-5000 m where mid—ocean ridges and deep-sea basins formed by
numerous mountains and depressions are located. The general form
of the bathymetric structure of the Mariana Trench is inclined toward
the margin plate being connected with the ocean basic zone. It has high
and steep island or continental slopes and more low and gentle slopes
from the south-eastern side. The main area of the seafloor of the
trench has prevailing depths of more than 3000 m, a seabed being the

most ancient parts of the ocean floor formed in the late Jurassic.
Material and Methods

In this paper, a combination of various approaches has been used
in the methodology workflow. Several R packages were applied for
importing and manipulating geospatial data, combined with statistical
machine learning. Various algorithms of data visualization were tested
to facilitate spatial analysis using data from the GIS project: geology,
tectonics, bathymetry, sedimentation, etc. The technical tools
supporting this research include GIS, statistical methods and
approaches made by R programming (e.g. Warner et al, 2008;
Oliphant, 2007; Roberts et al., 2010). Recently developed powerful
technologies provided by R, Matlab or Octava software, enable to
perform precise computations and statistical analysis of big data as well
as to create data frames in geosciences. Among others, a python
language has become increasingly popular (Lin, 2008, Marta—Almeida
etal., 2011). Nowadays, the machine learning and data mining for the
oceanological research are among the most important technical goals.
Using R programming (R Core Team, 2018) based machine learning
algorithms ensure the preciseness and objectiveness of the big data set

processing, which is always the case for oceanographic research.

However, a combination of the statistical methods with GIS
dramatically increases the effectiveness of the research due to the
embedded machine learning algorithms that enable to process big data
frames dividing them into compatible data sets for statistical analysis.
For instance, we can select several attribute tables specifically for
magmatism of the nearby areas to analyse the possibilities of the

earthquakes, or to focus on the bathymetric properties and
distribution of various depth values across the selected profiles, etc.
Special packages of the R programming include mathematical
algorithms and a range of codes specially designed for statistical
analysis, as demonstrated below. In the scope of current research, a
functionality of R language has been tested. Indeed, it proved to be as
an effective tool for studying distribution of the environmental factors
affecting the structure of the trench, as well as bathymetric clusters
grouped by the similarity of the geomorphic properties at the seafloor
basement of the Mariana Trench.

The methodological workflow of the current work includes

following steps:

i.  Bathymetric GIS Data Processing in QGIS and LaTeX;

ii.  Statistical analysis on data distribution: Kernel density and
regression analysis with 3 approaches: linear, locally
estimated scatterplot smoothing (loess) and general linear
methods;

iii. ~ Dumbbell charts for data pairwise comparison by tectonic
plates;

iv.  Ranking dot plots for correlation between the
determinants (trench slope steepness in tg° angle by
bathymetric profiles, igneous volcanic areas, depth);

v.  Compositional “waffle” charts showing variation of the
aspect and steepness classes of the trench basement angle,
by 25 bathymetric profiles;

vi.  Mosaic plots with standardised residuals to assess data
distribution and silhouette plot for compositional
similarities among the bathymetric profiles;

vii.  Association plots with statistical Pearson residuals to
analyse model fitness at each observation data set for
generalized linear models;

vili. ~ANOVA (Analysis of Variance) to assess hypothesis

testing.

Bathymetric GIS Data Processing

The digitizing of the 25 bathymetric profiles across the trench has
been performed in QGIS.

The length of each profile was taken at 1000 km, and the distance
between every pair was 100 km. The coordinates were saved in a table
with three columns: elevations, latitude and longitude. After a square
of the area was crossed by the profiles, the .csv table was imported for
processing in LaTeX. The visualization of the 25 profiles grouped by
three and four has been performed in LaTeX (Figure 3). Technically,

the following script was used:

\begin{filecontents*}{MyTabl8.csv}
ELEV,y2,x2

145.528246366,47.0433461696,-7800 # bathymetric data here in 3

columns
\end({filecontents*}

\begin{tikzpicture}
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\begin{axis}[grid=major,minor x tick num=10,minor y tick
num=10,colorbar sampled line,colormap
name=bluered, title={Mariana Trench. Bathymetric Profiles
Nr.16,17,18},ylabel={Depth (m)},legend
entries={Profile18,Profile17,Profile16,},scaled
ticks=false,yticklabel style={

/pgf/number format/fixed,
/pgf/number format/fixed zerofill,}]

\addplot+ [scatter,only marks,mark=Mercedes star
Alipped,colormap name=bluered,] table [x=x, y=d, col
sep=comma] {MyTabl6.csv};

\addplot+ [scatter, colorbar sampled line,only
marks,mark=asterisk,colormap name=bluered, ] table [x=long,

y=d, col sep=comma] {MyTabl7.csv};

\addplot+ [scatter, colorbar sampled line,only marks,mark=10-
pointed star,colormap name=>bluered, ] table [x=y2,y=ELEV,
col sep=comma] {MyTabl8.csv};

\end{axis} \end{tikzpicture}

Regression Analysis of Data Distribution:

R library {ggplot2}

Hence, depending on the structure and size of the availability data
frame, the methodological approaches of the assessment of data
distribution may change. However, the most essential statistical
analysis of the ocean research would start by the question of data
distribution. Computing and plotting Kernel distribution curves, box
plots, regression lines (probability of bathymetric data across profiles),
quantile statistics, empirical distribution density function and other
methods can be distinguished as the most useful for initial data
processing.

The principle of the regression analysis is based on the analysis of
the probability of the data values according to their actual distribution.
A regression analysis represents outlying depths observations by each
bathymetric profile, as shown on the example of three profiles in
Figure 4. This methodology utilizes the relation between two or more
quantitative depth variables so that one variable can be predicted from
another. Thus, one can estimate the probability that the depth values
will be located in this or that interval of values profile by profile
according to the machine-based algorithm of the probability of their
distribution. Kernel density distribution shows the majority of the
depths of the trench between 3000 and 6000 m. The graph has been
made as a combined plot (Figure 5) enabling to compare the
overlapping and maximal aptitude of the density curves for both the
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Dumbbell Charts for Data Pairwise Comparison by

Tectonic Plates

Because Mariana Trench crosses four tectonic plates (Mariana,
Caroline, Philippine and Pacific) the comparative testing of the values
distribution by adjacent tectonic plates has been completed through
the Dumbbell chart plotting. Dumbbell chart is a visualization aimed
to give an insight of how the margin tectonic plates constitute to the
Mariana Trench pairwise. It is one of the new statistical methods which
was initially widely used in biosciences, yet it can be applied to spatial
analyses when it is necessary to take pairwise comparison of the data
distribution from any thematic layer. Plotting has been carried out by
calling R libraries {ggplot2} and {ggalt}. Dumbbell chart demonstrates
(Figure 6) pairwise distribution of the bathymetric points constituting
the continental plates, to show the composition of the sedimentary

coverage by four tectonic plates.

#]@1-25, Dumbbell Chart 2
rench, Profiles Nr.1-25.
hange: Observation Points; Mariana Plate vs Caroline Plate Valu

44, #1@1-25, Dumbbell Chart
a Trench, Profiles Nr.1-25.
nge: Observation Points; Philip

lippine Plate vs Pacific Plate

.

Profies

Figure 6. Dumbbell diagrams for pairwise comparison of the

tectonic plates

The Y axis shows the profiles and the X axis — the number of
observation points crossing to the given tectonic plate. In this case the
comparison was given by pairs Philippine sea and Pacific plate, and
Mariana and Caroline Plates, respectively. Although a complete
comparison of all the environmental determinants has not yet been
given (in the scope of this research only bathymetric points were
plotted for the Dumbbell chart), a certain insight of the tectonic
structure of the Mariana Trench contributes to understanding of the
congruence of the ocean floor by four plates.

Ranking Dot Plots by Data Grouping

Pairwise correlation was visualized by the ranking dot plots, which
is an effective tool to perform data grouping by variables: tectonic
plates. Plotting distribution of the observation points by igneous
volcanic areas aimed at visualizing areas affected by the magmatism.
Large igneous volcanic areas contribute towards localization of
possible earthquake zones. Thus, as can be drawn from the plot (Figure
7), the volcanic areas increase along Mariana Trench south-

westwards.

Alike to the volcanic areas plotting, the variation of the steepness
slope was performed using ranking dot plot: the bathymetric profiles
with the steepest angles across the trench are located in the north-
eastern part with a slight decrease towards the south-west. To calculate
tge angle of the profiles, a standardized formula was used, that is a
relation of the maximal depth by profiles divided by the width of the
corresponding bathymetric profile. The crucial points (Figure 7) were
selected using library{ggalt} by calling following R code:

crucial_igneous< MDF[MDF$igneous_volc > 50 &
MDFS$igneous_volc <= 300 & MDF$profile > 5 &
MDEFS$profile <= 25, |

crucial_angles <- MDF[MDF$tg_angle > 0.00 & MDF$tg_angle
<= 0.075 & MDF$profile > 5 & MDF$profile <= 22, |

ch, Profiles Nr.1-25

o,
19°(A/H) by profiles 1:25

/
\:

Figure 7. Ranking dot plots by data grouping

The distribution of angle steepness values across the trench have
been shaped by the components of the igneous volcanic areas near the
profiles, as understood from the Figure 7: profiles # 20, 22, 24, 8 and
11 with notable amount of igneous volcanic observation points (over

180) correlate with steepness angle.

Compositional Charts of the Determinants Variations

The constitution of the system composition has been visualized by
the categorical plotting. One of the methods enabling categorical
plotting is presented by compositional charts, sometimes referred to as
“waftle charts”. The core idea of this method is to demonstrate the
division of the whole system by parts in percentage. Several R libraries
can be used to perform technically compositional plotting, of which
the {ggplot2} has been selected as the most effective: it enables to
control the appearance of the plot by adjusting details (colors, font size

and types, plotting two graphs together, etc).

The compositional chart is aimed to compare the distribution of
the data across the study area, as well as the composition of the aspect
class and slope angle for the Mariana Trench. As can be drawn from
the chart (Figure 8), the category “very steep slope” is the dominant
among all other geomorphological types of the slope degree of the
Mariana Trench. Likewise, north and south-west aspect of the slope
direction perfectly describes the geometry of the northern and
southern part of the trench, respectively.
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1 Waffle Chart: Mariana Trench
Aspect class of the basement angle

2 Waffle Chart: Mariana Trench
Steepness angle class of the profiles 1:25

East
North

North-East Extreme_Slope
North-West Steep_Slope
South Strong_Slope
South-East

South-West
West

Very_Steep_Slope

Graphics: R Programming Graphics: R Programming

Figure 8. Compositional chart of geometric properties of the

Mariana Trench
Mosaic and Silhouette Plots of the Observation Data by

Tectonic Plates

Mosaic chart aims at categorical comparison of the
geomorphological features of the trench by four tectonic plates.
Visualizing mosaic plot (Figure 9) is a statistical method that involves
a subdivision of a rectangular tile into the areas that represent the

conditional relative frequency for a cell in the contingency table.

Mariana Trench: Silhouette plot of pam(x = MarianaTrench_DF, k = 6)
Mosaic Plot

n=25 6 clusters C;
J: oyl avesq s

13027

61022

41012

Profiles.

41 046

71044

19
16
15
14
20

Tectonic Plates 00 02 04 06 08 10
1:518 observation points in each profile Silhouette width s,

6: 11000

Standardized
Residuals:

Average silhouette width : 0.3

Figure 9. Mosaic plot and silhouette plots for categorical values of

the environmental determinants

The algorithms and approaches used in mosaic plotting vary
slightly. Upon examination of possible packages, the R library{vcd}
was selected for this research. Using {vcd} library, each tile is colored
to show the deviation from the expected frequency (residuals) from a
Pearson X* or likelihood ratio G* test. The algorithm set includes
execution of the following code:

MosaicTectRes<- mosaicplot(count, main = “Mariana Trench:
\nMosaic Plot”, sub = “1:518 observation points in each profile”,
xlab = “Tectonic Plates”, ylab = “Profiles”, las = 1, border =
“chocolate”, shade = TRUE)

The convenience of the mosaic plot for the geomorphological
analysis of the ocean trenches consists in its visual representation of
the association between the environmental variables. Thus, it gives an
overview of the data structure and enables to recognize relationships
between the different environmental variables. As can be seen from the
Figure 9, the independence of the Caroline tectonic plate is shown
clearly. Conversely, the boxes across categories constituting Pacific
and Mariana plates have similar areas. The area of the tiles, the bin size,
includes the identification of the sampling data (518 observation
points across 25 bathymetric profiles), giving the proportional value to

the number of observations within that category.

The interpretation and validation of consistency within clusters of
geomorphologic and geological variables have been tested using
silhouette method (Figure 9). This technique provides a succinct
graphical representation of the suitability and fitness of each from 518
observation points across 25 bathymetric profiles within the clusters.
The silhouette value measured the similarity of the points derived from
the thematic layers (sediment thickness, slope steepness of the trench)
to the cluster by cohesion and comparing them with other clusters, and
separating them from the distinct points.

Thus, lower sediment thickness area would lie within one class
while a class of areas with high level of sediment level fits to another.
The silhouette ranges from -1 to +1 (Figure 9), where a high value
indicates that the areas of trench are well matched to their clusters and
poorly matched to the neighboring ones. To achieve the sufficient and
appropriate configuration of the chosen cluster plotting, the
geomorphic groups were grouped by values. The silhouette was
calculated with Euclidean distance metric by calling library{cluster}

using following R code:

pr5 <- pam(MarianaTrench_DF, 6)

str(si <- silhouette(pr5))

>« » o«

plot(si, col = c(“aquamarine”, “aquamarinel”, “aquamarine2”,

“‘aquamarine3”, “aquamarine4”, “aquamarine4”))

The given script plots the silhouettes, returns the values in the n-

by-1 vectors.

Association Plots with Statistical Pearson Residuals

A deviation from the independence of rows and columns
containing bathymetric data and environmental variables is presented
in a two-dimensional contingency table of the Cohen-Friendly
association plots (Figure 10).

