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Abstract. Potential areas for catching K. pelamis has a close relationship with environmental parameters,
especially chlorophyll-a. The use of remote sensing methods to detect oceanographic parameters including sea
surface temperature (SST), salinity, chlorophyll-a index, currents and other oceanographic conditions. Remote
sensing technology helps in observing oceanographic parameters so that they can determine the effect of
chlorophyll-a on the catch of K. pelamis in the Banda Sea. The purpose of this study was to analyze the
relationship and effect of chlorophyll-a on the catch of K. pelamis. This study uses the data analysis method
used, namely multiple linear regression, because it uses two independent variables, namely chlorophyll-a.
Based on the results and discussions that have been described, it can be concluded that; (1) the value of the
coefficient of determination (Rz) is 0.196 or 19.6%. This shows that the chlorophyll-a factor used can only
explain the real model by 19.6% so that the rest is explained by other factors of 80.4%. Based on the tiest, the
tecount Value of chlorophyll-a was 3.320, the sig value was 0.029. For the twble value of 2.77. Based on the results
obtained the value of tecount > trable @and sig value of 0.029 <0.05. So it was found that Ho was rejected and H:
was accepted, then there was a significant effect between chlorophyll-a and K. pelamis. (2) in the ANOVA table
the value of R2 = 0.779 or 77.9% the effect of chlorophyll-a on K. pelamis, so the remaining 22.1% is another
factor. Based on the calculation of the Fiest using SPSS 25 and manually, it is obtained that the value of Fy =
7.030 and the value of Fwne = 6.94. The results obtained in the ANOVA table have a sign value of 0.049 <0.05.
So it can be concluded that Ho is rejected and Hi is accepted because the sign value is <0.05 or Fg Ftable, SO
there is a significant effect of chlorophyll-a on K. pelamis.

Keywords: Purse seine, remote sensing, Sea surface Temperature (SST), catch season.

Introduction.

The Banda Sea is one of the waters that has this wealth which has an abundant nutrient
load. The distribution of these nutrients can be seen by the upwelling phenomenon in the
Banda Sea (Putra et al 2017). The topography of the seabed is very complex with a basin in
the west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water masses
and varies between seasons is influenced by the monsoon wind pattern system.

The circulation of water mass in Indonesian waters differs between the west monsoon
and the east monsoon. In the west monsoon, water masses generally flow to the east of
Indonesian waters, and vice versa when the eastern monsoons develop perfectly supplying
water masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease in
temperature, an increase in salinity, and a removal of nutrients, so that the availability of
nutrients in the Banda Sea will affect the abundance of plankton in the waters (Baars et al
1990; Armus et al 2019).

The potential area for catching Skipjack tuna (K. pelamis) has a close relationship with
environmental parameters, especially the optimum chlorophyll-a in the range 0.12-0.22 mg
m?3 (Zainuddin 2011; Hidayat et al 2019; Wangi et al 2019). Almost all fish populations that



live in marine waters have an optimum sea surface temperature range and chlorophyll-a for
their life, including K. pelamis (Jufri et al 2014). Remote sensing technology helps in observing
the oceanographic parameters of the surrounding waters in the Banda Sea so that they can
determine the effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea. The purpose
of this study was to analyze the relationship and effect of chlorophyll-a on the catch of K.
pelamis (Mugo et al 2010).

K. pelamis likes areas where there is a convergence of currents that mostly occur in
areas that have many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal migration)
(Ekayana et al 2017). K. pelamis in the small size category tends to be caught in a more
homogeneous (warm) SST, while large K. pelamis is caught in a wider range of SST (cold and
warm)(Simbolon & Limbong 2012). K. pelamis congregates at low chlorophyll-a concentrations
and water depths of = 500 m because K. pelamis is a carnivorous fish with the main prey of
small pelagic fish such as Stelophorus sp. and Sardinella sp. which abundant in continetal shelf
and continetal slope waters (Bubun et al 2015).

Remote sensing technology is an alternative method that is very beneficial if it is used
in a country with a very large area such as Indonesia (Syah 2010). Remote sensing is a
technique for collecting information about objects and their environment from a distance
without physical touch (Lo 1986). The use of remote sensing methods to detect osenographic
parameters including sea surface temperature (SST), salinity, chlorophyll-a index, currents
and other oceanographic conditions is a very appropriate alternative (Tangke 2016; Mashita
& Lumban-Gaol 2019). Remote sensing technology has several advantages including cheap
and easily accessible data prices, wide area coverage, high temporal resolution and digital
data forms, making it a potential source of geographic information system (GIS) data.
(Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect chlorophyll-a
content is the Aqua MODIS satellite (Utari 2013). The variables measured by the Aqua satellite
include aeserol, plants covering land, phytoplankton and dissolved organic matter in the
oceans, as well as air, land and water temperature (Putra et al 2012). The Aqua MODIS
satellite has a polar sun-syncronus orbit. The satellite crosses the equator at noon approaching
13.30 local time (Karif 2014).

Changes in fishing actually occur when the seasons change. Seasonal changes directly
affect the oceanographic aspects of the waters, especially sea surface temperature and
chlorophyll-a, which greatly affect the presence of fish in an area which has an impact on
changes in fishing grounds in that area. Both of these parameters can trigger natural events
or phenomena such as upwelling and fronts (Waileruny et al 2014). The fishing season in
Southeast Sulawesi waters can be found in January to April and July to September. The fishing
season can be affected by the salinity which is the habitat of the caught fish species. In the
eastern monsoon (June to September), high salinity water masses originating from the Flores
Sea and Pacific Ocean flow through the Makassar Strait to the Java Sea. In the western season
(December to March) surface currents move from the South China Sea into the Java Sea from
west to east (Bubun & Mahmud 2016).

Material and Method.

The tools and materials needed in the implementation of this research include stationery,
cameras, rulers, GPS, MODIS data, SeaDas, SPSS 25, and Surfer 13.

Method of collecting data

The data collection method uses primary data (carried out in situ) which is direct
observation in the field by following the fishing operation including operating time, the number
of catches and the position of the fishing area, and by using secondary data including the
image of the distribution of chlorophyll-a level 3 Aqua MODIS downloaded from the NASA



database (http://www.oceancolor.gsfc.nasa.gov) then processed using Seadas to get the
chlorophyll value and processed using Surfer 13 to get the results of the distribution of
chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image with
4 km resolution map with level 3 at night in November 2017 to March 2018. Chlorophyll-a
data is calculated using chlorophyll-a image data that has been corrected both atmospheric
and geometrically. using Seadas which will produce chlorophyll-a distribution data which will
be reprocessed using a computer device, then the data is reprocessed using Surfer 13 which
will find out the distribution of chlorophyll-a in the form of JPEG image format.

The catch used includes the catch weight of K. pelamis during November 2017 to March
2018, analyzed by calculating the weight per fishing trip so that fluctuations in the catch based
on time (temporal) and fishing location (spatial) can be observed.

Data analysis method
Multiple Correlation Analysis

Multiple correlation is a number that shows the direction and strength of the
relationship between two variables together or more with other variables. To be able to provide
an interpretation of the correlation coefficients found to be large or small, it can be guided by
the conditions listed in table 1 below (Sugiono 2007):

Table 1
Assessment of the correlation coefficient (Sugiono 2007).
Coefficient Interval Relationship Level
0,00 - 0,199 Very low
0,20 - 0,399 Low
0,40 - 0,599 Moderate
0,60 - 0,799 Strong
0,80 - 1,00 Very strong

The double correlation formula for two variables is as follows:

R _\/7”32/;(1+ foz_zryxlryxz Tx1x2
.X1X2 T
y-X1¥%2 1-7251 x2

Information :

Ry «,x, = Correlation between variables X_1 and X_2 together with the variable Y
TyX, = Correlation between X, and Y
TYX, = Correlation between X, and Y
rx,x, = Correlation between X; and X,

Multiple Linear Regression Analysis

The data where the correlation coefficient is at a sufficient level or more than sufficient,
then tested again using multiple linear regression (Sugiono 2005). The multiple linear
regression formula is as follows:

Y= a+b1X1+b2X2

Information :

X1 = Variable Sea Surface Temperature
X2 = Chlorophyll-a variable
Y = The most number of certain fish species caught

a, bi, b2 = Constants



Multiple Linear Statistical Test
According to Hasan (2004), multiple linear regression statistical tests are used to test
the significance or not of the relationship of more than two variables through the regression
coefficient. Multiple linear regression, statistical tests can be divided into two, namely as
follows:
1. Concurrent Test
The test conducted in multiple linear regression uses the simultaneous test, which is a
statistical test for the regression coefficient that simultaneously or jointly affects Y, this test
uses the F test, namely:

_R%*(n-k-1)
Fo = k(1-R2)

R2(Zy?)