Mariana Trench:
Association Plot
Sedimental Thickness and Slope Angle

B
252627 32 3334353637394042 43 4651525562 64 6670

Pearson
residuals:
- 4.80

L 4.00

2510208030099 98 96 93 88 64 53 46

t 200

] O | |

i i e 000

< . 0

driot I 0.49 F 000
re————————————————————— 1Y pvalue =

it —————————————— 028652 toae

prvalue =
028652

Figure 10. Association plot with statistical Pearson residuals,
Mariana Trench

Extended association plot in R reveals relationships between the
variables by the assoc() function in the {vcd} package. In this case, it is
tectonic plates and geomorphological values (bathymetric depths,
slope steepness). The Pearson’s residuals on the association plot report
test for the normality of residuals of the bathymetric observations.
Computing Pearson’s residuals enables to test whether the bathymetric
samples are drawn from the identical distributions or a specified

distribution, following the rules of the bathymetric structure. The
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algorithm of the Pearson’s computing represents the sum of the
differences between the observed and expected outcome frequencies:
the counts of the bathymetric observations along each of the 25
profiles. Each count in turn is squared and divided by the expectation.
In this case, it enables to assess the model fit at each of 518 observations
for every bathymetric profile for the generalized linear models within
the context of the chi-square (Figure 10). It has been computed as a
raw residual divided by the square root of the variance function.
Technically, association plot method includes execution of the
following R code:

library(vced) # calling necessary package

MDF <- read.csv(“Morphology.csv”, header=TRUE, sep = ") #
uploading table

MDEF <- na.omit(MDF) # deleting non available values in the data

frame
row.has.na <- apply(MDF, 1, function(x){any(is.na(x))})

sum(row.has.na) # checking up non available values in the data

frame
head(MDF) # visualizing data frame as a table

# step-2. Merging columns in a table according to their category

values (tectonic plates)

MDTt = melt(setDT(MDF), measure = patterns(“\plate”),

value.name = c(“tectonics”))

levels(MDTt$variable) = c(“Philippine Plate”, “Pacific Plate”,

“Mariana Plate”, “Caroline Plate”)

assoc(count, shade=TRUE) # plotting association plot according to

the tectonic plates crossing the Mariana Trench.

Analysis of Variance (ANOVA) to Assess Hypothesis

Testing

The results have been interpreted on the homogeneity of variance
by means of the one-way ANOVA series of tests (Figure 11). Several
test methods were executed in this research. The brief description of
their advantages and particularities is given below. The Tukey HSD
(Tukey Honest Significant Differences) multiple pairwise-
comparisons were applied to the ANOVA results. Since the ANOVA
test is significant, the Tukey HSD test was computed by R function.
TukeyHSD() takes the fitted ANOVA as an argument. This test
enabled to perform multiple pairwise—comparison between the means
of groups. The library{multcomp} was used to perform a pairwise t-
test and to calculate pairwise comparisons between the group levels
with the corrections for the multiple testing using R function
pairwise.t.test(). The Levene’s test was used to analyse the
homogeneity of variances at the next step of ANOVA testing by calling
function leveneTest() in the {car} package. Comparing to the pairwise
t-test, the advantages of the Levene’s test is its lesser sensitiveness
towards the departures from the normal distribution.

Afterwards, the Welch test was executed in parallel to the
oneway.test() in experimental mode. The Welch-test does not require
that assumption have been implemented in the function oneway.test()
which makes is more suitable comparing to the last one. The Shapiro
test was alternatively used to analyse variance of the residuals (Figure
11, upper left). Finally, a non-parametric Kruskal-Wallis rank sum
test was applied to finish with a series of ANOVA testing. The results
have been interpreted on homogeneity of variance by means of one-
way ANOVA tests. Since the p-value (Figure 11) is less than the
significance level 0.05, one can conclude that there are significant
differences between the groups highlighted with “*” in the model
summary, that is four tectonic plates: Philippine, Pacific, Mariana and
Caroline. The Tukey multiple pairwise-comparisons test enabled to
perform multiple pairwise-comparison between the means of groups
and demonstrated 95% family-wise confidence level of the results. The

plotted homogeneity of variances of the results is shown in Figure 11.

& R Flo EGt Format Workspace Packages&Data Misc Quartz Window Help
R Console

Normal Q-Q

Standardized residuals
1
L

Theoretical Quantiles
Misc_Quortz_Window _Help aovtectonics ~ variable)

Residuals s Fitted

300

%2
ow

Residuals
-100

®
0 omo p o000

200
L

300
.

T T T T
100 150 200 250

o
g

Fitted values
aovltectonics ~ variable)

Figure 11. ANOVA hypothesis testing
Results

As can be drawn from the Figure 5, Mariana plate has the highest
Kernel density of depth distribution values, followed by the Philippine
plate, then Pacific and Caroline, respectively. Kernel density
distribution has been shown in a combined plot enabling to compare
the overlapping and maximal aptitude of the density curves for both
the profiles and depth data distribution by four tectonic plates. The
major trend of the trench angles located on the Pacific plate has
downward general line trend. The Philippine tectonic plate, on the
contrary, has a minimal peak by profiles #14-21, and then moving
upwards. The highest value for Caroline plate has profile #23, while the
maximal level for Mariana plate has profile #7. The Philippine tectonic
plate, on the contrary, has a minimal peak by profiles #14-21, and then
moving upwards. The highest value for Caroline plate has profile #23,

while the maximal level for Mariana plate has profile #7.

From the composition charts (Figure 8), drawn to compare the
slope angles and aspect degree by bathymetric profiles, one can see the

unique patters of these categories for the trench. The basic concepts of
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the close interrelation of various environmental factors (geological
structure, bathymetric patters, tectonic plates location and subduction,
spreading, transform fault, depths) affecting Mariana Trench
formation is reflected in this paper. The technical tools consist of
combination of R programming, GIS spatial analysis and
mathematical algorithms for data processing and modelling. A
comparison of the properties of the oceanic crust and ophiolite
sections, sedimentary thickness and depth distribution across
bathymetric profiles enabled to make a better understanding of the ties
among geospatial factors influencing Mariana Trench formation. In
turn, it facilitate a more reasonable forecast of the possible position of
the mineral deposits fossils within Mariana Trench, for instance in the

Philippine Sea tectonic plate.

The algorithm based objective analysis of the Mariana Trench
bathymetric unevenness enables to better understand its morphology
and structure. The special section of this research is focused on the
detailed technical evaluation of the R and LaTeX scripts and
description of their functionality. The thorough description of the
workflow steps is accompanied by the written most important R scripts
and codes provided in full, what makes this work repeatable. The
discussion of the advantages of the methods enables to have a
representative information on the key procedures of the research. As
demonstrated in this paper, the combination of the statistical analysis
by R programming language, modelling algorithms and GIS geospatial
analysis provide the most effective methods for studying ocean floor
and hadal trenches, the least reachable research objects on the Earth.

Discussion

The study of the structure of the Mariana Trench has a great
scientific and practical interest. First, it relates to the testing theory of
plate tectonics. Second, the estimation of the time and place of where
earthquakes and tsunami may arise is of great importance for the
environmental risk reduction, natural hazard protection and
prevention. Moreover, the distribution of the submarine volcanoes is
important, as they are one of the principal dynamic forces acting on
the Earth’s crust. Finally, ocean mining of the deep-seabed mineral

resources has enormous economic potential.

The aim of the presented research was to identify bathymetric
cross section profiles of the Mariana Trench that show similarity by
their complex parameters, so that they could be grouped into patters.
Using combination of R programming, LaTeX visualization and GIS,
supported by the traditional geologic research, this study enabled to
identify variabilities among factors affecting Mariana trench
morphology. The accuracy of the performed statistical measurements
is impacted by the chosen methodology and the input data:
geomorphological maps, geological attribute tables, bathymetric maps,
other geospatial thematic layers.

The question of the formation and structure of the ocean trenches
has long attracted oceanographers. A variety of research work has been
performed applied for various aspects of the hadal trenches: to
measure trench depth, to assess the volumes of possible hidden
resources in the abyssal depths, to analyse pelagic and biotic

communities, to predict earthquakes frequencies. Nowadays, sound

statistical methods are elaborated as important additions for
traditional GIS methods of geospatial analysis of the deep ocean
trenches. Without machine learning algorithms, a geospatial analysis
of the big data cannot be considered as accurate and may lead to minor
or major shortcomings and errors. Machine learning is therefore

indispensable for such remotely located areas as abyssal depths.

The principle of R based geospatial data mining for the ocean
research is to perform fusion and integration of multi-source data that
allows integration of the heterogeneous information from a variety of
sources for the possibility of in-depth analysis. In such a way, a multi-
dimensional data processing is possible including following thematic
layers: tectonic (continental margin plates), geological (geologic
structure), lithological (sedimentation) and oceanological (direction of
the deep currents). Automatic reflection of the multi-variant data by
the machine learning methods enables to speed up our understanding

of the oceans, as well as to increase the accuracy of the research.
Conclusion

The paper presents an application of the R language towards
geological studies with a specific case of marine geological features,
such as Mariana Trench. The brief sketch on the structure of the main
environmental factors of the Mariana Trench has been presented in
introduction section, briefly summarizing tectonic plates’ movements,
geological structure, sediment conditions, bathymetry, lithological
properties and other features of the Mariana Trench system. It
furthermore reviews the impact of the environmental determinants on
the Mariana Trench formation and structure, for instance, the
relationship of the transform faults with rift valleys, location of the
large igneous polygons. The methodology chapter is focused on the
technical approaches of the study of the trench morphology by means
of R programming, statistical analysis and GIS. The techniques of the
classification are presented, including key R programming scripts. The
results chapter highlights the findings received by the application of
the technical methods (R programming, statistical algorithms and
GIS) with geological analysis of the Mariana Trench seafloor. The
graphical and cartographic materials presented in this research
support results and findings. Current work demonstrates that the
combination of R language, statistical algorithms and Quantum GIS is
a highly effective decision for geospatial research aimed at processing

multi-dimensional geospatial data sets.

As a recommendation for further research focused on ocean
trenches, a traditional methods of the seafloor studies at the GIS level
should always include a set of statistical analysis tools such as R, or
alternatively, python (e.g. ScyPy, NumPy, matplotlib), Matlab, Octave.
Studies of the spatial data series are usually accompanied by the
graphics in view of the facetted plots that can facilitate comparison of
the data by groups. This is especially useful while collecting multi-
dimensional various geophysical data. Since there are many deep
interconnections among factors affecting the formation, morphology
and development of the trench, mathematical algorithms and objective
analyses based approaches are to be used to study marine geo—systems.
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measurements of the specimen were made and recorded with the catalogue number of MEUFC-18-
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Introduction zone (Post, 1990). However, the reproduction of this species usually
occurs in tropical and warm shallow waters (Post, 1990). The

Sudis hyalina belongs to the Paralepididae family of Aulopiformes. maximum length of the species reported in the literature is 100 cm for

It is known that S. hyalina, a deep-sea fish, has a very wide distribution adult individuals, while the total length of young individuals is

area between 200-2000 m depth in the mesopelagic and bathypelagic
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Total dorsal soft rays: 12-16, total anal soft rays: 21-24. Their body
color is silvery pink. The lower jaw of S. hyalina is markedly curled up,
and its teeth are large and the number is greater than the upper jaw.
Gill rakes contain tooth-like structures (Whitehead et al., 1986). The
structure of the mouth and teeth reflects the diet of the species. They

are carnivore predators (Post, 1990).

The records of the species were done from Levantine Basin by
Golani (1996), from Tasucu and Iskenderun Bay by Mater and Kaya
(1987) and Kaya and Bilecenoglu (2000), from the shores of Turkey by
Bilecenoglu et al. (2014), from Mersin Bay by Ergiiden and Bayhan
(2015), from Gokova Bay, Aegean Sea by Tiirker et al. (2016), from the
Lebanese coast by Tortonese (1970) and from the Syrian coast by Ali
et al. (2014) in the Eastern Mediterranean; from the middle and
western Mediterranean Sea by Psomadakis et al. (2006), D’Onghia et
al. (2011), and Mytilineou et al. (2013).

The aim of this study is to report the new locality record of S.
hyalina from Biiyiikeceli coast (Mersin Bay) and to determine the

current status of this species in the coast of Turkey.

Material and Methods

One individual of S. hyalina Rafinesque, 1810 was caught by a
trawl operation at a depth of 365 m on 7 November 2018 in the
Biiyikeceli Coast (Mersin Bay) (coordinate: 36°05°45.5”N
33°23’20.0”E). This specimen was preserved in 4% formalin and was
deposited in the Museum of the Systematic, Faculty of Fisheries,
Mersin ~ University, (catalogue number: MEUFC-18-11-102).
Morphometric and meristic characters of this specimen are given in
Table 1 and sampling point of the species in the Mediterranean Sea is
presented in map (Figure 1). Photographs of caught specimen are

shown in Figures 2.
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Figure 1. Map showing the capture site off Biiyiikeceli, Mersin Bay
(NE Mediterranean Sea)

Figure 2. Photographs of S. hyalina caught from Biiyiikeceli Coast

Results

In this study, a young individual (total size of 38.1 cm) of S. hyalina
was caught from the Biiyiikeceli coast in November 2018. Some
morphometric and meristic measurements of this individual were

made and presented in Table 1.

Table 1. Comparison of S. hyalina individuals in terms of

morphometric and meristic measurements

Present Ali etal., 2014 (n=2)
Measurements (mm)
study (n=1)  1stInd.  2nd Ind.
Morphometric Characters
Total length 381 358 322
Fork length 344 346 296
Standard length 339 328 282
Head length 105 96 83
Interorbital space 11 11 9
Eye diameter 19 21 16
Preorbital length 69 - -
Postorbital length 25 - -
Snout length 46 34 27
Upper jaw length 62 58 52
Lower jaw length 69 64 56
Pectoral fin length 59 62 53
Pectoral fin base 13 12 11
Dorsal fin length 23 26 27
Dorsal fin base 25 23 24
Pelvic fin length 20 24 17
Pelvic fin base 6 4 5
Anal fin length 22 26 22
Anal fin base 43 42 38
Body height 36 36 31
Body depth 22 21 14
Pre-pectoral length 119 119 94
Pre-dorsal length 236 227 193
Pre-pelvic length 117 213 174
Pre-anal length 281 272 234
Pre-adipose fin 287 309 267
Caudal peduncle length 21 - -
Caudal peduncle depth 12 - -
Caudal peduncle height 41 - -
Meristic Characters
Dorsal fin soft rays 13 13 13
Pelvic fin soft rays 8 8 10
Anal fin soft rays 21 21 20
Pectoral fin soft rays 13 13 15
Caudal fin soft rays 20 16 18
Left and right upper jaw teeth 3+3 2+2 3+3
Left and right lower jaw teeth 8+12 6+8 745

Discussion

Morphometric and meristic measurements of the captured

individual were compared with the measurements of two individuals

of S. hyalina that were caught in the coast of Syria by Ali et al. (2014)

(Table 1).

The measurements of two individuals caught in Syrian waters were

found to be compatible with an individual caught from Mersin Bay.

This may be because individuals in both studies had similar size. The
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individuals in both studies were also young. The fact that the young
individuals belonging to the species are rarely caught in coastal waters
during fishing activities may indicate the existence of a population in
the Mediterranean, but also the fact that mature individuals only come
to the shallow waters for spawning. The reproduction of this species
usually occurs in tropical and warm shallow waters (Post, 1990).

S. hyalina has been reported from all over the Mediterranean
(Tortonese, 1970; Mater and Kaya, 1987; Golani, 1996; Kaya and
Bilecenoglu, 2000; Psomadakis et al.,, 2006; D’Onghia et al., 2011;
Mpytilineou et al., 2013; Ali et al., 2014; Bilecenoglu et al., 2014; Ergiiden
and Bayhan, 2015). However, the number of individuals of the species
reported in these records is limited. S. hyalina is a carnivore predator
species and has been continually reported in the Mediterranean over
the past 50 years; this may be indicating that the species is not under
pressure of predator, fishing, or any other non-indigenous species, and
maintains its presence in the Mediterranean. It was thought that the
capture of a small number of individuals of S. hyalina may be due to
the fact that it is a deep sea fish and the adults are present in the

bathypelagic zone, except for spawning period.
Conclusion

According to the literature records, S. hyalina is a circumglobal
species and has been recorded in the Mediterranean Sea for the last 50
years. Therefore, it can be said that the species is permanently found
in the Mediterranean fish species list. The Mediterranean Sea is an
ecosystem that dynamically changes species diversity due to the
Lessepsian migration. Although the earlier records of the species have
been reported, additional records are important biodiversity data in
terms of the current status of the species in the region, the state of
population formation, the examination of the relations between

species.
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Torpedo marmorata, heavy metal in the both muscle oil and liver oil, being rather healthy.
Heavy metal,

Fatty acid

Please cite this paper as follows:

Ayas, D., Erdogan Eliuz, E.A., Peri, F., Bakan, M. (2019). Determination of Usage Potential of Some Mediterranean Rays in Fish Oil Production.
Marine Science and Technology Bulletin, 8(1): 13-22.

* Corresponding author
E-mail address: eliferdogan81 @gmail.com (E.A. Erdogan Eliuz)

13


mailto:eliferdogan81@gmail.com
https://orcid.org/0000-0001-6762-6284
https://orcid.org/0000-0003-4317-3000
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0002-0107-4349

Ayas et al. (2019) Marine Science and Technology Bulletin 8(1): 13-22

Introduction

Fish is a crucial source of food for human health and easily
digestible because of its long muscle fibers. All fish species have fat,
high quality protein, essential minerals and vitamins but, above all,
significant amounts of omega-3 long-chain poly-unsaturated fatty
acids (PUFAs) which are an essentially unique and very essential in
human nutrition. PUFAs like eicosapentaenoic (EPA, C20:5n3),
arachidonic (C20:4n6) and docosahexaenoic (DHA, C22:6n3) acids
which need to be taken from the outside, are not synthesized in the
human body (Kaur et al., 2012). The many studies have showed that
PUFAs prevent and also potentially alleviate cancer, nervous system,
reproductive system and cardiovascular diseases. These fatty acids are
well reported mainly in the prevention of those diseases by protecting
cell-membrane fluidity, improving functions of vascular endothelial
cells, reducing of mild hypertension, decreasing susceptibility to
ventricular abnormal heart rhythms, diminishing secretion of
proinflammatory cytokines by macrophages, inhibiting blood platelet
aggregation (Wiktorowska-Owczarek et al., 2015). Especially, EPA and
DHA, critical for human health, both play a crucial role in the
prevention of a wide range of disorders such as cancer, coronary heart
and cardiovascular diseases (Chan et al., 2005; Navarro-Garcia et al.,
2009; Navarro-Garcia et al., 2014). Therefore, there is increasing
interest nowadays in fish lipids because of their PUFAs.

Heavy metals, macro and trace elements in commercial seafood
are often subject to scientific researches in terms of public health
(Fernandes et al., 2007). Especially, minerals such as sodium (Na),
magnesium (Mg), potassium (K), calcium (Ca), manganese (Mn),
copper (Cu), zinc (Zn), are very helpful for health and complementary
nutritional factors of body metabolism (Ayas et al., 2016). While some
metal and trace elements have a rather vital role for all living systems,
toxic metals such as chromium (Cr), arsenic (As), cadmium (Cd), lead
(Pb), mercury (Hg) have a directly harmful effect on human health in
above acceptable limits and also are used indicator for the pollution
level of the marine ecosystem (Mendil et al., 2010; Authman, 2015;
Cresson et al, 2015). Because of the pollutant factors such as
transportation ports, heavy marine traffic, industry waste, and other
many factories, Northern-Eastern Mediterranean Sea is a risky region
for metal pollution (Yilmaz et al., 2017). Therefore, the recent studies
showed that fish oils can be a better alternative in terms of health
nutrition due to fish tissues may contain relatively high levels of heavy
metals (Basusta and Erdem, 2000; Foran et al., 2003; Cogun et al,,
2005).

D. pastinaca is a member of the Chondrichthyes represented by
sharks, skates, and rays and most primitive living jawed aquatic
vertebrates (Bouchaala et al., 2015). R. clavata and R. radula, named as
thornback, live in sandy and muddy habitats, at depths ranging from
shoreward region to 300 m (Saglam and Bascinar, 2008). R. clavata, a
benthic feeder that prey mainly on crustaceans, is usually found on
shelf and upper slope waters at depths between 10-60 m. These species
are most common rays encountered by divers (Tufan et al., 2013). T.
marmorata, known as marbled electric ray, also is a species of
Torpedinidae family and commonly found in Mediterranean Sea
(Basusta and Erdem, 2000).

Rays were reported to contain a high amount of fat and fatty acid,
which is rich in nutrient by Pal et al. (1998), Colakoglu et al. (2011),
and Beckmann et al. (2014). However, there is a little information on
the lipid level and fatty acid profiles of thornback rays (R. radula, R.
clavata) and other rays (D. pastinaca, T. marmorata). Therefore, we
determined the proximate composition of muscle and liver tissues of
the rays caught from Mersin Bay. With the aim of making use of this
important resources, the lipid levels of their tissues, fatty acid profiles
of their lipids, macro and trace element levels and also the
contamination levels with potential toxic heavy metals of lipids from

extracted the liver and muscle tissues were investigated.

Material and Methods

Collection and Measurements of Rays

Samplings (D. pastinaca, R. radula, R. clavata, T. marmorata) were
carried out between Berdan River (36° 43’ 31.8” N 34° 54’ 27.0” E) and
Yesilovacik Bay (36° 08’ 53.6” N 33° 39’ 40.7” E) by using a commercial
trawler (Figure 1). The sampling was conducted as one season between
March 2016 and April 2016 in Mersin Bay, and ray samples were
provided in sufficient quantities for each species. Fish were grouped
according to species and their sizes (cm) and weights (g) were
measured (Table 1).
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Figure 1. Map of the sampling location (The marked area is the

sampling area)
Fat and Fatty Acids Analyses

Lipid content was measured by the method of Bligh and Dyer
(1959). In extracted lipids, fatty acid methyl esters were obtained using
the Ichihara et al. (1996) method. Fatty acid composition was analyzed
using a Gas Chromatography (GC) Clarus 500 device (Perkin-Elmer,
USA), one flame ionization detector (FID) and SGE (60 m x 0.32 mm
ID BPX70 x 0.25 um, USA or Australia) column. Injector and detector
temperatures were set as 260°C and 230°C respectively. During this
time, the furnace temperature was kept at 140°C for 8 minutes. After
that, it was increased by 4°C per minute until 220°C, and from 220°C
to 230°C by increasing the temperature 1°C per minute. It was kept at
230°C for 15 minutes to complete analysis. Sample scale was 1 uL and
carrier gas was controlled at 16 ps. For split flow 40, 0 mL/minute
(1:40) level was used. Fatty acids were determined using a comparison
to the exit times of the FAME mix that contains 37 standard

components.
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Table 1. Length and weight of ray samples

Measurements D. pastinaca R. radula R. clavata T. marmorata
N 16 8 7 7
Mean DW (cm) 35.90 33.60 38.14 18.26
Range (cm) 30.0-43.5 32.2-35 37.5-39.0 17.7-19.0
Mean DL (cm) 31.83 32.95 31.51 19.93
Range (cm) 24.5-39.0 31-34.9 30.4-33.0 19.5-20.5
Mean TL (cm) 63.13 54.0 52.5 25.63
Range (cm) 54.0-73.0 51.5-56.5 51-54.5 24.6-27.0
Mean TW (g) 1849.38 895.5 899.86 386.43
Range (g) 955-3205 756-1035 824-1001 368-411
Mean LW (g) 140.16 26.21 27.03 12.30
Range (g) 58.3-265.3 23.01-29.40 21.06-35.0 10.65-14.5
LW/TW*100 7.58 2.93 3.00 3.18

Note: N: Total number of specimens, DW: Disc width, DL: Disc length, TL: Total length TW: Total weight LW: Liver weight.

Atherogenicity Index (Al) and Thrombogenicity Index (T1)

The Al and TI linked to the fatty acid composition were calculated
according to Ulbricht and Southgate (1991).

[(ax12:0)+(bx14:0)+(cx16:0)]
[(dx(PUFA n-6+n-3))+(ex (MUFA) )+ (fx(MUFA-18:1))]

[g x (14:0 + 16:0 + 18:0)]

TI=
[
In these formulae; a, ¢, d, e, f=1; b=4; g=1; h, 1, m=0.5; n=3.

Metal Analyses

The samples (0.1 g dry weight) used for metal analysis were dried
at 105°C to reach constant weights, and then concentrated nitric acid
(4 mL, Merck, Darmstadt, Germany) and percholoric acid (2 mL,
Merck, Darmstadt, Germany) were added to the samples, and they
were put on a hot plate set to 150°C until all tissues were dissolved
(Canli and Atli, 2003).

Inductively coupled plasma mass spectrometer (ICP-MS, Agilent,
7500ce Model, Japan) was used to determine metals. ICP-MS
operating conditions were the following: radio frequency (RF) (W),
1500; plasma gas flow rate (L/min),15; auxiliary gas flow rate (L/min),
1; carrier gas flow rate (L/min), 1.1; spray chamber T (°C), 2; sample
depth (mm), 8.6; sample introduction flow rate (mL/min), 1; nebuliser
pump (rps), 0.1; extract lens (V), 1.5. The levels of macro (Na, Mg, P,
K, Ca), trace element (Co, Cu, Zn, Mo, Nj, Se) and potential toxic metal
(Cd, Pb) in samples were detected as pg metal g dry weight. High
Purity Multi Standard (Charleston, SC 29423) was used for
determination of the metal analyses. Standard solutions for calibration
curves were prepared by dilutions of the macro and trace elements and
potential toxic metals. Solutions have prepared for the toxic metals had
a content of lead, cadmium, arsenic and chromium in the range of 1-
50 ppb (0.001 to 0.050 mg/L), for the macro and trace elements had a
content of copper, iron, and zinc in the range of 1-50 ppm (1 to 50
mg/L).

Statistical Analyses

Prior to the analyses, all data were checked for outliers and

Levene’s homogeneity of variance was also applied for variance

(hx(MUFA))+(ix(MUFA-18:1))+(mx(n — 6)) + (n x (n = 3)) + (n — 3/n — 6)]

homogeneity. Statistical analysis of data was carried out with the IBM
SPSS STATISTICS 22 statistical program. ANOVA (Analysis of
Variance) was used to evaluate the differences of metals levels of the

species.

Results

Some Morphological Measurements of Mediterranean
Rays

In this study, the ray samples caught in the Northeastern
Mediterranean Sea (Figure 1) were grouped according to species. Four
species of rays, D. pastinaca, R. radula, R. clavata, T. marmorata have
been detected for some physical properties. A total of 38 individuals,
total lengths (TL), total weight (TW), liver weight (LW), disc length
(DL), disc width (DW) for each ray are presented in Table 1. The
means of DW and DL are ranged from 18.26 to 38.14 cm, and from
19.93 to 32.95 cm in the rays, respectively. The means of the TL, TW,
and LW for D. pastinaca were greater than those of R. radula, R.
clavata, T. marmorata. The mean TL, TW, and LW were determined
to be 63.13 cm, 1849.38 g, 140.16 g for D. pastinaca, 54.0 cm, 895.5 g,
26.21 g for R. radula, 52.5 cm, 899.86 g, 27.03 g for R. clavata and 25.63
cm, 386.43 g, 12.30 g for T. marmorata. The highest mean of LW/TW%

was found D. pastinaca as 7.58%.

The Lipid Levels of the Tissues of Mediterranean Rays

The lipid levels of the liver and muscle tissues of Mediterranean
rays are summarized in Table 2. Lipid levels of the liver tissues of D.
pastinaca, R. radula, R. clavata, T. marmorata were determined to be
80.21%, 53,73%, 45,57% and 45.26%, while lipid levels for muscle
tissue were determined to be 1.62%, 1.31%, 1.20% and 1.43%,
respectively. The percentages of lipid levels in liver tissues of rays had
a significantly higher than in their muscle tissues. Liver tissues of
Mediterranean rays are more suitable for fish oil production.