Fo = s

A-RHEy4)
n—-k—-1

Information :

n = number of subjects

k = number of independent variables
>y? = sum of squares of the variable Y

2. Individual Test

Individual test, namely the statistic for the regression coefficient with only one
regression coefficient that affects Y. This test uses the ttst, namely:

bi—B;
Sh1

to =

Especially for regression involving only two independent variables, the values of Sbi and Sk2
are as follows:

Spr = |S2 L3}
b1 ¢ (xx3)(Tx3)-(Tx1x2)2

Spa = |S2 2]
bz ¢ (3x2)(Zx%)-(Zx1x2)2

S. = /z_ez — | Z¥2-biZxiy-bpFxzy
€ n-3 n-3

Geographical Information Systems (GIS) Analysis

Geographical information system (GIS) analysis using Surfer 13 software was used to
map the distribution of chlorophyll-a in November 2017 to March 2018 based on time
(temporal) and fishing location (spatial) with the aim of producing information about the
relationship of these variables.

Result and Discussion
This research was conducted in November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.



Figure 1. Purse seiner

Fish Catch Results

The fishing operation is carried out in seven trips, with 34 settings. The total catch was
56,689 kg with an average of 12,558.17 kg. The number of catches on the 2" trip (6 times
the setting) was the largest with a total catch of 11,954 kg with an average of 1,992.33 kg or
21.1% of the total catch. Meanwhile, the 3™ trip (2 times setting) was the minimum catch,
namely 5,522 kg with an average of 2,761 kg or 9.7% of the total catch. For more details, see
table 2.

Table 2
The number of fish catch per trip
Trip to- NumI?er of Amount (Kg) Average (Kg) Percentage (%)
settings

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6t 6 7,982 1,330.33 14.1

7th 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Composition of Catch

The catch data consists of seven trips with 34 settings. The main catches are K.
pelamis, T. albacares, E. affinis and D. ruselli. Based on the results obtained, the highest T.
albacares catches were on trip 7™ and the lowest was on trip 5". K. pelamis catches the
highest on trip 2" and the lowest on trip 6. The highest T. albacares catches were on trip 2"
and the lowest was on trip 7™, and the highest D. ruselli was on trip 6" and the lowest was
on trip 3. The composition of the catch can be seen in table 3 below.

Table 3
The composition of the catch based on the type of fish

Total Catch (Kg) Total
T. albacares K. pelamis E. affinis D.ruselli

Trip to-




1st 825 3,018 2,590 1,793 8,226

2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6t 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392

Based on the table above, the highest catch was on the second trip as much as 11,954
kg consisting of 230 kg T. albacares, 5,676 kg K. pelamis, 4,430 kg E. affinis, and 1,618 kg
D. ruselli. The lowest catch was on the 3™ trip as much as 5,522 kg consisting of 90 kg T.
albacares, 4270 kg K. pelamis, 497 kg E. affinis, and 665 kg D. ruselli.

The highest catch of T. albacares was on the 7™ trip as much as 915 kg, while the
lowest was on the 5% trip with no catch. The highest catch of K. pelamis was on the 2" trip as
much as 5,676 kg while the lowest on the 6" trip was 2,536 kg. The highest T. albacares catch
was on the 2" trip as much as 4,430 kg and the lowest on the 7% trip with no catch. The
highest D. ruselli catch was on the 6 trip as much as 4,763 kg and the lowest on the 3™ trip
was 665 kg. Based on all catches, K. pelamis was the most dominant fish caught compared to
other fish. This can be seen in Figure 2 below.

Catch Composition
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Figure 2. Composition diagram of the catch

Average K. Pelamis Persetting Results

The catch of K. pelamis is higher than that of other types. The total catch of K. pelamis
from the 15t trip to the 7t trip was 27,238 kg. The average catch of K. pelamis with the highest
setting on the 3™ trip was 1,495 kg while the lowest catch on the 6™ trip was 422.67 kg. The
catch of the 15 trip was 754.5 kg, the 2™ trip was 946 kg, the 3™ trip was 1,495 kg, the 4t
trip was 737 kg, the 5™ trip was 744.5 kg, the 6™ trip was 422, 67 kg, the 7t trip was 720.5
kg. as shown in Figure 3 below.
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Figure 3. Diagram of the average catch of K. pelamis

Chlorophyli-a

Fertile waters contain high chlorophyll-a concentrations, because chlorophyll-a is an
indicator of fertility in waters. The chlorophyll-a concentration is also influenced by other
factors such as current. Chlorophyll-a image data were downloaded from the NASA database
(http://www.oceancolor.gsfc.nasa.gov). The data will be processed using Seadas which will
produce chlorophyll-a data which is recycled using the help of a computer device, then the
data will be processed using Surfer 13 which will be processed in the form of a JPEG image
format which displays the distribution of chlorophyll-a with different colors for each
chlorophyll-a. The distribution of chlorophyll-a was taken based on the time and position of
the capture. The following is a JPG image format of chlorophyll-a distribution in 7 trips of
fishing.
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Figure 4. Distribution of chlorophyll-a in 7 trips of fishing.

Table 4
Chlorophyll-a Concentration Value

Chlorophyll-a Concentration Value (mg m3)

1st Setting | 2"d Setting | 3™ Setting | 4t" Setting | 5t" Setting | 6" Setting | Average
Trip 1 0.1308 0.1292 0.1273 0.1268 - - 0.1285
Trip 2 0.1176 0.1176 0.1173 0.1266 0.1176 0.1266 0.1205
Trip 3 0.1399 0.1342 - - - - 0.1370
Trip 4 0.1046 0.1080 0.1077 0.1632 - - 0.1209
Trip 5 0.1314 0.1312 0.1312 0.1314 0.1313 0.1258 0.1303
Trip 6 0.1208 0.1288 0.1287 0.1227 0.1281 0.1001 0.1215
Trip 7 0.0895 0.0903 0.0913 0.0880 0.0875 0.0894 0.0893

Information :
The distribution of the highest chlorophyll-a concentrations
The distribution of the lowest chlorophyll-a concentrations

The chlorophyll-a concentration value on the 7% trip decreased significantly, which
was the lowest concentration value compared to the other trips. The higher the chlorophyll-
a concentration value in the waters, the more fertile the waters will be and conversely the
lower the concentration of the waters, the less fertile the waters will be.

Average chlorophyll-a

The average chlorophyll-a can be seen in Figure 5, where the concentration of the
7t trip decreased the concentration of chlorophyll-a which was greatly decreased compared
to the concentration on the other trips. The chlorophyll-a concentration can be seen in the
image below which shows a decrease and an increase in the chlorophyll-a concentration.
The average chlorophyll-a concentration was the highest in trip three and the lowest in trip
7. The difference between the highest and lowest concentrations is 0.0477 mg m?.
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Figure 5. Diagram of average chlorophyll-a for 7 trips

The Relationship between Average Chlorophyll-a against K. pelamis

The relationship of chlorophyll-a to the catch of K. pelamis was calculated using a
multiple correlation test. Multiple correlation estimator level of chlorophyll-a relationship
to K. pelamis catch. Manual multiple correlation test using SPSS 25.

Relationship between Chlorophyll-a
to K. pelamis
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Chlorophyll-a (mg m3)

Figure 6. Graph of chlorophyll-a relationship to K. pelamis

Based on graph 6 above, the coefficient of determination (R?) is 0.196 or 19.6%.
This shows that the chlorophyll-a factor used can only explain the actual model by 19.6%
so that the remaining 80.4% is explained by other factors such as salinity, currents and
others.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
stated as positive, if the value of one variable is increased, it will increase the value of the
other variables and vice versa (Sugiono 2007). So the positive relationship between
chlorophyll-a and the catch of K. pelamis, this means that if the chlorophyll-a is higher it
will increase the catch, and vice versa if the chlorophyll-a is lower it will decrease the catch
of K. pelamis.