The highest fish oil (80.21%) has been obtained from the liver of
D. pastinaca (Table 2). The highest mean of LW/TW% was found D.
pastinaca as 7.58% (Table 1). That’s why, the most suitable tissue for

fish oil production is the liver tissue of the D. pastinaca.
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Table 2. The lipid levels of the liver and muscle tissues of Mediterranean rays

Measurements D. pastinaca R. radula R. clavata T. marmorata
Muscle lipid (%) 1.62 1.31 1.20 1.43
Range (%) 1.41-1.76 0.71-1.90 0.95-1.38 1.25-1.57
Liver Lipid (%) 80.21 53.73 45.57 45.26
Range (%) 74.32-85.10 41.90-59.17 40.63-49.28 44.12-46.12

Table 3. The fatty acid profiles of the muscle oil of Mediterranean rays (%)

Fatty Acid D. pastinaca R. radula R. clavata T. marmorata
al Ci - - o -
il XISy XESp) XIS XIS

CI12:0 0.00£0.00* 0.00+0.00* 0.01+0.00° 0.00£0.00*
CI14:0 0.26%0.00* 0.47+0.02> 0.59+0.03¢ 0.76+0.01¢
Cl15:0 0.27+0.00* 0.51+0.00° 0.52+0.02° 0.56%0.01¢
Cl6:0 16.86+0.04* 19.05+0.01° 19.39+0.92° 20.27+0.09¢
C17:0 0.84+0.00* 1.69+0.04¢ 1.40+0.06¢ 1.10+0.01°
C18:0 9.60+0.00°¢ 8.63+0.02° 8.05+0.41° 10.63+0.064
C20:0 0.11+0.00%® 0.10+0.00* 0.11+0.01° 0.11+0.00°
C22:0 0.08+0.01° 0.17£0.00¢ 0.03+0.00* 0.03+0.00*
C24:0 2.44+0.01¢ 2.23+0.03" 2.21+0.10° 1.54+0.01*
YSFA 30.46 32.83 32.31 35.00
Cl4:1 0.08+0.00* 0.10+0.00° 0.08+0.00* 0.14+0.00¢
Cl15:1 0.12+0.00* 0.18+0.00° 0.13+0.01* 0.28+0.00¢
Clé6:1 2.43+0.01¢ 1.48+0.03* 1.42+0.07° 2.33+0.01°
Cl17:1 0.53+0.04* 0.61+0.00° 0.55+0.02* 0.82+0.01¢
C18:1n9t 0.49+0.00¢ 0.33+0.01°¢ 0.24+0.01* 0.28+0.01°
C18:1n9c 7.02+0.00* 7.78+0.02° 9.33+0.47¢ 10.39+0.06¢
Cl18:1n7 5.01+0.01¢ 3.7240.01° 3.34+0.17° 4.79+0.02¢
C20:1n9 0.74+0.00¢ 0.37+0.00* 0.62+0.03> 0.9340.01¢
C22:1n9 11.02+0.06¢ 7.75+0.03> 5.67+0.28* 5.82+0.02°
C24:1n9 0.33+0.00¢ 0.15+0.00° 0.11£0.01* 0.10£0.00*
YXMUFA 27.77 22.47 21.49 25.88
C18:2n6t 0.19+0.00° 0.13+0.00* 0.14%+0.01* 0.14%+0.00*
C18:2n6¢ 0.95+0.02> 1.02+0.01¢ 1.05+0.05¢ 0.90+0.01*
C18:3n3 0.21+0.10° 0.10+0.00* 0.14+0.01* 0.09+0.00*
C18:3n6 0.40+0.00¢ 0.25+0.00* 0.31+0.04° 0.5240.00¢
C20:3n3 0.28+0.00¢ 0.21£0.01¢ 0.13+0.01* 0.15+0.00°
C20:3n6 0.08+0.00* 0.12+0.00° 0.14+0.01° 0.13+0.01°
C20:4n6 0.39+0.00° 0.48+0.04¢ 0.47+0.03¢ 0.34+0.00*
C20:5n3 2.28+0.00° 3.82+0.02¢ 3.45+0.18¢ 2.06+0.01*
C22:4n6 5.354+0.00¢ 2.17+0.02¢ 1.14+0.07° 1.07+0.01?
C22:6n3 19.84+0.01° 27.05+0.12¢ 28.39+1.464 23.03+0.07°
C22:2cis 1.00+0.01¢ 0.24+0.00* 0.33+0.02° 0.33+0.00°
YPUFA 30.97 35.59 35.69 28.76
SFA/PUFA 0.98 0.92 091 1.22
n7 5.01 3.72 3.34 4.79
2n6 7.36 4.17 3.25 3.10
2n3 22.61 31.18 32.11 25.33
>n9 19.60 16.38 15.97 17.52
n6/n3 0.33 0.13 0.10 0.12
n3/ né6 3.07 7.48 9.88 8.17
DHA/EPA 8.70 7.08 8.22 11.18
Al 0.24 0.31 0.33 0.36
TI 0.28 0.23 0.22 0.30
Unidentiﬁed 10.80 9.09 10.51 10.36

Note: (X + Sx) means Average + Standard deviation
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Fatty Acid Profiles of Mediterranean Rays

Detailed fatty acid profiles of muscle and liver oils of Mediterranean
rays are listed in Table 3 and Table 4, respectively. The fatty acid profiles
of muscle oil and liver oil obtained from D. pastinaca, R. radula, R. clavata,
T. marmorata were compared.

The percentages of ZSFAs in muscle tissues of the rays were reported
to be between 30.46% and 35.00%, XMUFAs levels were 21.49% to 27.77%,

Table 4. The fatty acid profiles of the liver oil of Mediterranean rays (%)

YPUFAs levels were 28.76% to 35.69%; while for liver oils; YSFAs levels
were reported to be between 25.76% and 31.15%, YMUFAs levels were
23.43% to 30.66%, YPUFAs level were 21.86% to 30.54% The lipidic
fractions contained a high amount of PUFAs (up to 50% of the total),
mainly composed of C22:6n3, C20:513, C22:4n6, C20:4n6, C20:3n3,
C18:3n6, C18:3n3, C18:2n6, C18:2n6, in total fatty acid methyl esters
(SFAMEs).

Fatty Acid D. pastinaca R. radula R. clavata T. marmorata
a cil — - - -
(X £ 8x) X £ Sx) X £ Sx) X+ 8x)
C12:0 0.05+0.00° 0.08+0.01¢ 0.04+0.01° 0.02+0.00*
C14:0 1.56+0.01% 1.71+0.06° 2.03+0.03¢ 1.40+0.39*
C15:0 0.98+0.01° 1.15+0.04° 0.87+0.01° 0.92+0.23*
C16:0 14.58+0.04* 14.68+0.57* 16.07+0.24* 14.81+3.80*
C17:0 1.20+0.00° 1.88+0.11° 1.32+0.02° 1.26+0.32*
C18:0 5.69+0.01° 9.73+0.44¢ 6.16+0.10® 6.52+1.62°
C20:0 0.29+0.00¢ 0.48+0.03¢ 0.27+0.01 0.22+0.06
C22:0 0.08+0.00° 0.03+0.00° 0.15+0.00¢ 0.05+0.01%
C24:0 1.33+0.00° 1.41+0,06° 1,53+0.02¢ 1.91+0.49°
2SFA 25.76 31.15 28.44 27.11
Ci4:1 0.28+0.01¢ 0.22+0.01° 0.26x0.01¢ 0.15+0.04°
Ci5:1 0.46x0.01¢ 0.28+0.01° 0.25+0.01° 0.12+0.03?
Cle6:1 6,03+0.02¢ 3.75+0.15° 4.64+0.07° 3.46+0.93°
Ci17:1 1.00+0.00¢ 0.93+0.04% 0.80+0.01° 0.97+0.24%
C18:1n9t 0.71+0.00¢ 0.44+0.02¢ 0.34+0.00° 0.23+0.06*
C18:1n9¢ 11.2740.02* 11.27+0.47* 14.10+0.23° 11.01+2.83*
C18:1n7 4.49+0.01° 3.95+0.17% 3.85+0.06% 3.83+0.99*
C20:1n9 0.90+0.00° 0.65+0.03* 1.22+0.02¢ 0.80+0.22%
C22:1n9 5.46+0.02¢ 6.25+0.28¢ 4.03+0.06" 2.74+0.70*
C24:1n9 0.06+0.00? 0.11+0.01° 0.05+0.00? 0.12+0.03°
2MUFA 30.66 27.85 29.54 23.43
C18:2n6t 0.09+0.00? 0.19+0.01° 0.21+0.00¢ 0.15+0.04°
C18:2n6¢ 1.22+0.01° 1.55+0.07° 1.49+0.03° 1.09+0.28°
C18:3n3 0.26+0.01° 0.30+0.01¢ 0.27+0.01 0.20+0.06°
C18:3n6 0.38+0.00® 0.47+0.02° 0.35+0.02¢ 0.45+0.13°
C20:3n3 0.24+0.00° 0.21+0.01%® 0.18+0.00? 0.21+0.06%
C20:3n6 0.31+0.01° 0.25+0.01* 0.39+0.01¢ 0.31+0.08"
C20:4n6 0.89+0.01¢ 0.83+0.03¢ 0.71+0.01° 0.39+0.10*
C20:5n3 5.30+0.01° 9.14+0.40¢ 5.72+0.10° 2.64+0.68*
C22:4n6 3.32+0.01¢ 1.09+0.05° 0.69+0.01° 1.19+0.30°
C22:6n3 8.79+0.02° 13.69+0.62° 20.21+0.33¢ 17.71+4.57
C22:2cis 1.06+0.01° 0.28+0.01* 0.32+0.00° 0.27+0.07*
2PUFA 21.86 28.00 30.54 24.61
SFA/PUFA 1.18 1.11 0.93 1.10
n7 4.49 3.95 3.85 3.83
2n6 6.21 4.38 3.84 3.58
2n3 14.59 23.34 26.38 20.76
2n9 18.40 18.72 19.74 14.90
né/n3 0.43 0.19 0.15 0.17
n3/ n6 2.35 5.33 6.87 5.80
DHA/EPA 1.66 1.50 3.53 6.71
Al 0.32 0.32 0.34 0.33
TI 0.30 0.26 0.23 0.26
Unidentified 21.76 13.00 11.48 24.85

Note: (X + Sx) means Average + Standard deviation
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Among the SFAs, those occurring at the highest proportions in
muscle oil were palmitic acid (C16:0), 20.27% for T. marmorata,
19.39% for R. clavata, 19.05% for R. radula, 16.86% for D. pastinaca
followed by stearic acid (C18:0) 10.63% for T. marmorata, 9.60% for
D. pastinaca, 8.63% for R. radula, 8.05% for R. clavata. The most
abundant MUFAs found in muscle oils of all samples were C22:1n9,
11.02% for D. pastinaca, 7.75% for R. radula, 5.82% for T. marmorata,
5.67% for R. clavata; C18:1n9c, 10.39% for T. marmorata, 9.33% for R.
clavata, 7.78% for R. radula, 7.02% for D. pastinaca and C18:1n7,
5.01% for D. pastinaca, 4.79% for T. marmorata, 3.72% for R. radula,

3.34% for R. clavata. The percentages of PUFAs found in muscle of the
studied ray species were important. EPA (C20:5n3), and DHA
(C22:6n3), the major n-3 of PUFAs of the muscle tissues, were
determined to be 2.06% and 23.03% for T. marmorata, 3.45% and
28.39% for R. clavata, 3.82% and 27.05% for R. radula, 2.28% and
19.84% for D. pastinaca, respectively.

Al values were between 0.24 and 0.36 in the muscle oils, and
between 0.32 and 0.34 in the liver oils. The highest AI value was in the

muscle of T. marmorata (0.44) and in the liver oil of R. clavata (0.34).

Table 5. Macro-trace elements and heavy metal levels of the tissues of the Mediterranean rays (ug g*)

Elements D. ILtinaca RLdula RM g L. anorata Tissue
X'+ Sx) X'+ Sx) X'+ Sx) X'+ Sx)

3950.64+373.50*Y 3365.60+842.70** 10627.43+449.97%Y 7720.04+100.03>*  Muscle

Na 1338.30+£330.94** 2051.93+268.192>% 3028.69+50.01>* 7214.95+£50.23°*  Liver
759.20+£96.59*Y 1350.39+250.94%Y 822.85+£22.11% 800.76+10.07*  Muscle

Mg 0.35+£0.01** 0.32+£0.01>* 0.29+0.01>* 0.32+0.02**  Liver
7570.53+426.70*Y 6500.16+734.76*Y 10356.34+301.45>Y 5828.01+99.87*Y  Muscle

P 2823.01+£299.85** 3134.10+99.14>* 3082.65+53.24** 3277.31+£147.09**  Liver
14095.17+1397.87%Y 9559.93+373.51*Y 28546.95+500.275 11107.98+478.83*  Muscle

K 4231.31+£507.93** 4789.51+122.84* 6182.47+97.08** 7201.11+476.43**  Liver
608.65+£25.50** 474.16£161.71** 492.63£9.78** 829.09+23.89>*  Muscle

Ca 757.81£53.79** 614.18+198.02** 543.52+15.44** 1378.97+98.99*Y  Liver
2.96+0.435* 2.96+0.97°* 4.76+0.15Y 0.35+£0.02**  Muscle

cr 1.94+0.75** 0.50£0.38>* 0.91£0.05** 1.52+0.05*  Liver
0.62+0.06** 0.83£0.05%* 0.83+0.03>* 0.85+£0.05**  Muscle

Mn 1.82+0.25% 2.25+0.12% 2.98+0.14%Y 1.87+0.10%  Liver
2.42+0.315* 0.74%0.10%>* 0.35+£0.03>* 0.60+0.05"*  Muscle

Cu 3.24+0.31* 13.08+2.24%Y 10.37+0.35%Y 6.25+0.09>  Liver
12.61+0.53bx 14.23+0.50* 9.24+0.49** 11.83+0.95*  Muscle

Zn 13.83+1.75** 24.60+4.99°* 22.30+1.57%Y 14.26+£0.26**  Liver
123.07£25.74* 138.98+34.00** 800.56+19.78>Y 64.52+2.56>  Muscle

As 41.06+6.44>* 69.74+18.60°* 119.1449.77>* 43.73£0.99**  Liver
9.94+1.23bx 2.93+£0.56** 5.26+0.20P* 2.90+£0.26*  Muscle

Se 8.00+£1.08* 2.74+0.41>* 5.38+0.29%* 4.57+0.33%®*  Liver

Note: Values in same rows and columns in each metals with different letters are significantly different (p<0.05)

(X £ Sy) means Average + Standard deviation

Table 6. The levels of the potential toxic metal in the muscle and liver oils (ug g™)

D. pastinaca  R.radula  R. clavata

T. marmorata

Elements XIs)  (XIs) (KEs)  XEsp
ND ND ND ND Muscle
cr ND ND ND ND Liver
ND ND ND ND Muscle
As ND ND ND ND Liver
ND ND ND ND Muscle
Cd ND ND ND ND Liver
ND ND ND ND Muscle
Pb ND ND ND ND Liver
ND ND ND ND Muscle
Hg ND ND ND ND Liver

Note: (X + Sx) means Average + Standard deviation; ND means not detected
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The Macro Elements, Trace Elements and Toxic Heavy

Metal Contents of the Ray Samples

Macro (Na, Mg, P, K and Ca), trace element (Cu, Mn and Se)
contents of livers and muscles from the studied species (D. pastinaca,
R. radula, R. clavata, T. marmorata) are illustrated in Table 5. The
relationship between the amounts of macro elements in muscle tissue
of D. pastinaca and R. radula were determined to be K>P>Na>Mg>Ca
and K> Na> P >Mg>Ca for R. clavata, T. marmorata. In addition, in
liver tissues, the relationship between the macro element levels of D.
radula and R.
K>P>Na>Ca>Mg and Na >K> P>Ca>Mg for T. marmorata. K was the

pastinaca, R. clavata were measured to be
most abundant macronutrient for all ray species and the highest values
(14095.17+1397.87, 9559.93+373.51, 28546.95+500.27,
11107.98+478.83 pg/g) were observed for muscle tissues. The other
macro elements were also detected at much higher levels in muscle

from the fishes compared to that of liver.