Hypothesis testing is used to determine whether the hypothesis is accepted or
rejected, then the t test is used. This hypothesis uses the help of the Coefficients table
(Table 7). Based on this table, the tecunt value of chlorophyll-a is 3,320 and a sig value of
0.029. Based on the results obtained, the value tcount > ttable = 3,320 > 2.77 and the value
of sig. 0.029 < 0.05. Obtained Ho is rejected and Hi is accepted, so there is a significant
effect between chlorophyll-a and the catch of K. pelamis, this is in accordance with previous
research conducted by Demena et al (2017) which states that chlorophyll-a and the number



of catches K. pelamis has a unidirectional relationship, and the chlorophyll-a concentration
affects the presence of K. pelamis.

The Effect of Chlorophyll-a on the Catch of K. pelamis

chlorophyll-a is an indicator that greatly influences the presence of fish in the
waters, especially K. pelamis, because K. pelamis is a fish that likes to immigrate its life.
Knowing the effect of chlorophyll-a on the catch of K. pelamis is calculated using multiple
linear regression with the help of SPSS 25 and manual calculations using a computer
device.

Table 5
Model summary
Model Summary
Model R R Square Adjusted R Square | Std. Error of the Estimate
1 .882° .779 .668 320.54745
a. Predictors: (Constant), Chlorophyll-a

Based on the results obtained in table 5 above the coefficient of determination (R2)
= 0.779 or 77.9%. This shows that 77.9% influence chlorophyll-a on the catch of K.
pelamis, so that the remaining 22.1% is influenced by other factors such as currents,
salinity, and others. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level of the correlation coefficient (R) is included
in the interval at 0.80-1.00, which means that the level of chlorophyll-a relationship to the
catch of K. pelamis is very strong.

Table 6
ANOVA®
ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 1444657.089 2 722328.544| 7.030 .049P
Residual 411002.672 4 102750.668
Total 1855659.760 6
a. Dependent Variable: K. pelamis
b. Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST)

Hypothesis test used is the Frst, this test is conducted to test the effect of
chlorophyll-a (independent) together on the catch of K. pelamis (dependent) which will
know the results of the hypothesis are accepted or rejected. The results obtained in the
ANOVA table sign value 0.049 < 0.05 So it can be concluded that Ho is rejected and Hi is
accepted because the sign value is <0.05 or Fo = Frable. If Ho is rejected and H1 is accepted,
then there is a significant effect between SST and chlorophyll-a on the catch of K. pelamis,
this is based on previous research conducted by Demena et al (2017) which states that
sea surface temperature and chlorophyll-a are two indicators. which greatly affects the
presence of fish in the waters, especially K. pelamis.

Based on the output of SPSS 25 in the coefficientsa table and manual calculations
using the help of a computer device, the results of the multiple linear regression equation
are as follows:

Y = -21557.333 + 642.160 X1 + 33535.607X>
Based on the multiple linear regression equation above, it can be interpreted as follows:

a = -21557.333 means that if the variables X1 (SST) and X2 (chlorophyll-a) have a value
of 0, then the variable Y is -21557.33 kg.

b: = 642,160 means that if the variable X1 (SST) increases by 1°C and the other variables
are constant, then the variable Y will increase by 642,160 kg.

b. = 33535,607 means that if the Xz variable (chlorophyll-a) increases by 1 mg m? and the
other variables are constant, then the Y variable will increase by 33535,607 kg.



Distribution of Chlorophyll-a against K. pelamis Catch

Catched Fish, Base On Chlorophyll-a
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Figure 7. Catch fish based on chlorophyll-a

Based on the picture above, the highest catch is at a concentration of 0.137 mg m?3.

Based on the graph of the relationship between chlorophyll-a and the catch of K. pelamis,
it shows that the concentration of chlorophyll-a and the catch of K. pelamis has a
unidirectional relationship, which means that the catch of K. pelamis increases, so the
concentration in these waters increases, and vice versa. The results showed that the
potential area for K. pelamis based on the optimum concentration for chlorophyll-a was
0.13 mg m?3. This is in accordance with previous research conducted by Jufri et al (2014)
which states that the potential fishing area for K. pelamis is closely related to environmental
parameters, especially optimum chlorophyll-a in the range 0.12-0.22 mg m3.

Conclusion.

Based on the results and discussion that has been described, it can be concluded

as follows:

1.

2.

The coefficient of determination (R?) is 0.196 or 19.6%. This shows that the
chlorophyll-a factor used can only explain the real model of 19.6%, so the rest is
explained by other factors of 80.4%. Based on the ttst, the tcount value of chlorophyll-
a was 3,320, the sig value was 0.029. For the ttbie value of 2.77. Based on the results,
the value of tcount > trable and sig value is 0.029 < 0.05. So it is obtained that H, is
rejected and H: is accepted, so there is a significant effect between chlorophyll-a and
K. pelamis.

The results obtained in the ANOVA table, the value of R2 = 0.779 or 77.9% is the effect
of chlorophyll on K. pelamis, so that the remaining 22.1% is another factor. Based on
the calculation of the Fiest using SPSS 25 and manually, the value of Fo = 7.030 and
the value of Fwable = 6.94 is obtained. The results obtained in the ANOVA table sign
value 0.049 <0.05 So it can be concluded that H, is rejected and H: is accepted
because the sign value is <0.05 or Fo = Fwble, SO there is a significant effect of
chlorophyll-a on K. pelamis.
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The effect of chlorophyll-a on the catches of
skipjack tuna (Katsuwonus pelamis) in Banda

Sea, Maluku, Indonesia
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Fisheries, South Jakarta, Indonesia; Corresponding author: A. Yeka,
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Abstract. The Banda Sea owes its abundance to a high nutrient load. The distribution of these nutrients
can be seen by the upwelling phenomenon in the Banda Sea. The potential area for catching skipjack
tuna (Katsuwonus pelamis) has a close relationship with the environmental parameters, especially the
chlorophyll-a, whose optimum ranges from 0.12 to 0.22 mg m=. Based on the results of the study, it is
known that (1) the value of the coefficient of determination (Rz) is 0.196 or 19.6%. it means that the
chlorophyll-a factor can only explain the real model by 19.6% so that the rest is provided by other
factors of 80.4%. Based on the t-test, the t_count Value of chlorophyll-a is 3.320, the sig value is 0.029. For
the t_tabie Value of 2.77. the results are based on the value of t_count > t_table and the value of sig 0.029 <
0.05. So that the Ho obtained is rejected and H_: is accepted, then there is a significant effect between
chlorophyll-a and K. pelamis. (2) in the ANOVA table the value of R2 = 0.779 or 77.9% the effect of
chlorophyll on K. pelamis, so the remaining 22.1% is another factor. Based on the calculation of F with
SPSS 25 and manually obtained the value of F, = 7.030 and the value of F_tane = 6.94. The results
obtained in the ANOVA table have a sig value of 0.049 <0.05. So it can be concluded that H, is rejected
and H; is accepted because the sign value is <0.05 or Fo Fuwbe, SO there is a significant effect of
chlorophyll-a on K. pe/amis.ﬂ

phic—conditions—On—thispurpese,—the-multiplelinearregression—method-was—used-to—analyze
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Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.
The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to

AACL Bioflux, 2021, Volume 14, Issue x. 1
http://www.bioflux.com.ro/aacl



the east of Indonesian waters. The eastern monsoons develop perfectly, supplying water
masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m™3 (Zainuddin 2011; Hidayat et al 2019; Wangi
et al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of = 500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosols, land-covering plants, phytoplankton and
dissolved organic matter in the oceans, as well as the air, land and water temperature
(Putra et al 2012). The Aqua MODIS satellite has a polar sun-synchronous orbit. The
satellite crosses the equator at noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). Fhe

This research aims to analyzed how much influence chlorophyll-a had on the

number of skipjack tuna (Katsuwonus pelamis), knowing distribution of chlorophyll-a
concentrations in the Banda Sea, Maluku. So that fishermen can be more effective again
in determining the area and time of catch.
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Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.

The catch used includes the catch weight of K. pelamis analyzed by calculating the
weight per fishing trip, so that fluctuations in the catch based on time (temporal) and
fishing location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is (Sugiono 2007):

R = r.):'-\'l+ r:?'x:_zryxirya: Te1xz
¥ ¥z 111
Where:
Ry «x, - Correlation of the variables X1 and Xz with the variable Y;

ryx; - correlation between X; and Y;
Tyx, - correlation between X, and Y;
X%, - correlation between X, and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y=a+ b1X1 =+ bzXz
Where:
X1 - variable sea surface temperature;
X2 - chlorophyll-a variable;
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Y - the maximum quantity of certain fish species caught;
a, b1, bz - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

_R*n—k-1)

Fo K (1-F%)

Where:

n - number of fish caught;

k - number of independent variables;
R? - determination coefficient.

1. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:

fo=—rt 2B

Sp1

to=bi-Bs *

Sh1

Spi——=
by, = regression slope coefficient;,

B, = hypothesized slope;,

Sp1, = standard deviation of slope.
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Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyli-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion
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This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips_, with —Fthe total
catch was 56,689 kg with an [average of 12,558.17 kg| per 34 time operation. The number

Ci ted [A2]: Elementary mistake: this is the sum of the

of catches on the 2™ trip (6 time operations) was the largest, with a total catch of 11,954
kg (an average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the
3" trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).
Table 2
The number of fish catch per trip

averages (total per trip per number of operations); it has no
signification; the authors either calculate the average of the
averages or the overall total per total number or operations

Trip  Number of operations Amount (Kg) Average (Kg) Percentage (%)

Commented [WU3]: Please clarify if 12,558.17 kg represents an
average/trip or an average per setting?

Please calculate the average per trip and the average per setting
and based on the total catch of 56,689 give the results.

The 12,558.17 value represents the total of the averages per trip and
IT DOES NOT REPRESENT AN AVERAGE.

1st 4 8,226 2,056.5 14.5
2nd 6 11,954 1,992.33 21.1
3rd 2 5,522 2,761 9.7
4th 4 7,006 1,751.5 12.4
5th 6 9,607 1,601.16 17
6th 6 7,982 1,330.33 14.1
7t 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7t trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
the 6™ trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7t trip, and the highest D. ruselli was on the 6™ trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- T. albacares K. pelamis E. affinis D. ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6t 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7t trip, as
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much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6% trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6" trip,
as much as 4,763 kg, and the lowest was on the 3" trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition

6000
'tTn
'E' 4000 + — 1 mBabytuna
@
§ 2000 ++0—F —H 8 & H- =B Cakalang
o
Q
Tongkol
o [I n 1
1 2 3 4 5 6 7 Layang
Trip

Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1% trip to the 7' trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 1% trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3" trip was
4,270 kg, the 4™ trip was 2,948 kg, the 5™ trip was 4,467 kg, the 6™ trip was 2,536 kg,
the 7% trip was 4,323 kg (Figure 3).

The average catch of K. pelamis per setting
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Figure 3. Diagram of the average catch of Katsuwonus pelamis.

Chlorophyll-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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Chlorophyll-a concentration value (mg m:3) [Formatted: Superscript

Trip 5 st 2nd 3rd 4th 5th 6th
. . . . . . Average
operation operation operation operation operation operation

Trip1l 0.1308° 0.1292 0.1273 0.1268° - - 0.1285
Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3 0.1399° 0.1342° - - - - 0.1370
Trip4  0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.09132 0.0880 0.0875° 0.0894 0.0893

3 the distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7™ trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7™ trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™.

Chinrophyll-a Average
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Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.
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Based on Figure 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount Value of chlorophyll-a is 3,320, tecount > trable (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 .8822 .779 .668 320.54745
2Predictors: (Constant), Chlorophyll-a.

Based on the results obtained in table 5 above the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.
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Commented [A7]: As requested before:

Please use the required format for the numbers

Table 6
IANOVA regression table ]
Model Sum of squares df Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 .049P
1 Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6 “ thousands

Dependent Variable: K. pelamis|; ® Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST).

A Frest was conducted to check the influence of chlorophyll-a together with the SST
(independent variables) on the catch of K. pelamis (dependent variable), demonstrating a
significant effect (in the ANOVA regression table, the significance level is 0.049<0.05 or
Fo=Ftabie). A previous research, conducted by Demena et al (2017), stated that sea
surface temperature and chlorophyll-a are two predictors of the presence of fish in the
waters, especially concerning K. pelamis.
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Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
Y = -21,557.333 + 642.160 X1 + 33,535.607 X3

C ted [A10]: As requested before:

The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg (intercept).
- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.
- if the Xz variable (chlorophyll-a) increases by 1 mg m= and the other variables are
constant, then the Y variable will increase by 33,535;.607 kg.\

bistribution of chlorophyll-a with K. pelamis catch.
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Figure 7. Catch based on chlorophyll-a.|
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In the figure above, the highest catch occurs at a concentration of 0.137 mg m>3. The
graph of the relationship between chlorophyll-a and the catch of K. pelamis, shows that
the concentration of chlorophyll-a and the catch of K. pelamis have a unidirectional
relationship. The results showed that the K. pelamis maximum fishing potential occurs for
an optimal chlorophyll-a concentration of 0.13 mg m. This is in accordance with
previous research conducted by Jufri et al (2014) which states that the potential fishing
area for K. pelamis is closely related to the environmental parameters, especially to a
chlorophyll-a in the optimal range of 0.12-0.22 mg m-3.

Conclusions.

1. Based on the results obtained a value of > and a sig value of 0.029 < 0.05. So it was
found that Ho, was rejected and accepted, then 19.6% of the effect of chlorophyll-a on
skipjack catches and 80.4% was influenced by other factors.

2. In the ANOVA table the value of R2 = 0.779 or 77.9% the effect of chlorophyll-a on
skipjack catches, so the remaining 22.1% is another factor. Based on the calculation of
the F test using SPSS 25 and manually, a sign value of 0.049 < 0.05 was obtained. So
it can be concluded that Ho is rejected and accepted because the sign value is <0.05 or
Fo then chlorophyll-a has a significant effect on (K. pelamis) catches.
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The effect of chlorophyll-a on the catches of
skipjack tuna (Katsuwonus pelamis) in Banda

Sea, Maluku, Indonesia
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Abstract. The Banda Sea owes its abundance to a high nutrient load, the distribution of these nutrients
can be seen by the upwelling phenomenon. The potential area for catching skipjack tuna (Katsuwonus
pelamis) has a close relationship with the environmental parameters, especially the chlorophyll-a.
Remote sensing methods are used to detect oceanographic parameters including sea surface
temperature (SST), salinity, chlorophyll-a index, currents and other oceanographic conditions. On this
purpose, the multiple linear regression method was used to analyze their relationship. Based on the
results of the study, it is known that the value of the coefficient of determination (Rz) is 0.196 or 19.6%,
meaning that the chlorophyll-a factor can only explain the real model by 19.6%, so that the rest is
provided by other factors of 80.4%. Based on the t-test, the t_count value of chlorophyli-a is 3.320, the sig
value is 0.029. For the t_table Value of 2.77. the results are based on the value of t_count>t_tabie and the
value of sig 0.029<0.05. The H, obtained is rejected and H_; is accepted, showing a significant effect
between chlorophyll-a and K. pelamis. The results obtained in the ANOVA table have a sig value of 0.049
<0.05. So it can be concluded that Ho. is rejected and H; is accepted because the sign value is <0.05 or
Fo Fiable, SO there is a significant effect of chlorophyll-a on K. pelamis.|

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.

The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to
the east of Indonesian waters. The eastern monsoons develop perfectly, supplying water
masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m? (Zainuddin 2011; Hidayat et al 2019; Wangi et
al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.
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K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of 2500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosols, land-covering plants, phytoplankton and
dissolved organic matter in the oceans, as well as the air, land and water temperature
(Putra et al 2012). The Aqua MODIS satellite has a polar sun-synchronous orbit. The
satellite crosses the equator at noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). The
present research aimed to analyze how much influence chlorophyll-a has on the number
of K. pelamis, knowing the distribution of chlorophyll-a concentrations in the Banda Sea,
Maluku. In this way, fishermen can be more effective in determining the area and time of
catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
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distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.

The catch used includes the catch weight of K. pelamis analyzed by calculating the
weight per fishing trip, so that fluctuations in the catch based on time (temporal) and
fishing location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is (Sugiono 2007):

R — ”'_):'.u“' ”;3;-:—2”'_)';-1”'_)'33 Teixz
TH¥ 112122
Where:
Ry «x, - COrrelation of the variables X1 and Xz with the variable Y;

ryx; - correlation between X; and Y;
ryx, - correlation between X, and Y;
Tx1%, - correlation between X; and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y=a+ bj_Xj_ + ngg
Where:
X1 - variable sea surface temperature;
Xz - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, b2 - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

_R¥(n—k-1)
Fo = K (1-F%)
Where:
n - number of fish caught;
k - number of independent variables;
R? - determination coefficient.
AACL Bioflux, 2021, Volume 14, Issue x. 3
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2. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the trest:
_ b5
tO - ?
Where:
bi - regression slope coefficient;
Bi - hypothesized slope;
Swi- standard deviation of slope.

Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyll-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips, with a total
catch of 56,689 kg and an average of 12,558.17 kg per 34 operations. The number of
catches on the 2™ trip (6 operations) was the largest, with a total catch of 11,954 kg (an
average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).

Table 2
The number of fish catch per trip

Trip  Number of operations Amount (Kg) Average (Kg) Percentage (%)

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6th 6 7,982 1,330.33 14.1

7th 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7% trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
the 6% trip. The highest T. albacares catches were on the 2" trip and the lowest was on
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the 7™ trip, and the highest D. ruselli was on the 6™ trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- T. albacares K. pelamis E. affinis D. ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6th 13 2,536 670 4,763 7,982
7th 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7t trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6 trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6" trip,
as much as 4,763 kg, and the lowest was on the 3" trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
6000

i
'E' 4000 8@ 0 | =Babytuna
@
§ 2000 +—@—B—8 R B 88— Cakalang
©
o
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1 2 3 4 5 6 7 Layang
Trip

Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1t trip to the 7t trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 1% trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3" trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6" trip was 2,536 kg,
the 7t trip was 4,323 kg (Figure 3).

The average catch of . pelamis per setting
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Figure 3. Diagram of the average catch of Katsuwonus pelamis.
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Chlorophyll-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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The chlorophyll-a concentration values can be seen in Table 4 below:

Table 4
Chlorophyll-a concentration values
Chlorophyll-a concentration value (mg m?3)
Tr/'p S 1st 2nd 3rd 4th 5[’/7 6th
, . . . . . Average
operation operation operation operation operation operation
Trip1 0.13082 0.1292 0.1273 0.1268P - 0.1285

Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3  0.13992 0.1342° - - - - 0.1370
Trip 4 0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.0913° 0.0880 0.0875° 0.0894 0.0893

athe distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7t trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7% trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™.

Chiarophyll-a Average

Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.

Reistionship between Chiorophyll-a to &, pelamis
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.
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Based on Figure 6 above, the coefficient of determination (R2) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount vValue of chlorophyll-a is 3,320, tcount>ttabe (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Table 5
Model summary

Std. error of the estimate
320.54745

Model R R square Adjusted R square
1 .8822 .779 .668
2Predictors: (Constant), Chlorophyll-a.

Based on the results obtained in table 5 above the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Table ¢
ANOVA regression table
Model Sum of squares df Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 .049P
Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6

[Commented [WU2]: Not mentioned in the text.

F‘Dependent variable: K. pe/amis]; b Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST).

A Frest was conducted to check the influence of chlorophyll-a together with the SST
(independent variables) on the catch of K. pelamis (dependent variable), demonstrating a
significant effect (in the ANOVA regression table, the significance level is 0.049<0.05 or
Fo=Ftabe). A previous research, conducted by Demena et al (2017), stated that sea
surface temperature and chlorophyll-a are two predictors of the presence of fish in the
waters, especially concerning K. pelamis.

Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
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Y = -21,557.333 + 642.160 X1 + 33,535.607 X2
The multiple linear regression equation above can be interpreted as follows:

- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg [(intercept).

- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.

- if the Xz variable (chlorophyll-a) increases by 1 mg m-3 and the other variables are
constant, then the Y variable will increase by 33,535.607 kg.

Distribution of chlorophyll-a with K. pelamis catch. The graph of the relationship

between chlorophyll-a and the catch of K. pelamis, shows that the concentration of
chlorophyll-a and the catch of K. pelamis have a unidirectional relationship.

Catched Figh, Based on Chlorophyll-s
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Figure 7. Catch based on chlorophyli-a.

In the figure above, the highest catch occurs at a concentration of 0.137 mg m3. The
results showed that the K. pelamis maximum fishing potential occurs at an optimal
chlorophyll-a concentration of 0.13 mg m™. This is in accordance with previous research
conducted by Jufri et al (2014) which states that the potential fishing area for K. pelamis
is closely related to the environmental parameters, especially to a chlorophyll-a in the
optimal range of 0.12-0.22 mg m™.

Conclusions. [Based on the results and discussion that has been described, it can be

concluded as follows:

1. The value of the coefficient of determination (Rz) is 0.168 or 16.8%. This shows that
the SST factor used can only explain the actual model by 16.8% so that the rest is
explained by other factors of 83.2%. Based on the t test, the SST value was 3.243,
the sig value was 0.032. For a value of 2.77. Based on the results obtained the value
> and sig value 0.032 <0.05. So, if Ho is accepted and rejected, then there is a
significant effect between SST and K. pelamis catch.

2. The coefficient of determination (R2) is 0.196 or 19.6%. This shows that the
chlorophyll-a factor used can only explain the real model of 19.6%, so the rest is
explained by other factors of 80.4%. Based on the ttest, the tecount Value of chlorophyll-a
was 3,320, the sig value was 0.029. A significant effect between chlorophyll-a and K.
pelamis was demonstrated For the ttabe value of 2.77. Based on the results, the value
of teount > ttable @and sig value is 0.029 <0.05. So that obtained H. is accepted and
rejected, then there is a significant effect between SST and skipjack catch.

The results obtained in the ANOVA table, the value of R2 = 0.779 or 77.9% is the effect

of chlorophyll on K. pelamis, so that the remaining 22.1% is another factor. Based on the

calculation of the Ftest using SPSS 25 and manually, the value of Fo = 7.030 and the value

of Fuable = 6.94 is obtained. The results obtained in the ANOVA table sign value 0.049

<0.05 So it can be concluded that H. is rejected and Hi is accepted because the sign

value is <0.05 or Fo > Frable, SO there is a significant effect of chlorophyll-a on K. pelamis.|
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1. Based on the results obtained a value of > and a sig value of 0.029 < 0.05. So it was
found that Ho was rejected and accepted, then 19.6% of the effect of chlorophyll-a on
skipjack catches and 80.4% was influenced by other factors.

2. In the ANOVA table the value of R2 = 0.779 or 77.9% the effect of chlorophyll-a on
skipjack catches, so the remaining 22.1% is another factor. Based on the calculation of
the F test using SPSS 25 and manually, a sign value of 0.049 < 0.05 was obtained. So
it can be concluded that H, is rejected and accepted because the sign value is <0.05 or
Fo then chlorophyll-a has a significant effect on (K. pelamis) catches.]
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Abstract. The Banda Sea is located in the waters of Central Maluku Regency, Maluku Province. The
topography of the seabed is very complex with a basin in the west and a trough in the east. The shape of
the topography is also decisive in controlling the exchange of water masses. The purpose of this study
was to analyze the relationship of chlorophyll-a and the effect of its distribution on the catch of skipjack
tuna (Katsuwonus pelamis). The study used the data analysis method, namely the multiple linear
regression (computerized data processing using the SPSS 25 program). Primary data was obtained by
following fishing operations and secondary data was collected from chlorophyll-a images downloaded
from the NASA database in the form of an average per trip. The results of the study showed that the
coefficient of determination (R2) is 0.196 or 19.6%. This shows that the chlorophyll-a factor used can
only explain the actual model by 19.6%, so that the remaining 80.4% are explained by other factors
such as salinity and currents. The results of the t-test obtained a t_count chlorophyll-a value of 3.320,
sig value of 0.029 and t_table value of 2.77. Based on the value of t_count>t_table and the value of sig
0.029<0.05, there was a significant effect between chlorophyll-a and K. pelamis; the ANOVA table
showed the value of R2=0.779 or 77.9% the effect of chlorophyll on K. pelamis, so the remaining 22.1%
was influenced by other factors. Based on the results obtained, chlorophyll-a had a significant effect on
K. pelamis.