Discussion

In the present study, the TL (total length) of D. pastinaca ranged
from 54.0 to 73.0 cm, and W (weight) was between 955 and 3205 g. Its
measurements were reported by Yeldan et al. (2009), TL and W ranged
14.6 to 100.9 cm and 22.5 to 6800 g, respectively. Ismen (2003)
reported that the total length of D. pastinaca females ranged from 20.5
to 88 cm, and of its males from 20 to 73 cm caught in Iskenderun Bay.
Maximum total length observed in our study for R. clavata (54.5 cm)
were slightly smaller than found in a study carried out (73.2 cm) in the
Southeastern Black Sea (Demirhan et al., 2005). Kadri et al. (2013)
reported that the TL of R. radula collected from the Gulf of Gabes
(southern Tunisia, central Mediterranean Sea) ranged from 13.4 to 65
cm, similar to our report (51.5 to 56.5 cm). The average total length
and weight of T. marmorata collected from North-Eastern
Mediterranean were detected to be between 12.26 to 40 cm, 40.40 to
1062.00 g, respectively by Duman and Basusta (2013). According to
the study of Filiz and Bilge (2004), T. marmorata ranged between 9.2
to 34.3 cm in TL and 14.88 to 862.11 g in W; between 20.5 to 99.0 cm
in TL and 28.86 to 2614.28 g in W for R. clavata; and 37.3 to 74.2 cm
in TL and 333.23 t0 2955.0 gin W for D. pastinaca in the North Aegean
Sea. These measurements were close to our results (mean TL=25.63,
mean TW=386.43).

Various factors such as seasons, years, climate, temperature,
nutrient, reproductive cycle period, salinity, geographical location, sex
and maturity may be responsible for the differences in parameters of
oil yield, length and weight of the fish (Olusoji et al., 2010). In our
study, we reported that the lipid levels were to be 80.21%, 53,73%,
45,57%, 45.26% in liver and 1.62%, 1.31%, 1.20%, 1.43% in muscle
tissue for D. pastinaca, R. radula, R. clavata, T. marmorata,
respectively. Compared to the lipid content of muscle, the livers of all
rays contains significant lipid content. Colakoglu et al. (2011) reported
that total lipid content of R. clavata was 3.39%. The liver oil level for
D. brevis was reported 25-50% by Navarro-Garcia et al. (2004). The

lipid levels of liver of D. bleekeri were reported as 63.4% from the

coastal region of West Bengal, India (Pal et al., 1998). Liver oil level for
D. americana from the Gulf of Mexico (Navarro-Garcia et al., 2009)
and D. dipterura from Sinaloa of Mexico (Navarro-Garcia et al., 2014)
were 38.2% and 46.41%, respectively. In the present study, liver oil of
D. pastinaca was 80.21%. This level is higher than the results obtained
in other studies. This may be due to differences of the ray species and
regional differences.

The most abundant SFAs found in liver oil of all rays were palmitic
acid, 16.07% for R. clavata, 14.81% for T. marmorata, 14.68% for R.
radula, 14.58% for D. pastinaca and stearic acid (C18:0), 9.73% for R.
radula, 6.52% for T. marmorata, 6.16% for R. clavata, 5.69% for D.
pastinaca. Among the MUFAs, those occurring at the highest
proportions in liver oil were oleic acid, 14.10% for R. clavata, 11.27%
for R. radula, 11.27% for D. pastinaca, 11.01% for T. marmorata
followed by C18:1n7 and C22:1n9, 4.49% and 5.46% for D. pastinaca,
3.95% and 6.25% for R. radula, 3.85% and 4.03% R. clavata, 3.83% and
2.74% for T. marmorata. EPA (C20:5n3) and DHA (C22:6n3), the
major n-3 of PUFASs, in the liver oils of fishes were determined to be
5.30% and 8.79% for D. pastinaca, 9.14% and 13.69% for R. radula,
5.72% and 20.21% for R. clavata, 2.64% and 17.71% for T. marmorata,
respectively.

The primary SFA was palmitic acid (C16:0; 26.45%) in muscle oil
of R. clavata, palmitic acid was followed by stearic acid (C18:0; 10.62%)
in R. clavata (Turan, 2007). Fernandez-Reiriz Pastoriza and Sampedro,
(1992) previously had reported that the main SFAs in R. clavata was
stearic acid followed by palmitic acid. The palmitic acid and stearic
acid were found to be the major SFAs in different fish species (Jabeen
and Chaudhry, 2011). Their study demonstrated Oreochromis
mossambicus, Cyprinus carpio and Labeo rohita from the Indus River
of essential PUFAs
eicosapentaenoic, docosahexaenoic, and arachidonic acids (Jabeen
and Chaudhry, 2011).

The percentages of total SFA and PUFA levels in muscle oil of rays

contained reasonable amounts such as

were observed to be higher than those in liver oil. Differences were also
determined in the fatty acid profiles. The percentages of IMUFAs in
liver oil of D. pastinaca, R. radula, R. clavata were higher than those in
the muscle oil, whereas the YMUFAs level in liver oil of T. marmorata
was lower than in the muscle oil. Moreover, the fatty acid composition
of these fishes showed a relatively high ratio of SFA/PUFA in muscle
and liver oils; for D. pastinaca: 0.98 and 1.18, R. radula: 0.92 and 1.11,
R. clavata: 0.91 and 0.93, T. marmorata: 1.22 and 1.10, respectively.
The fatty acid profiles of both muscle and liver oils showed to be
predominant C16:0 (14.58-20.27%), followed by C22:6n-3, (8.79-
28.39%).

With regard to n-3 PUFAs, we reported that C20:513 and C22:6n3,
the major n-3 of PUFAS, in the liver oils of rays were determined to be
5.30% and 8.79% for D. pastinaca, 9.14% and 13.69% for R. radula,
5.72% and 20.21% for R. clavata, 2.64% and 17.71% for T. marmorata,
respectively. In another studies, the concentration of the EPA and
DHA were found 5.3 and 4.8 g/100 g liver oil in Dasyatis brevis, 5.9 and
10.0 g/100 g liver oil in Gymnura marmorata. G. (Navarro-Garcia et
al., 2004). Similar levels with our study of EPA had been reported in
liver oil of R. clavata. (Ozyilmaz, 2016). High proportions of DHA
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were detected in muscle and liver of Dasyatis marmorata (11.1% and
16.1%, respectively) caught from the East Tropical Atlantic Ocean
(Ould El Kebir et al., 2003).

In our study, the major #n-3 of PUFAs, were determined to be
2.06% and 23.03% for T. marmorata, 3.45% and 28.39% for R. clavata,
3.82% and 27.05% for R. radula, 2.28% and 19.84% for D. pastinaca,
respectively. In the other hand, the concentration of the DHA
(C22:6n3) in all the rays was seven times higher than the EPA
(C20:5n3). Colakoglu et al. (2011) detected that n-3 and n-6 PUFAs of
R. clavata were higher compared to those of spiny dogfish. Beckmann
et al. (2014) reported that fish oil or poultry oil-fed Heterodontus
portusjacksoni sharks showed significant differences in the muscle and
liver FA profiles in different times (6, 12, 18 weeks). In control groups,
the SFA, PUFA and MUFA were detected 32.5%, 36.0%, 31.6% in liver
oils and 36.3%, 35.7%, 28.0% in muscle oils, respectively. When
compared to other studies, the most abundant fatty acids in liver and
muscle oils of Salmo trutta macrostigma caught from Tohma River
were found to be palmitic acid, stearic acid, oleic acid, EPA and DHA
(Akpinar et al., 2009). Navarro-Garcia et al. (2010) reported that liver
oils from both ray species (Rhinoptera bonasus and Aetobatus
narinari) had similar EPA + DHA contents (13.2 and 8.0, respectively).

It was suggested that the n3/n6 (1:1) ratio is a sufficient index in
comparing relative nutritional value of fatty acids of different fish
species (Turan, 2007). As our study, the n3/n6 ratio of the rays was
found between 3.07 and 9.88 in muscle oils, while between 2.35 and
6.87 in liver oils.

The lowest TI value determined in the muscle oil of R. radula and
both muscle and liver oils of R. clavata were 0.23. The highest TI value
was in the liver oil of D. pastinaca (0.30). From these results, we
detected that both muscle and liver oils had greatly atherogenic and
thrombogenic indices. In another study, Jankowska et al. (2010)
reported the AI values were between to be 0.38 and 0.70, while TIT
values were between to be 0.24 and 0.34 in the muscle, liver, and
mesenteric fat of Perca fluviatilis.

When comparing with the present study, Tirkmen et al. (2014)
measured similar Pb, Mn, Cu, and Cd in livers of T. marmorata, D.
pastinaca, and R. radula. Heavy toxicity metals such as As, Cd, Hg and
Pb are among the most serious elements of marine pollution
worldwide, given their persistency in the environment and
bioaccumulation. These elements are released to the nature through
natural and/or artificial processes, including agriculture, mining,
industrial and urban discharges (Ansari et al., 2004). When it reaches
human body, several toxicological such as immunotoxicity,
teratogenicity, endocrine toxicity and carcinogenetic promotion
occurred. (Ahlborg et al., 1994). When metal varies that accumulated
by aquatic organisms are excessively intake to human body, they cause
diseases in metabolism due to their toxicity (Foran et al., 2003). In our
study, we reported that there is no information about Cd, Pb, Cr, As,
Hg metals in any oil samples extracted from liver and muscle.
Similarly, Rubio-Rodriguez et al. (2012) reported that heavy metals
(Cd, Hg, Pb, As) in fish oil extracted from livers of Merluccius
paradoxus, Hoplostethus atlanticus, and Salmo salar were to be
negligible. In the study of Foran et al. (2003), they have shown that the

levels of mercury in the 5 commercial brands of fish oil ranged from
non-detectable (6 mg/L) to negligible (10-12 mg/L). Also, they have
expressed that consumption of fish oil were safer alternative to fish
preparations (Foran et al., 2003).

In the studied on tissues, according the study of Canli and Atli
(2003), the concentrations of Cu (202.8), Cd (4.50), Cr (17.1) and Pb
(41.2) were detected in liver tissues of Mugil cephalus, Trigla cuculus,
Sardina pilchardus and Atherina hepsetus, respectively. Bat and Arici
(2016) presented that toxic element limit values of Atlantic bonito
(Sarda sarda) caught in the Black Sea were edible levels. Giimgiim et
al. (1994) were not detected Co, Mo, Pb and V accumulation in
Cyprinion macrostomus and Garra rufa from Tigris River by Ergani
Copper Plant and the geochemical structure of this region. Studies
have reported that Pb and Cd accumulation levels of marine fish were
in the following orders: Gonads > Skin > Gill > Liver > Muscle
according to Masoud et al. (2007) and Spleen > Kidney > Liver > Gill
> Muscle according to Cogun et al. (2005). Anyway, mean value of As
levels in Sardinia lascaris were Liver > Muscle > Skin, and in Trachurus
lucerna, Muscle > Liver > Skin (Juresa and Blanusa, 2003).

The liver and muscle tissues of fish are generally contaminated
with toxic metals. However, in this study we have reported that heavy
metals in the oils extracted from liver and muscle tissues from D.
pastinaca, R. radula, R. clavata, T. marmorata were to be below the
limit of detection and not contain a significant amount of them.
Therefore, the oils extracted from these species are suitable for human

consumption in terms of metal contamination and risk of toxicity.

Conclusion

This study compared the fat and fatty acid composition, macro and
trace element levels of the muscle and liver tissues of R. radula, R.
clavata, D. pastinaca, T. marmorata and also the contamination levels
with potential toxic heavy metals of oils of their tissues. Lipid contents
of all the species were reported as sufficient for human health. The
results show that rays are potential resources of polyunsaturated fatty
acids (PUFAs) and should be used in the diet of local populations.
They contained essential macro and trace elements, fatty acids, which
are very crucial for health. Finally, these fish have potential for fish oil
production because of their having no toxic heavy metal in the oils
extracted their liver and muscle tissues. Especially, It was determined
that the most suitable tissue for fish oil production is liver tissue of D.
pascinata in terms of its oil level, size or weight and also having none

heavy metal risk of its oils.
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The ship demolition sector is one of the major suppliers of the steel market, even though its share
in the total scrap market is very small. As the sector is a supplier of the steel market, it is inevitable
that the price changes will be reflected in the construction sector, which is one of the largest steel
customers. In this context, it is aimed in this study to determine whether the changes in demolition
prices of Turkey, which is one of the main ship demolition locations in the world, have an effect on
the construction costs in the country. In order to investigate possible relationships, Turkish
demolition prices and Construction Cost Index (CCI) variables are used. The dataset covers the dates
between January 2015 and December 2018, and consists of 48 monthly observations. Asymmetric
causality test is used to determine the causal relationship between the variables by separating the
shocks they contain as positive and negative. The econometric relationship is analyzed with both the
USD currency price offered by Turkish demolition businesses and the corresponding TL currency
prices in order to diversify the results. According to the results, causality relation from positive shocks
in USD based demolition prices to the positive shocks in construction costs index is determined. In
addition, there are causalities from positive shocks in TL based demolition prices to the positive
shocks in construction cost index, and from negative shocks in demolition prices to the negative
shocks in the index. This situation shows that the foreign exchange rates also play an important role

in shaping the costs of the construction sector.
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Introduction

The scrap sector meets some part of the demand for steel by

A relatively small portion of the scrap sector is obtained from ship
demolition activities (Mikelis, 2013). Ships that have completed their

economic life are sent to demolition and become both an income

supplying the scrapped steel to the market (Merikas et al., 2015).
Products obtained from this scrapped steel are generally used as
construction iron. From this point of view, it is not unreasonable to
say that changes in scrap iron prices cause changes in the iron supply
costs of the construction sector, which consequently cause a change in

the general cost of construction.

* Corresponding author
E-mail address: abdullah.acik@deu.edu.tr (A. Agik)

source for shipowners and a steel source for the construction sector
(Strandenes, 2010). The demolition activities are carried out in a few
locations across the world such as Bangladesh, China, India, Pakistan,
and Turkey, and these countries offer a specific price per tonne to
attract ships. This offered price is affected by both maritime market
(Mikelis, 2007; A¢ik and Baser, 2018a) and steel market (Mikelis,
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2013), however these interactions are not covered by this study. In this
study, the aim is to examine the causal relationship between the
proposed price for demolition by Turkish demolition businesses and
the construction costs in the country. For representing construction
costs in Turkey, Construction Cost Index (CCI) published by
TURKSTAT is used.

The relationship between the price of ship demolition and the
construction cost is examined and diversified in two ways. The first
one is examining with USD currency, which is the original demolition
price, and the second one is examining with corresponding TL value
of the original demolition price. Taking into account the possibility of
losing their linearity since the financial series are exposed to many
unexpected events and shocks, the relationship between variables is
examined by nonlinear causality analysis in addition to the linear
causality analysis. It is thought that the implementation of the two kind
of analyses is functional in order to discover whether the relationship
between the variables is linear and to prove the advantage of the
method used. The selected nonlinear analysis is the asymmetric
causality analysis, which enables to determine the causality
relationship between the positive and negative shocks included by the
considered variables. This feature is important since it is natural for
players in the market to react differently depending on the type of
shock.

No significant relationship can be obtained according to the linear
causality analysis, and the linearity of the series is investigated with the
Brock, Dechert and Scheinkman (BDS) test. Since the BDS test reveals
that the series are not linear, the asymmetric causality test is applied.
According to the results of the analyses, significant results are obtained
in both cases. Positive shocks in demolition prices with USD currency
are the cause of positive shocks in construction cost index. On the
other hand, in the case of corresponding TL values, positive shocks in
the demolition prices are the causes of positive shocks in the
construction cost index, and negative shocks in the demolition prices
are the causes of negative shocks in construction cost index. This
situation shows that the foreign exchange rates also play an important
role in shaping the costs of the construction sector as well as the
international prices. Increasing shocks in USD based prices are
reflected in the construction sector costs immediately, while lowering
shocks are not reflected. Instead, the lowering shocks in TL based
prices have led to lowering shocks in the cost of construction sector
due to the drop in the exchange rates.

The related literature is evaluated in the second section of the study
and the current study is positioned. The method used in the study is
introduced and the reasons for its use are expressed in the third
section. The relevant data set is examined and the results obtained
from analyses are presented in the fourth section. The results are
evaluated and several policy implications are proposed in the last

section.

Literature Reviews

As mentioned by Karlis and Polemis (2016) ship demolition
market literature is predominantly centered around the environmental
and regulatory parts of the point. There are fairly limited and rare

studies focused on the economic analysis of the sector and the factors

affecting demolition sector. In summary, the main topics related to the
demolition industry in the literature; the probability of a vessel to be
scrapped in major demolition yards in the world and impact of several
factors on that probability (Knapp et al., 2008), the relationship
between international scrap price and demolition price (Kagkarakis et
al,, 2016), the process of ship sale for demolition (Karlis and Polemis,
2016), the relationship between freight levels and the amount of vessel
sent to the demolition (Agik and Baser, 2017), the impact of supply
side on the price formation in demolition industry (Kagkarakis, 2017),
the relationship between the demolition price and the freight level in
the dry bulk market (A¢ik and Bager, 2018a), market efficiency in ship
demolition prices (Agik and Bager, 2018b), ship demolition decisions
of individual shipowners in different market conditions (Yin and Fan,
2018). Also, some evaluations are made about ship demolition market
through various statistical data in some studies (Buxton, 1991; Mikelis,
2007; Mikelis, 2013).

The study of Knapp et al. (2008) provides useful insights into the
dynamics of the ship demolition market by applying econometric
analysis with a comprehensive data set covering 29-year period and
collected from several sources. The findings conclude a negative
relationship with earnings which means an increase in earnings
decreases the probability of a ship being demolished, and a positive
relationship with demolition prices which means an increase in the
demolition price will lead to a higher probability of ships being
scrapped.

Kagkarakis et al. (2016) have investigated the causal relationship
between international steel-scrap prices and ship demolition prices.
Their findings have resulted that the ship demolition price is also
determined by other market conditions such as the international steel-
scrap trade. The steel-scrap imports in the ship demolition regions are
quite higher than the volume of scrap-metal obtained from ship
demolition. They have also suggested that the signals provided by the
global steel-scrap prices to the ship demolition market can be taken
into consideration by shipowners and practitioners.

Karlis and Polemis (2016) have analyzed the ship sale process for
demolition by focusing on the monetary flows of the ships sale activity.
They have stated that the ship sale decision for demolition market is
oriented by some factors, for instance the state of the market cycle,
which is considered to be the most important one. The ship sale
decision of the shipowner will be affected by the offered ship scrapping
price.

In a study conducted by Agik and Bager (2017), the relationship
between the freight rates and the amount of vessel sent to the scrapping
is investigated through correlation and regression analysis. In theory,
the decline of revenues in the market causes the operational activities
of old and obsolete ships to be unsustainable, therefore when the
freight rates fall, there is an increase in the amount of vessel going to
scrapping. As a result of analyses carried out by the authors, they
confirm the negative relationship between the freight rates and the
amount of ship sent to the scrapping.

In the study of Kagkarakis (2017) the effects of both the supply and
the demand factors on the ship-demolition price formation has been
investigated by the vector autoregressive model method in the crude

tanker and the bulk carrier markets. The findings of the study have
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showed that the supply side factors have limited impact on the price
formation in the demolition industry.

In another study conducted by Acik and Bager (2018a), the
relationship between the scrap prices and the freight rates has been
examined. The increase in freight rates implies an economic recovery,
as the demand for transportation activities has increased. In addition,
as mentioned in the previous studies by the same authors, the increase
in freight rates cause a decrease in the amount of vessel sent to the
demolition (A¢ik and Bager, 2017). Increased steel demand caused by
the economic recovery and the shortage of ships in the demolition
yards due to the buoyant freight market conditions may cause an
increase in the offered demolition prices. In the results of the analyses
carried out in this context, the positive relationship between freight
rates and demolition prices is confirmed by the authors.

Acik and Bager (2018b) have investigated the validity of the weak
form Efficient Market Hypothesis in the demolition prices. Being
efficient in the weak form means that the prices do not have a
relationship with their historical values and they move randomly.
However, some demolition market factors such as its small share in the
general scrap industry (Mikelis, 2013), its close relationship with
general scrap prices (Mikelis, 2007; A¢ik and Bager 2018b), its
relationship with freight market conditions (Buxton, 1991; A¢ik and
Bager, 2017), its limited locations in the word, and its sensitivity to steel
industry demand (Kagkarakis et al., 2016) are said to be prevent the
prices from moving randomly. The authors have concluded that the
demolition prices of five major demolition locations (Bangladesh,
China, India, Pakistan, and Turkey) are not efficient in the weak form
as a result of the BDS test.

The individual shipowners’ ship demolition decisions and their
behavioral changes after the financial crisis period have been analyzed
by Yin and Fan (2018). The findings of the survival analysis models
(the one period before the financial crisis in 2008 and one after) have
indicated that while the main actors of ship demolition market are the
shipowners from developed countries before the financial crisis, more
shipowners from developing countries started to get involved after the
crisis period.

One of the main customers of the steel market is the construction
industry. Although the share of ship scrap remains small in the steel
industry, it is not a poor opinion to think that it affects the general
market. Therefore, it is likely that there is a relationship between ship
demolition prices and construction costs. However, as can be seen
from the literature reviewed, no studies that examined this possible
relationship econometrically have been found. In this regard, this
study offers an original contribution to the literature by examining the
relationship by the case of Turkish industries. Moreover, another
important point that increases the originality of the study is the
method used. Due to the partly complex nature of the ship demolition
market affected by both the maritime market and the steel market, it is
difficult to establish linear relations. In this context, the asymmetric
causality test, which provides the opportunity to examine the
relationships in a nonlinear manner by separating the shocks in the

variables as positive and negative, strengthens the findings of the study.

Methodology

In accordance with the purpose of the study, used methods
respectively are standard linear causality analysis, BDS test and
asymmetric causality analysis. Standard linear causality analysis is used
both to determine the direction of the relationship between variables
and to show the possible insufficiency of linear methods in
determination causal relationships in the maritime markets. The BDS
test is used to examine whether the series are linear or not, in addition
to the information obtained from distributions of the variables.
Finally, the asymmetric causality test is used to examine the possible
nonlinear relationship between the variables by separating the shocks
as negative and positive.

The most basic method of investigating causality relationships
between variables is the standard linear causality analysis developed by
Granger (1969). This method tests the causality relationship between
the two variables by investigating whether the past values of first
variable can explain the current and future values of the second one
(Yu et al,, 2015). In other words, the Granger causality matters if there
is a correlation between the present value of the first variable and the
past values of the second one (Chiou-Wei, 2008). However, studies
conducted in later periods have showed that linear methods may be
insufficient to detect non-linear relationships (Adigiizel et al., 2013;
Bal and Rath, 2015; Kumar, 2017). This deficiency constitutes an
important obstacle, especially considering that the economic and
financial series in the today’s globalized world are constantly exposed
to unexpected shocks and crises.

The standard causality test can be used in a healthy way by
verifying that the structure of the series is linear. In order to test the
linearity structure, the distribution of the series can be examined, or
some additional tests can be used. One of the most common methods
used for investigating the nonlinearity is the BDS test developed by
Brock, Dechert and Scheinkman (1987). It is applied to the residuals
that are separated from an estimated equation, and it checks whether
the residuals are independent and identically distributed. The null
hypothesis of this test indicates that the series conform to these
assumptions (Brock et al, 1996), and the rejection of the null
hypothesis indicates that the residues contain some hidden and
nonlinear structure. The rejection of the null hypothesis implies that
the nonlinear Granger causality test is more appropriate than the linear
one (Lim and Ho, 2013).

The nonlinear causality test used in this study is the asymmetrical
causality analysis developed by Hatemi-J (2012a). The advantage of
this method is that it can separate the shocks included in the variables
as positive and negative ones, and investigate the causal relationships
between them in four possible combinations; (i) from positive shocks
to positive shocks, (ii) from positive shocks to negative shocks, (iii)
from negative shocks to negative shocks, and lastly, (iv) from negative
shocks to positive shocks. The test constructs cumulative sums of
positive and negative shocks in order to determine causal relationships
between them (Tugcu and Topcu, 2018), and thus causal impacts of
positive shocks and negative shocks can be separated (Shahbaz et al.,
2017). This feature is very useful since asymmetric positive and
negative shocks can produce different impacts (Hatemi-J, 2012b). In
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addition, players in the market may react differently depending on the
type of shock they are exposed to (Hatemi-J, 2012a).

Some initial values must be determined before the asymmetric
causality test is applied. Firstly, since this test follows a Toda and
Yamamoto (1995) process, it is necessary to determine the appropriate
degree of integration (Umar and Dahalan, 2016). Various unit root
tests can be used for this, and if there is a unit root in the series, an
extra lag is added to the unrestricted VAR models (Hatemi-J and
Uddin, 2012). In this study, the augmented Dickey-Fuller (ADF) unit
root test developed by Dickey and Fuller (1979) is used. Another value
that must be determined before the analysis is the type of information
criterion that allows to identify the best model. In this study, one of the
most commonly used criteria, Akaike Information Criteria (AIC) is
used in both before the implementation of BDS test and asymmetric
causality test. The other last two values are the maximum number of
lags and the number of bootstrap simulations.

Eviews 10 and GAUSS 10 econometric software packages are used
in the analysis process. The former is used in the unit root test, the
standard Granger causality test, ARIMA estimation and BDS tests
while the latter is used in the asymmetric causality test. In the next
section, the process explained here is followed and the results of the
analysis are presented.

Results

Descriptive statistics of the series are presented in Table 1. The
dataset covers the dates between January 2015 and December 2018,
and consists of 48 monthly observations. As the demolition prices are
obtained in US dollar currency, the statistics for the USD / TL parity
used to convert them to TL are also included in the table. The term of

Tonnage (LDT) that offered to old or obsolete vessels by the ship
demolition operations. The measure of LDT is an indication of the
amount of steel contents of the vessels. The total demolition value of
the ship is determined by multiplying the offered demolition price by
LDT (Allum, 2013).

The Skewness and Kurtosis values in the descriptive statistics also
provide information about the types of shock that the variables are
mostly exposed. If the value of Kurtosis higher than 3, the sign of
Skewness often indicates the type of shocks (news) that is mostly
exposed to. When the values of the variables transformed into the
return series are examined, it can be seen that CCI and USD variables
have positive skewness values, while both other Demo variables have
negative values. These results indicate that the construction cost index
and the USD / TL parity are more exposed to positive shocks in the
covered period. On the other hand, both types of demolition prices are
more exposed to negative shocks in the covered period.