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.
The circulation of water mass in Indonesian waters differs between the west monsoon
and the east monsoon. In the west monsoon, water masses generally flow to the east of
Indonesian waters. The eastern monsoons develop perfectly, supplying water masses
originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin 1998).
The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m3 (Zainuddin 2011; Hidayat et al 2019; Wangi et
al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
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parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of =500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009). One of the
sensing satellites equipped with sensors that can detect the chlorophyll-a content is the
Aqua MODIS satellite (Utari 2013). The variables measured by the Aqua satellite include
the aerosols, land-covering plants, phytoplankton and dissolved organic matter in the
oceans, as well as the air, land and water temperature (Putra et al 2012). The Aqua
MODIS satellite has a polar sun-synchronous orbit. The satellite crosses the equator at
noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). The
present research aimed to analyze how much influence chlorophyll-a had on the number
of K. pelamis, knowing the distribution of chlorophyll-a concentrations in the Banda Sea,
Maluku. In this way, fishermen can be more effective in determining the area and time of
catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
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Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.
The catch used includes the catch weight of K. pelamis analyzed by calculating the weight
per fishing trip, so that fluctuations in the catch based on time (temporal) and fishing
location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is the following (Sugiono 2007):

R = r_)?'xl"' r_)?'xﬂ_zr_)'xl Tyx2 Txix2
¥-Xa¥z l_r:xi x2
Where:
Ry« x, - COrrelation of the variables Xi and Xz with the variable Y;

ryx; - correlation between X; and Y;
Tyx, - correlation between X, and Y;
X%, - correlation between X; and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y=a+biX;+bX;
Where:
Xi - variable sea surface temperature;
X2 - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, b2 - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

Fo =R:(n—k:lj
k(1-R%
Where:

n - number of fish caught;
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k - number of independent variables;
R? - determination coefficient.
2. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:
to = a5

Sp1
Where:
b1 - regression slope coefficient;
Bi - hypothesized slope;
Sbi- standard deviation of slope.

Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyll-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips, with a total
catch of 56,689 kg and an average of 12,558.17 kg per 34 operations. The number of
catches on the 2™ trip (6 operations) was the largest, with a total catch of 11,954 kg (an
average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).

Table 2
The number of fish catch per trip

Trip  Number of operations Amount (kg) Average (kg) Percentage (%)

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6t 6 7,982 1,330.33 14.1

7t 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7t trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
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the 6% trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7% trip, and the highest D. ruselli was on the 6% trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- = Ibacares K. pelamis E. affinis D. ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6t 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7% trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6™ trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7% trip, with no catch. The highest D. ruselli catch was on the 6 trip,
as much as 4,763 kg, and the lowest was on the 3™ trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 15t trip to the 7% trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 1t trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3™ trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6% trip was 2,536 kg,
the 7% trip was 4,323 kg (Figure 3).

The average catch of K. pelamiz per setting
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Figure 3. Diagram of the average catch of Katsuwonus pelamis.
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Chlorophyli-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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The chlorophyll-a concentration values can be seen in Table 4 below.

Table 4
Chlorophyll-a concentration values
Chlorophyll-a concentration value (mg m3)
Tri DS 15t ond 3rd 4th gth 6th
. , . , , . Average
operation operation operation operation operation operation
Trip1l 0.13082 0.1292 0.1273 0.1268° - 0.1285

Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3 0.1399° 0.1342° - - - - 0.1370
Trip 4 0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.0913° 0.0880 0.0875° 0.0894 0.0893

2 the distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7% trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7% trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™3.

Chiorophyll-a Average

Chileraphidt-a (g )

Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.
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Based on Figure 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
tecount Value of chlorophyll-a is 3,320, tcount>ttane (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Based on the results obtained in Table 5, the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 0.882° 0.779 0.668 320.54745
@Predictors: (Constant), Chlorophyll-a.

The hypothesis test used is the F test, carried out to test the effect of SST and
chlorophyll-a on K. pelamis catches which will determine whether the results of the
hypothesis are accepted or rejected. Hypothesis testing used SPSS 25 and manually
obtained the value of Fo=7.030 and value=6.94 (Table 6). The results obtained in the
ANOVA table have a sign value of 0.049<0.05. Thus, it can be concluded that Ho is
rejected and accepted because the sign value is <0.05 or Fo. If Ho is rejected and
accepted, then there is a significant effect between SST and chlorophyll-a on K. pelamis
catches, which is in accordance with a the research conducted by Demena et al (2017)
which stated that sea surface temperature and chlorophyll-a are two very important
indicators that affect the presence of fish in the waters, especially of K. pelamis.

Table 6
ANOVA regression table
Model Sum of squares dr Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 0.049°
Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6
AACL Bioflux, 2021, Volume 14, Issue x. 8
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2 Dependent variable: K. pelamis; ° Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST).

Relationship of average SST to K. pelamis. SST can be used as an indicator to
determine the presence of a fish species in waters. Each fish species has a certain
temperature tolerance value so that it affects the presence and distribution of fish in the
waters. Seeing the relationship or relationship between SST and the presence of K.
pelamis, the in-situ data of the catch and ex-situ data of SST on the position and time of
catching using SPSS 25 and using the help of computer equipment.

The relationship of SST to the catch of K. pelamis was calculated using the
multiple correlation test. Double correlation estimator of the relationship between surface
temperature and the catch of K. pelamis.
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Figure 7. Graph of the relationship between SST and Katsuwonus pelamis.

Based on the graph above, the coefficient of determination (R2) is 0.168 or 16.8%. This
shows that the SST factor used can only explain the actual model by 16.8% so that the
rest is explained by other factors of 83.2%.

The assessment of the value of the correlation coefficient using SPSS 25 can be
seen in Table 7. The correlation coefficient value obtained is 0.410, which means that the
positive relationship between SST and the catch of K. pelamis is moderate, because the
correlation value is in the correlation interval of 0.40-0.599.

Table 7
Correlations
Correlations
........... K. pelamis SST Chlorophyl-a
Pearson K. pelamis 1.000 0.410 0.443
correlation SST 0.410 1.000 -0.532
Chlorophyl-a 0.443 -0.532 1.000
K. pelamis 0 0.180 0.160
Sig. (1-tailed) SST 0.180 0 0.109
Chlorophyl-a 0.160 0.109 0
K. pelamis 7 7 7
N SST 7 7 7
Chlorophyl-a 7 7 7

Based on Table 8, the results obtained the tcount>ttable and sig value 0.032<0.05, it was
found that Ho, was rejected and H: accepted, there was a significant effect between SST
and the catch of K. pelamis. A previous research conducted by Fajrianti (2016) stated
that SST had a significant effect on the catch.
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Table 8
Coefficients

Coefficients?
Model Unstandardized coefficients ngg%‘.ac';gfg d T Sig.
B Std. Error Beta
(Constant) -21,557.333 6,416.374 -3.360 0.028
1 SST 642.160 198.028 0.902 3.243 0.032
Chlorophyl-a 33,535.607 10,100.263 0.923 3.320 0.029

a. Dependent variable: K. pelamis.

Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
Y = -21,557.333 + 642.160 X1 + 33,535.607 X2
The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg (intercept).
- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.
- if the Xz variable (chlorophyll-a) increases by 1 mg m=3 and the other variables are
constant, then the Y variable will increase by 33,535.607 kg.

Distribution of chlorophyll-a with K. pelamis catch. The graph of the relationship

between chlorophyll-a and the catch of K. pelamis, shows that the concentration of
chlorophyll-a and the catch of K. pelamis have a unidirectional relationship.

Catched Fish, Based on Chlorophyll-a
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Figure 7. Catch based on chlorophyll-a.

In the figure above, the highest catch occurs at a concentration of 0.137 mg m3. The
results showed that the K. pelamis maximum fishing potential occurs at an optimal
chlorophyll-a concentration of 0.13 mg m™3. This is in accordance with previous research
conducted by Jufri et al (2014) which states that the potential fishing area for K. pelamis
is closely related to the environmental parameters, especially to a chlorophyll-a in the
optimal range of 0.12-0.22 mg m3.