It is also possible to obtain information about the linearity of the
series from the descriptive statistics. The lack of normal distribution of
the series may indicate that they are not linear (Shahbaz et al., 2017)
since the linear structures of the series exposed to too many
unexpected shocks are deteriorated. The determination of the normal
distribution is determined by Jarque-Bera test, and the null hypothesis
of this test indicates that the series have a normal distribution. When
JB probabilities of return series are examined, the null hypothesis is
rejected in all variables, and there is strong evidence that the series are
not linear. This information is important because the asymmetric
causality test is a nonlinear method. In order to strengthen this
information obtained from descriptive statistics, the Brock, Dechert
and Scheinkman (BDS) test is also applied to the series in the further

the demolition prices refers to the US dollars per Light Displacement Process.
Table 1. Descriptive statistics of the data

Values CCI DEMO USD DEM. TL ALNCCI ALNDEM ALNUSD ALNDEM. TL
Mean 126.1 2244 3.55 816.3 0.01 -0.00 0.01 0.01
Median 121.7 231.3 3.48 709.6 0.00 0.00 0.01 0.02
Maximum 182.8 300 6.37 1552 0.07 0.16 0.18 0.15
Minimum 97.1 148 2.33 435.1 -0.03 -0.24 -0.08 -0.19
Std. Dev. 25.2 44.1 0.93 324.0 0.01 0.08 0.04 0.08
Skewness 0.81 -0.04 1.31 0.74 1.09 -0.77 0.83 -0.84
Kurtosis 2.58 1.70 4.20 2.35 4.95 3.68 5.73 3.72
Jarque-Bera 5.62 3.38 16.7 5.20 16.9 5.58 20.0 6.58
Probability 0.06 0.18 0.00 0.07 0.00 0.06 0.00 0.03
Observations 48 48 48 48 47 47 47 47

Source: TCMB (2019); TUIK (2019); Athenian Shipbrokers (2019)

Augmented Dickey-Fuller (1979) test is applied to all series for
stationarity control, and the results are presented in Table 2. The
application of this test is essential for 3 reasons; (i) the series must be
stationary for the implementation of the standard Granger causality
test; (ii) the series must be stationary in order to estimate the ARIMA

models and carry out the BDS test on their residuals; (iii) there is no

requirement for stationarity of the variables in the asymmetric
causality test, however the maximum degree of integration must be
known. According to the results of these tests, all variables become
stationary when the first differences are taken. This stationarity
information also indicates the maximum degree of integration in the

asymmetric causality test.
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Table 2. Augmented Dickey-Fuller unit root test results

Level First Difference
Variable Trend and Trend and
Intercept Intercept
Intercept Intercept

Construction Cost
Index 0.789 -2.300 -4.920™ -4.933™
Turkish Demolition
Prices ($) -1.765 -3.358" -2.798" -2.876™"
Turkish Demolition
Prices (TL) 0.053 -2.956 -6.557"" -6.514™"

Note: Critical values: -2.560 for '10%, -2.92 for “5%, -3.57 for ""1% at
Intercept; -3.18 for "10%, -3.51 for "5%, -4.17 for ""1% at Trend and Intercept.

In addition, the causality relationship between variables is also
tested by the linear method. The analyses are carried out with
stationary variables in both US dollar and TL basis and the results are
presented in Table 3. The optimum lags for both tests are determined
as 1 according to AIC, SC and HQ information criteria. According to
the results obtained, the null hypotheses are rejected in all cases, and
neither the USD nor the TL-based causality relationships can be
determined. This may be considered to indicate the insufficiency of the
linear method to detect nonlinear relationships. In this respect, BDS
test, which is commonly used in determination of the non-linearity, is

carried out.

Table 3. Standard Granger causality analysis
Null Hypothesis: Obs. F-Statistic Prob.

ALNDEMO does not Granger Cause ALNCCI 0.20123 0.6560
ALNCCI does not Granger Cause ALNDEMO 0.00246 0.9607
ALNDEMOTL does not Granger Cause ALNCCI 0.59958 0.4430
ALNCCI does not Granger Cause ALNDEMOTL 0.00628 0.9372

First of all, all the variables are converted into financial return
series by using R; = In; — In;_;. In order to implement the BDS test
in the most appropriate way, the deterministic parts of the data must
be separated firstly, since the rest of the data after this process is the
variance of the series. To separate the deterministic parts, the most
appropriate ARIMA model is determined for each variable through
lowest AIC (Akaike Information Criteria) values. Then the best models
are estimated, and the residuals of the models are separated. Finally,
BDS test is applied to these residuals for 6 dimensions in order to
determine non-linear structures if any. The null hypothesis of this test
indicates that the series contains a non-linear structure, and even if the
null hypothesis is rejected in one of the dimensions, it indicates that
there is a nonlinear structure in the series. The same process is followed
for each variable using the automatic ARIMA forecasting function in
an econometric software.

Firstly, the most suitable model for the Construction Cost Index
(CCI) variable is determined as the model of ARMA (1, 0) with -5.41
AIC value. Then, after the model is estimated, the residuals of the
model are subjected to the BDS test and the results are presented in
Table 4. According to the results obtained, the null hypotheses in the
second and sixth dimensions are rejected and the nonlinear structure
in the series is confirmed. Secondly, the most suitable model for
Demolition Price in US dollar currency (DEMO) variable determined

as the model of ARIMA (5, 5) with -2.21 AIC value. According to the
results of the BDS test applied to the residuals, the null hypotheses are
rejected in the second, third and fifth dimensions. These results
confirm the nonlinear structure in this variable. Finally, the most
suitable model for Demolition Price in TL currency (DEMOTL) is
determined as ARIMA (3, 1) model with -2.13 AIC value. According
to the BDS test applied to the residuals, the null hypotheses are rejected
in the second, fourth and sixth dimensions. Consequently, all variables
contain nonlinear structures, which imply the applicability of the

nonlinear asymmetric causality test.

Table 4. BDS independence test results

Dimension CCIProb. Demo USD Prob. Demo TL Prob.
2 0.0274** 0.0132*%* 0.0905*
3 0.2596 0.0444** 0.1056
4 0.5452 0.1081 0.0587*
5 0.4430 0.0872* 0.1199
6 0.0109** 0.3913 0.0445**

Then the process of the implementation of the asymmetric
causality test begins. Some initial values must be determined before
this test is performed, which are the maximum degree of integration
(dmax), the maximum lags value, the type of information criterion to
choose the most suitable model, and the maximum number of the
bootstrap simulation. The dmax value is the maximum difference that
must be taken in order to make both variables used in the analysis
stationary. Unit root tests are used for the determination of this value,
and according to the ADF unit root test results presented in Table 1,
all variables become stationary when the first differences are taken.
That is, the maximum degree of integration is determined as 1. The
maximum number of lags, which is the other value to be determined,
is set to 4 since the number of the observations in the analysis is small
and the data frequency is monthly. The type of information criteria
used to select the most suitable model is determined as Akaike
Information Criteria (AIC), which is one of the most widely used one.
Lastly, the maximum number of bootstrap simulations is selected as
1000. Then, the asymmetric causality test is applied.

The results of the asymmetric causality test are presented in Table
5. According to the results, while one significant causality has been
determined from the USD based demolition price to the Construction
Cost Index, two significant causal relationships have been determined
from the TL based demolition price. The positive shocks in the USD
Demo variable are the cause of positive shocks in the CCI variable.
Increasing shocks that the price of the demolition is exposed to are the
cause of the increasing shocks of construction costs. However, there is
no relationship between negative shocks. On the other hand, the
positive shocks in the TR Demo variable are the cause of positive
shocks in the CCI variable, and negative shocks in the TR Demo
variable are the cause of negative shocks in the CCI variable. Unlike
the USD-based price, lowering shocks in the TR price are the cause of

negative shocks in the construction cost.
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Table 5. Asymmetric causality test results

USD Demo = Construction

TR Demo = Construction

Values
D+*C* D*C DC DC* D*C* D*C DC DC*

Optimal Lag; VAR(p) 4 1 2 1 4 1 3 1
Additional Lags 1 1 1 1 1 1 1 1
Test Stat (MWALD) 7.97 0.04 0.69 0.28 14.0 0.46 8.12 0.24
Asym. chi-sq. p-value 0.09" 0.83 0.70 0.59 0.00™ 0.49 0.04™ 0.62
1% 34.2 11.2 17.4 10.2 35.0 14.5 31.0 13.3

Critical Val. 5% 16.5 5.04 10.5 5.50 17.0 5.39 17.1 5.47
10% 11.6 3.14 6.99 1.05 11.4 3.04 11.3 3.17

Note: Significance levels: '10%, “5%, ""1%.

Conclusion

The impact of Turkish demolition prices, which is one of the major
ship demolition countries in the world, on construction costs have
been investigated through Construction Cost Index. Although the
share of ship scrap in the total steel market is quite small, it is likely
that there will be a significant relationship as the steel from the ship
demolition is mostly used in the domestic market. In addition, as the
demolition price is affected by both the maritime market and the steel
market, it is likely to follow a parallel line with general steel prices in
the market. In this respect, construction cost changes since the general
steel prices are also associated with demolition prices. However, as the
subject also has a maritime side, the relationship is not clear and
becomes partially complicated. Especially, developments in the freight
market affect the number of ships sent to the demolition (A¢ik and
Bager, 2017) and demolition prices (A¢ik and Bager, 2018)
consequently. Taking into account all of these, the relationship
between demolition price and construction cost is likely to be non-
linear.

Although the main focus of the study is the asymmetric causality
method, standard linear causality analysis is also applied to show that
the relationship between the variables is not linear. Following the
reaching of insignificant results from the linear method, the
nonlinearity is tested, and asymmetrical causality analysis is applied.
In the USD based prices, only one significant relationship is obtained
from four possible combinations, and this proves the accuracy of
selecting the method used. Only the positive shocks in the demolition
price are determined as the cause of the positive shocks in the
Construction Cost Index. However, a negative response to a negative
impact in the linear method is also a strong possibility. On the other
hand, in the TL based prices, causality from negative shocks in
demolition prices to negative shocks in construction costs have been
spotted, in addition to the causality spotted between positive shocks as
in the case of previous currency.

The double causal relations from the TL based prices are probably
due to the imported materials that are included in the construction
cost basket. Since TL based demolition price is negatively affected by
the decrease in the exchange rate as well as the decrease in the USD
based demolition price, downward movements in the construction
cost occur when the TL based price decreases. Accordingly, positive
shocks in the demolition prices cause positive shocks in the
construction cost index, which may be the result of both other kind of

imported materials and the price of steel.

It is hoped that the findings obtained for the construction sector
provide partial useful results for risk minimization and future
foresight. Especially the positive shocks in scrap prices may have a
positive impact on construction costs, which may directly affect the
profitability of firms in the sector. In this context, considering the
general parallel movement of the demolition prices with the
developments in the freight market, it is suggested that firms in the
construction sector should observe the trends in the freight market
while pricing for their products, as the profitability of the firms can be
affected significantly due to the fluctuations in demolition prices in the
period between construction and sales.

In the literature, the interaction of demolition prices with the steel
market is partly examined, however, the impact on construction costs
is not examined by this approach. In this respect, it is thought that the
originality of this study is related both to the unique subject and to the
use of asymmetric causality method for the first time.

As a constraint to the study, only the Construction Cost Index data
starting from 2015 could be reached. Better results can be obtained
with alonger time interval. Similar relations can also be tested for other
major demolition countries and more generalizable results can be
obtained. In addition, Construction Cost Index can be examined
separately according to the possible sub-indices, and the relationship
between the steel-based index and demolition price can be considered

in a more concrete manner.
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A number of studies have shown that mislabelling and species substitutions in fish products are
very common worldwide. This fraud has two major aspects: economics and health. Moreover, poor
trading, and neglecting the species conservation status are growing threats for fish stocks. First the
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(e.g. protein analysis and morphological features) can fail, DNA markers, especially sequencing of
cytochrome oxidase I gene (or DNA barcoding), is becoming a more widely preferred methodology
for species identification. In this study, DNA barcoding technique was employed to confirm the
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species names written on the product packages of fish fillets purchased from the market. The fillets
were labeled as Nile tilapia (Oreochromis niloticus). Among the 15 fillet samples analyzed, only 4 of
them were labeled correctly. Seven (47%) of them were found to originate from pangasius
(Pangasianodon hypophthalmus) and three of them were found to originate from a different tilapia
species (Oreochromis mossambicus). This paper revealed a significant mislabelling of frozen fish fillets
in Turkey. Customers are making informed decisions based on many reasons (like health issues or
palate) and they have the right to eat what they think they are paying for. The results indicate the
necessity for taking immediate actions and regulations against fraud in food items to sustain food

quality and safety.
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Introduction

existing worldwide. They are an important protein source in the

human diet and they possess direct economic value. Like other food

There is an increasing awareness in the world against fraud,
mislabelling and species substitutions in food items due to health and
safety problems as well as economic issues. These issues interfere with
the traceability in the production chain as well as with the applications
of national and international regulations. Fish are an important

component of the present biodiversity with more than 30000 species
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items, mislabelling and species substitutions are also major concerns
in the fishery products market (FAO, 2018a). In general, substitution
and mislabelling rates vary with the species and whether the product is
processed or not. Moreover, the rates can be dependent on the
France lowest

countries,  like having one of the

mislabelling/substitution rates reported (Bénard-Capelle et al., 2015).
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Today, the food industry and consumers are largely focused on
food safety, quality and sustainability (Di Pinto et al., 2015). Accurate
labeling of domestic and imported seafood; reporting the true origin,
content, and the species contained within the product are very
important both for the consumer and the seller companies in order to
prevent possible economic losses as well as health problems, having
allergic reactions being the most important as it can be life-
threatening.

Misidentifications are often made in differentiating between the
species with similar morphological characteristics and in the
nomenclature of species with different names for the same local name
or for the same species (Cawthorn et al., 2012). Since fish meat is a
perishable food, it is a common strategy filleting its meat for fish trade
(Staffen et al., 2017). However, most of the morphological features
used in the identification of fish species during filleting may be lost
during this process. Di Pinto et al. (2013) stated that in trading fish
products, aquaculture products with low economic value can be sold,
in whole or in part, substituting higher quality products. For example,
it has been reported in Iran that, catfish fillets can be sold instead of
sturgeon fillets (Changizi et al., 2013). This is an important issue from
the economic, health and food safety aspects.

There are different markers and methods used in species
identification and authentication based on morphology, proteins, and
DNA. Although morphological characters can be used for species
and Bond, 1990),
misleading/uninformative in discriminating especially between closely

identification  (Strauss they can be
related species. Furthermore, they become useless when it comes to
processed food as the characters are lost. Protein markers used in
identification can be of considerable value in certain instances
(Rehbein, 1990; Hubalkova et al., 2007; Asensio et al., 2008). However,
like morphological characters, protein analyses can fail species
identification, too. Because, proteins start losing their biological
activity once the animal is dead, and they denature once they are
subjected to heat. As accurate identification of fish fillets based on
morphologic or allozyme markers is neither easy nor feasible,
employing DNA based molecular markers for accurate identification
and regular inspection of fillet products is inevitable (Smith et al.,
2008).

DNA sequencing analysis is one of the most widely used molecular
marker in species identification for the last two decades. But; different
laboratories may prefer different DNA regions for the same taxonomic
groups, or different markers are used for different taxonomic groups.
In this case, conducting comparative analyses of DNA sequences
within and across species cannot be carried out. In order to overcome
these problems, Hebert et al. (2003) indicated that a single gene
sequence would be sufficient to differentiate all or at least a large
majority of animal species. For this purpose, they suggested employing
the mitochondrial DNA (mtDNA) cytochrome oxidase gene subunit I
(COI) as a universal biological identification system for animals. In
this methodology, based on the partial sequence of the mtDNA COI
region, each species is represented by a specific sequence and the
sequences of individuals of the same species form a cluster. These DNA
sequences are compared to databases to assign the individual sample
of interest to corresponding species. This resembles the barcoding

system used in stores for tracking the trade items. That is why this

system is called “DNA Barcoding”. Since it has been first proposed by
Hebert et al. (2003), the mtDNA COI gene has been used extensively
in the determination of the species belonging to a sample of unknown
origin, the determination of new sequences of species and the
determination of whether or not a new species of unknown origin. It
has been reported that this partial nucleotide sequence analysis of COI
region in species identification has a discrimination power of 98% in
marine fish and 93% in freshwater fish (Ward et al., 2009).

Currently, about 40% of the total production of aquatic products
is met from aquaculture, worldwide. It is reported that aquaculture
production (fish, crustaceans and mollusks) in the world was 170.35
million tons in 2015 and 76.4 million tons of this production was
obtained through aquaculture (FAO, 2018b), but in 1980 aquaculture
was reported to be only 4.7 million tons (FAO, 2010). The estimated
amount of products obtained from aquaculture by 2030 is expected to
reach or exceed the production from capture fisheries (World Bank,
2013). According to TUIK data (TurkStat, 2018), Turkey has imported
82074 tons of aquatic products in 2016, 100444 tons in 2017 and 98314
tons in 2018. Among these products, imported frozen fish fillets in
2018, which is approximately 5836 tons, comprises about 6% of the
total imported products (TurkStat, 2018). Nile tilapia (Oreochromis
niloticus) is one of the imported freshwater fish species in Turkey, as
fish fillets. TUIK have reported that 400 tons (~7%) of fish fillets
imported in 2018 were Nile tilapia. This fish is also known as aquatic
chicken (Maclean, 1984) and its production is increasing sharply in
each year throughout the world (Ozcan-Gékgek et al., 2012).

In the present study, we aimed at testing the accuracy of the species
declarations on the package of tilapia (O. niloticus) products sold as
fillets in the markets by using DNA barcoding method, which is
accepted as a universal method in species identification.

Material and Methods

Fifteen commercially packed fish fillets were purchased from three
different supermarkets, which were labeled as O. niloticus as the
species name (Figure 1). The fillets were taken to Ege University
Molecular Biology Laboratory. Approximately 100 mg of muscle tissue
samples were taken from each fillet and transferred into 2 ml

eppendorf tubes. Both the fillets and the tissue samples were stored at
-20°C.

Figure 1. Fillet samples purchased from the supermarkets.
For the laboratory analysis, first DNAs were isolated from each
tissue sample using a column-based DNA purification kit (EURX,
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Molecular Biology Products). This kit was preferred because it was
suitable to isolate DNA from fish muscle tissue providing high-quality
DNA with repeatable results. Then, the quality and quantity of DNA
samples were measured by MAESTROGEN™ spectrophotometer. In
addition, the agarose gel (0.5% TBE) electrophoresis method was used
to check whether the quality and quantity of DNA samples were
suitable for the DNA analysis. Since all the extracted DNA samples
were found to be of good quality, they were all used in the following
PCR amplification reactions. For PCR amplification of the mtDNA
COI gene region, primers listed in Ward et al. (2005) were used
(FishF2: 5-TCGACTAATCATAAAGATATCGGCAC-3’; FishR1:5-
TAGACTTCTGGGTGGCCAAAGAATCA-3’). The PCR reactions
were performed on Applied Biosystems™ brand SimpliAmp™
thermal cycling device. The total volume of the reaction mixture was
25 pl; which contained 50 ng genomic DNA, 1X Taq buffer, 5 pmol
from each primer, 2 mM MgCl, 0,2 mM dNTPs, 0.8 unit Tag DNA
polymerase and ultra pure water. The cycling protocol was as follows:
1 cycle of initial denaturation at 95°C for 3 min, followed by 35 cycles
at 94°C for 45 s, 54°C for 45 s, and 72°C for 60s, which then followed
by the final extension at 72°C for 5 min. When performing PCR
amplification, negative control without template DNA was used to
check for possible contamination in every PCR reaction.

PCR amplified products were analyzed by electrophoresis on 1.5%
(w/v) agarose (Sigma A5093) gel in 0.5x TBE buffer (0.089 M Tris,
0.089 M boric acid, 0.002 M EDTA, pH 8.0) and stained with SafeView
DNA Stain (5 uL/100 mL) (GeneMark, Taiwan). A GeneRuler™ 100
bp DNA Ladder Plus (MBI Fermentas,Vilnius, Lithuania) was used as
the molecular weight marker. Image acquisition was performed using
Vilber Lourmat transilluminator. All the amplicons were about 700 bp
in length as expected (Figure 2).
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Figure 2. Imaging of the result of PCR amplification of mtDNA
COI gene region of eight fish fillet samples by agarose gel

electrophoresis method

Having checked the PCR products by agarose gel electrophoresis,
the amplicons were transferred to LetgenBio Ltd. for bidirectional
sequencing using the PCR primers given above (Ward et al., 2005). The
company performs Sanger sequencing reactions using BigDye™
(Applied Biosytems™) and uses capillary-based automatic DNA
Analyzers (ABI DNA Analyzer) for collecting the chromatograms.

After receiving the chromatogram results from the LetgenBio Ltd.,
first, they were all checked by using ChromasPro software
(ChromasPro Version 2.1.8, Technelysium Pty. Ltd., Australia) for
their quality. Then the chromatograms of forward and reverse

sequences for each sample were aligned forming contigs. After analysis
of the contigs, consensus sequences were exported in Fasta format for
each sample for data analysis. The generated sequences were all
BLASTn NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to compare the identity of

subjected to analysis at
generated DNA barcodes to previously deposited sequences in order
to assign the DNA samples of the study to appropriate species.
Taking the BLAST results into consideration, reference sequences
were selected from the NCBI database; which are: KU565839
DQ426667 Oreochromis
LC052672 Oreochromis niloticus, and KR080263 Pangasianodon

Oreochromis mossambicus, niloticus,

hypophthalmus. Afterward, project samples and reference samples
were analyzed to find the best nucleotide substitution model using the
module implemented in the MEGA 7 version (Kumar et al., 2016). The
best model turned out to be HKY (Hasegawa et al., 1985) with zero
gamma distribution. Finally, MEGA software was used to construct a
Neighbor-joining (NJ) tree with 1000 bootstrapping based on the best
model to assess the phylogenetic relationships within and among the

study samples and reference samples.

Results

The mtDNA COI gene barcode sequences of 15 samples obtained
during the analyses were compared with the database using the BLAST
program and the species to which each of the samples belongs to were
detected. As a result of the BLAST comparison, a total of 8 (eight)
samples were revealed as Tilapia (O. niloticus and O. mossambicus) and
7 (seven) samples were revealed as Panga (P. hypophthalmus). The
findings for each fillet are given in Table 1 below.

Table 1. Species detected by DNA barcode analysis of 15 fish fillet
samples analyzed

Sample Species name on the Species name based on DNA

No package barcoding analysis

1 O. niloticus O. niloticus

2 O. niloticus O. niloticus

3 O. niloticus O. mossambicus
4 O. niloticus O. niloticus

5 O. niloticus O. niloticus

6 O. niloticus O. mossambicus
7 O. niloticus O. niloticus

8 O. niloticus O. mossambicus
9 O. niloticus P. hypophthalmus
10 O. niloticus P. hypophthalmus
11 O. niloticus P. hypophthalmus
12 O. niloticus P. hypophthalmus
13 O. niloticus P. hypophthalmus
14 O. niloticus P. hypophthalmus
15 O. niloticus P. hypophthalmus

The actual species names of the fish fillets revealed by the BLAST
software were also prominent in the evolutionary relationship tree

reconstructed by using MEGA 7 software (Figure 3).
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Figure 3. Phylogenetic relationship tree of the barcoding
sequences of the 15 samples and the reference sequences,
reconstructed by Neighbor-Joining method with 1000 bootstrap,
based on HKY substitution model.

There were three clades revealed by phylogenetic tree. P.
hypophthalmus reference sample and seven of the analyzed samples
formed a distinct clade separating from Tilapia species (O. niloticus
(Sample 1, 2, 4, 5,7) and O. mossambicus (Sample 3, 6, 8)) with a 100%
branch support. Moreover, reference samples from the two Tilapia
species are divided into two different clades with high branch supports.
The reference sample for O. mossambicus and three of the analyzed
samples formed one clade with an 89% branch support and the
reference samples for O. niloticus and five of the analyzed samples
formed the other clade with a 100% branch support. These results were
in consisted with the BLAST analysis.

Discussion

The studies around the world (e.g. the USA, Brazil, Italy, Iran, etc.)
have reported to have a high rate of substitution in fish products
(Barbuto et al., 2010; Filonzi et al., 2010; Changizi et al., 2013; Di Pinto
etal., 2013, 2015; Staffen et al., 2017; Willette et al., 2017). For example,
Neto (2013) has reported that in the labeling of seafood, tilapia is
substituted by pangasius.

Understanding the incentive behind the mislabeling in fish
products can be difficult to quantify because mislabelling may happen
at any stage of the process. It may result from the fraud of the
manufacturer, vendor, restaurateur or shop owner. However, it might
also be resulted from the confusion of labeling laws, from
misidentification based on morphological characters, or from using
common vernacular. Being independent of the reason, what is often
detected is that products of less value are substituted for more valuable
fish suggesting an economic incentive for illegally substituting fish
(e.g. Barbuto et al,, 2010; Filonzi et al., 2010; Changizi et al., 2013; Di
Pinto et al., 2013, 2015; Staffen et al., 2017; Willette et al., 2017).

In the present study, it was aimed at detecting whether the name
of the species indicated on the frozen fish fillet packages was correct
using DNA Barcoding technique. The BLAST analyses of the 15 DNA
barcoding sequences obtained from the samples purchased from the

shops have revealed that seven of them (47%) were indeed pangasius

despite their label as being O. niloticus. Moreover, three of the eight
tilapia fillets were of O. mossambicus origin; again, despite their labels
as being O. niloticus. When a phylogenetic relationship tree was
reconstructed including reference DNA barcoding sequences taken
from NCBI (KU565839, DQ426667, LC052672, KR080263), the
samples of the present study have grouped in three clades, as expected
based on the BLAST search (Figure 3). In this phylogenetic tree, each
clade included reference sequences of one of the three species: O.
niloticus, O. mossambicus or P. hypophthalmus. These results provided
evidence that commercial fraud and mislabelling can be observed in
fillet fish products; one species substituting for another one as
observed commonly across the world (Barbuto et al., 2010; Filonzi et
al., 2010; Changizi et al., 2013; Di Pinto et al., 2013, 2015; Staffen et al.,
2017). In this study, it was pangasius substituting for tilapia. Neto
(2013) have proposed that substituting tilapia by pangasius is a
marketing strategy to promote the consumption of these products.
Furthermore, for the three of the samples, the genus name on the label
was correct (Oreochromis), but not the species name (true species
name is O. mossambicus).

There are few studies in Turkey reporting similar commercial
fraud and mislabelling. In one of the studies, DNA barcoding analysis
was carried out on surimi products sold in the markets, all of which
were labeled as Alaskan Pollock (Theragra chalcogramma) on their
packages (Keskin and Atar, 2012). Among these 50 surimi-based
products, only 8 of them (%16) were found to be of Alaskan Pollock
origin as declared on the product. Two of the samples were found to
originate from different species and the rest of the samples were found
to originate from different families like Sciaenidae, Synodontidae,
Merlucciidae, Nemipteridae, etc. (Keskin and Atar, 2012). Another
species identification study based on DNA barcoding analysis has been
carried out on the 10 processed squid products purchased from the
markets (Keskin and Atar, 2011). Among these, labels on the 6 of the
squid products were reported as having lacked the information about
the species origin of the products. The sequencing results revealed that
the products were originated from 7 different species confined in two
families: one is commercially high-valued Loliginidae family and the
other one is commercially lower-valued Ommastrephidae family.
Among the 10 samples, 4 of them were composed of the species
belonging to the high-valued Loliginidae family and 6 of them were
composed of the species belonging to the lower-valued
Ommastrephidae family. Furthermore, they revealed that one of the
four products informing the genus name on the label was mislabelled.

There are non-governmental organizations like Oceana
(https://oceana.org) reporting fraud in seafood worldwide. One of the
major concerns in such reports is that higher mercury levels detected
in fraud fish products. Unfortunately, not all the countries, especially
Asian countries, have the same chemical and handling regulations in
aquaculturing fish. One might purchase a fish product thinking that he
is buying a local high value fish, but instead it might turn out to be a
substitute fish imported from Asia. Being uninformed/misinformed
about what fish is on your plate may present a high health risk for you

and your family in terms of heavy metal exposure or allergic reactions.
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Conclusion

The increasing number of studies worldwide has proven that
commercial fraud and mislabelling on aquatic food products and
species substitutions are major problems in terms of food quality and
food safety. Despite the conflicts caused by morphological
identifications (especially for processed food), DNA barcoding
analysis is a highly successful and applicable technique in seafood
safety. The number of existing aquatic species is quite high such that
the discrimination power of DNA barcoding was proven to be high,
even for the identification of the local varieties (Galimberti et al., 2013).
Strict monitoring based on DNA barcoding for end-to-end tracking
supply chains and publicizing the results may help increased awareness
in customers. Moreover, stricker regulations / laws on and increased
consumer awareness may exert pressure on vendors to avoid fraud,
which eventually would help decrease the rate of the fraud observed

worldwide.
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