Conclusions. From the results of the research conducted, it can be concluded that the
main catches were T. albacares, K. pelamis, E. affinis and D. ruselli, K. pelamis being the
most caught type of fish. The relationship between the sea surface temperature and K.
pelamis catches with the results obtained in the form of a coefficient of determination
(R2) of 0.168 or 16.8%. This shows that the SST factor used can only explain the actual
model by 16.8% so that the rest is explained by other factors of 83.2%. There was a
positive relationship between chlorophyll-a and K. pelamis catches, meaning that if the
chlorophyll-a is higher, it will increase the catch, and vice versa if chlorophyll-a is lower,
it will decrease the catch of K. pelamis. The results of the study concluded that the
potential area for K. pelamis catching based on the optimum sea surface temperature
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was around 29°C and the optimum concentration for chlorophyll-a was around 0.13 mg
m-3,
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Abstract. The Banda Sea is located in the waters of Central Maluku Regency, Maluku Province. The
topography of the seabed is very complex with a basin in the west and a trough in the east. The shape of
the topography is also decisive in controlling the exchange of water masses. The purpose of this study
was to analyze the relationship of chlorophyll-a and the effect of its distribution on the catch of skipjack
tuna (Katsuwonus pelamis). The study used the data analysis method, namely the multiple linear
regression (computerized data processing using the SPSS 25 program). Primary data was obtained by
following fishing operations and secondary data was collected from chlorophyll-a images downloaded
from the NASA database in the form of an average per trip. The results of the study showed that the
coefficient of determination (R2) is 0.196 or 19.6%. This shows that the chlorophyll-a factor used can
only explain the actual model by 19.6%, so that the remaining 80.4% are explained by other factors
such as salinity and currents. The results of the t-test obtained a t_count chlorophyll-a value of 3.320,
sig value of 0.029 and t_table value of 2.77. Based on the value of t_count>t_table and the value of sig
0.029<0.05, there was a significant effect between chlorophyll-a and K. pelamis; the ANOVA table
showed the value of R2=0.779 or 77.9% the effect of chlorophyll on K. pelamis, so the remaining 22.1%
was influenced by other factors. Based on the results obtained, chlorophyll-a had a significant effect on
K. pelamis.

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.
The circulation of water mass in Indonesian waters differs between the west monsoon
and the east monsoon. In the west monsoon, water masses generally flow to the east of
Indonesian waters. The eastern monsoons develop perfectly, supplying water masses
originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin 1998).
The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m? (Zainuddin 2011; Hidayat et al 2019; Wangi et
al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
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parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of 2500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009). One of the
sensing satellites equipped with sensors that can detect the chlorophyll-a content is the
Aqua MODIS satellite (Utari 2013). The variables measured by the Aqua satellite include
the aerosols, land-covering plants, phytoplankton and dissolved organic matter in the
oceans, as well as the air, land and water temperature (Putra et al 2012). The Aqua
MODIS satellite has a polar sun-synchronous orbit. The satellite crosses the equator at
noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). The
present research aimed to analyze how much influence chlorophyll-a had on the number
of K. pelamis, knowing the distribution of chlorophyll-a concentrations in the Banda Sea,
Maluku. In this way, fishermen can be more effective in determining the area and time of
catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
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Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.
The catch used includes the catch weight of K. pelamis analyzed by calculating the weight
per fishing trip, so that fluctuations in the catch based on time (temporal) and fishing
location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is the following (Sugiono 2007):

R _ 1t Thwn= 2 yaaTyaen Teaxa
¥k 1111z
Where:
Ry xx, - COrrelation of the variables X1 and Xz with the variable Y;

ryxy - correlation between X; and Y;
ryx, - correlation between X, and Y;
X%, - correlation between X; and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y =a+byX; +baXz
Where:
X1 - variable sea surface temperature;
X2 - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, bz - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

R*(n—k-1)
Fo ==———
TR
Where:
n - number of fish caught;
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k - number of independent variables;
R? - determination coefficient.
2. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:
_ b5
to o
Where:
bi - regression slope coefficient;
Bi - hypothesized slope;
Spi- standard deviation of slope.

Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyli-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips, with a total
catch of 56,689 kg and an average of 12,558.17 kg per 34 operations. The number of
catches on the 2™ trip (6 operations) was the largest, with a total catch of 11,954 kg (an
average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).

Table 2
The number of fish catch per trip

Trip _Number of operations Amount (kg) Average (kg) Percentage (%)

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6t 6 7,982 1,330.33 14.1

7th 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7% trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
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the 6™ trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7t trip, and the highest D. ruselli was on the 6™ trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- T. albacares K. pelamis E. affinis D. ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6th 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7% trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2™ trip, as much as 5,676 kg, while the lowest was on the 6% trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6% trip,
as much as 4,763 kg, and the lowest was on the 3" trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1t trip to the 7t trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 15t trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3™ trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6% trip was 2,536 kg,
the 7t trip was 4,323 kg (Figure 3).

The average catch of K. pelamis per setting

Aarmeunt catch (Eg)
= =
& =2 8
= = =

Figure 3. Diagram of the average catch of Katsuwonus pelamis.
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Chlorophyll-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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The chlorophyll-a concentration values can be seen in Table 4 below.

Table 4
Chlorophyll-a concentration values
Chlorophyll-a concentration value (mg m?3)
Tri) ps 1st ond 3rd 4th 5th 6th
. . . . . . Average
operation operation operation operation operation operation
Trip1 0.13082 0.1292 0.1273 0.1268° - - 0.1285

Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3 0.1399° 0.1342° - - - - 0.1370
Trip4  0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.13142 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.0913° 0.0880 0.0875° 0.0894 0.0893

athe distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7t trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7™ trip decreased, compared to the other trips. The average

chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m-3.

Chlaraphyll-a Average
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Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.

Relstionahip bebween Chlorophyll-s to K, pelamis
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.
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Based on Figure 6 above, the coefficient of determination (R2) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount vValue of chlorophyll-a is 3,320, tcount>ttabe (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Based on the results obtained in Table 5, the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 0.8822 0.779 0.668 320.54745
2Predictors: (Constant), Chlorophyll-a.

The hypothesis test used is the F test, carried out to test the effect of SST and
chlorophyll-a on K. pelamis catches which will determine whether the results of the
hypothesis are accepted or rejected. Hypothesis testing used SPSS 25 and manually
obtained the value of Fo=7.030 and value=6.94 (Table 6). The results obtained in the
ANOVA table have a sign value of 0.049<0.05. Thus, it can be concluded that H, is
rejected and accepted \because the 5|gn value is <0.05 or Fo }}PH—ns—FejeeEed—and

ted [WU1]: How can it be both rejected and

If Ho is rejected and H, 1 is accepted, it means that there is a significant effect between

SST and chlorophyll-a on K. pelamis catches, this is in accordance with research

conducted by Demena et al (2017) which states that SST and chlorophyll-a _are two

accepted???
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indicators that greatly affect the presence of fish in the waters, especially K. pelamis.

Table 6
ANOVA regression table
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Model Sum of squares df Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 0.049°
Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6

FBependef%vaFmefe—K—pelaﬁwsF Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST).

Relationship of average SST to K. pelamis. SST can be used as an indicator to
determine the presence of a fish species in waters. Each fish species has a certain
temperature tolerance vaIue SO that it affects the presence and dlstrlbutlon of fish in the

10 _see the

Cc d [WU4]: As requested before:
Where is ?in the table?
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relationship between SST and the presence of K. pelamis, the catch data (jn-situ) and

SST data on the position and time of catching (ex-situ) were taken with SPSS 25 using a A\

computer device.
The relationship of SST to the catch of K. pelamis was calculated usmg the
multlple correlatlon test wh/ch was used as an estimator.

THE RELATIONSHIF BETWEEN 55T AND K. pelamis CATCHES
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Figure 7. Graph of the relationship between SST and Katsuwonus pelamis.

Based on the graph above, the coefficient of determination (R2) is 0.168 or 16.8%. This
shows that the SST factor used can only explain the actual model by 16.8% so that the
rest is explained by other factors of 83.2%.

The assessment of the value of the correlation coefficient using SPSS 25 can be
seen in Table 7. The correlation coefficient value obtained is 0.410, which means that the
positive relationship between SST and the catch of K. pelamis is moderate, because the
correlation value is in the correlation interval of 0.40-0.599.
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Table 7
Correlations
Correlations
HMOfe| K-pelamis SST Chiorophyi-a %l‘. ted [WU10]: information missing
------ Cc ted [e'n11R10]: Model
Pearson K. pelamis 1.000 0.410 0.443 [Commented [WU12]: Information missin
correlation SST 0.410 1.000 -0.532 2 E
Chlorophyl-a 0.443 -0.532 1.000
K. pelamis 0 0.180 0.160
Sig. (1-tailed) SST 0.180 0 0.109
Chlorophyl-a 0.160 0.109 0
N K. pelamis 7 7 7
SST 7 7 7
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Chlorophyl-a 7 7 7

Based on Table 8, the results obtained the tcount>trable and sig value 0.032<0.05, it was
found that Ho was rejected and Hi accepted, there was a significant effect between SST
and the catch of K. pelamis. A previous research conducted by Fajrianti (2016) stated
that SST had a significant effect on the catch.

Table 8
Coefficients
Coefficients®
. . Standardized
Model Unstandardized coefficients coefficients T sig.
B Std. Error Beta

(Constant) -21,557.333  6,416.374 -3.360 0.028
1 SST 642.160 198.028 0.902 3.243 0.032
Chlorophyl-a 33,535.607 10,100.263 0.923 3.320 0.029

a. Dependent variable: K. pelamis.

Based on the output of SPSS 25 (the coefficients matrix), the multiple linear

regression equation could be expressed as follows:
Y = -21,557.333 + 642.160 X1 + 33,535.607 X2
The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and X2 (chlorophyll-a) have a value of 0, then the

variable Y is -21,557.33 kg (intercept).

- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.

- if the Xz variable (chlorophyll-a) increases by 1 mg m= and the other variables are
constant, then the Y variable will increase by 33,535.607 kg.

Distribution of chlorophyll-a with K. pelamis catch. The graph of the relationship

between chlorophyll-a and the catch of K. pelamis, shows that the concentration of
chlorophyll-a and the catch of K. pelamis have a unidirectional relationship.

Catched Figh, Based on Chlorophyll-s

Gk hiRg [hpl
i
E;

chigrephyl-a. (rmg m )
Figure 7. Catch based on chlorophyll-a.

In the figure above, the highest catch occurs at a concentration of 0.137 mg m=3. The
results showed that the K. pelamis maximum fishing potential occurs at an optimal
chlorophyll-a concentration of 0.13 mg m™3. This is in accordance with previous research
conducted by Jufri et al (2014) which states that the potential fishing area for K. pelamis
is closely related to the environmental parameters, especially to a chlorophyll-a in the
optimal range of 0.12-0.22 mg m™.
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Conclusions. From the results of the research conducted, it can be concluded that the
main catches were T. albacares, K. pelamis, E. affinis and D. ruselli, K. pelamis being the
most caught type of fish. [The relationship between the sea surface temperature and K.
pelamis eatehes—with-theresultswas obtained in the form of a coefficient of determination
(R2) of 0.168 or 16.8%.| This shows that the SST factor used can only explain the actual

["- ted [WU13]: Not intelligible, please rephrase.

model by 16.8% so that the rest is explained by other factors of 83.2%. There was a
positive relationship between chlorophyll-a and K. pelamis catches, meaning that if the
chlorophyll-a is higher, it will increase the catch, and vice versa if chlorophyll-a is lower,
it will decrease the catch of K. pelamis. The results of the study concluded that the
potential area for K. pelamis catching based on the optimum sea surface temperature
was around 29°C and the optimum concentration for chlorophyll-a was around 0.13 mg
m-3.
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The effect of chlorophyll-a on the catches of
skipjack tuna (Katsuwonus pelamis) in Banda
Sea, Maluku, Indonesia
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Abstract, The Banda Sea is located in the waters of Central Maluku Regency, Maluku Province. The

topography of the seabed is very complex with a basin in the west and a trough in the east. The shape of
the topography is also decisive in controlling the exchange of water masses. The purpose of this study
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[ Formatted: Font color: Light Blue

was to analyze the relationship of chlorophyll-a and the effect of its distribution on the catch of skipjack
tuna (Katsuwonus pelamis). This study uses the data analysis method used, namely multiple linear
regression, because it uses two independent variables, namely chlorophyll-a. Primary data was taken by
following fishing operations and secondary data was obtained from chlorophyll-a images downloaded
from the NASA database in the form of an average per trip. The results of the study showed that 1) the
value of the coefficient of determination (R2) was 0.196 or 19.6% or 80.4%, the rest was influenced by
other factors. The results of the t-test obtained t count chlorophyll-a value of 3.320, sig value of 0.029
and t table value of 2.77. based on the value of t count > t table and the value of sig 0.029 <0.05,
there was a significant effect between chlorophyll-a and K. pelamis. 2) the ANOVA table shows the value
of R2 = 0.779 or 77.9% the effect of chlorophyll on K. pelamis, so the remaining 22.1% is influenced by
other factors. Based on the results obtained in the ANOVA table, it has a sig value of 0.049 <0.05, which

means Ho is rejected and H1 is accepted, so chlorophyll-a has a significant effect on K. pelamis. ,
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Fhe-results-obtained-inthe- ANOVA-table-have-a-sig-value-of 0-:049<0-05-—Seo-it-can-beconcluded-that Ho
is-rejected-and-H:-isacecepted-because-the sigh-value-is<0-05-or FoFiabie;S0-there-isa-significant-effeet

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.

The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to
the east of Indonesian waters. The eastern monsoons develop perfectly, supplying water
masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m™3 (Zainuddin 2011; Hidayat et al 2019; Wangi
et al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of = 500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosols, land-covering plants, phytoplankton and
dissolved organic matter in the oceans, as well as the air, land and water temperature
(Putra et al 2012). The Aqua MODIS satellite has a polar sun-synchronous orbit. The
satellite crosses the equator at noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
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natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). Fhe

This research aims to analyzed how much influence chlorophyll-a had on the

number of skipjack tuna (Katsuwonus pelamis), knowing distribution of chlorophyll-a
concentrations in the Banda Sea, Maluku. So that fishermen can be more effective again
in determining the area and time of catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.

The catch used includes the catch weight of K. pelamis analyzed by calculating the
weight per fishing trip, so that fluctuations in the catch based on time (temporal) and
fishing location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is (Sugiono 2007):

R =\/”f’x1+ r;ax:_zrynryx: Teaza
¥k 1102
Where:
Ry «x, - COrrelation of the variables X1 and Xz with the variable Y;
AACL Bioflux, 2021, Volume 14, Issue x. 3
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ryxy - correlation between X; and Y;
Vx4 - correlation between X, and Y;
X%, - correlation between X, and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y =a+byX; +baXz
Where:
Xi - variable sea surface temperature;
X2 - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, bz - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

_R*n-k-1)
k(1-R%)

Fo

Where:

n - number of fish caught;

k - number of independent variables;
R? - determination coefficient.

1. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:

_ b-B
fo=—7>— N
to=bs- B “

Sp1
Where
bi——
Bi—=
Spi—

by, = regression slope coefficient;,

B = hypothesized slope;,

Spi, = standard deviation of slope.
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Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyll-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

—

-
-
-
— e
& :

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips_, with —Fthe total
catch was 56,689 kg with an laverage of 12,558.17 kg| per 34 time operation. The number

Ci ted [A1]: Elementary mistake: this is the sum of the

of catches on the 2™ trip (6 time operations) was the largest, with a total catch of 11,954
kg (an average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the
3" trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).
Table 2
The number of fish catch per trip

Trip  Number of operations Amount (Kg) Average (Kg) Percentage (%)

1st 4 8,226 2,056.5 14.5
2nd 6 11,954 1,992.33 21.1
3rd 2 5,522 2,761 9.7
4th 4 7,006 1,751.5 12.4
5t 6 9,607 1,601.16 17
6t 6 7,982 1,330.33 14.1
7t 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7% trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
the 6™ trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7™ trip, and the highest D. ruselli was on the 6™ trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
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The composition of the catch based on the type of fish

Total catch (Kg)

Trip to- - Ibacares K. pelamis E. affinis D. ruselli Total
1= 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
Sth 0 4,467 4,290 850 9,607
6th 13 2,536 670 4,763 7,982
7th 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7t trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6% trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6% trip,
as much as 4,763 kg, and the lowest was on the 3™ trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1t trip to the 7t trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 15t trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3™ trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6 trip was 2,536 kg,
the 7t trip was 4,323 kg (Figure 3).

The average cateh of K. pelamis per setting
—, 200
o
et 1,300
e
=]
™ 1,000
[+
E 500
]
5 o
1 &4 ] el 5 =3 7
LI
AACL Bioflux, 2021, Volume 14, Issue x. 6

http://www.bioflux.com.ro/aacl



Figure 3. Diagram of the average catch of Katsuwonus pelamis.

Chlorophyll-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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chlorophyll-a concentration values can also be seen in table 4 below: « [Formatted: Left
h’a ble 4]" [Commented [WUA4]: Must be mentioned in the text before
Chlorophyll-a concentration values displaying the table.
[c ted [A5R4]: ok

Chlorophyli-a concentration value (mg m;3) [Formatted: Superscript

Tri ps 1st 2nd 3rd 4th 5th 6th
. . . . . . Average
operation operation operation operation operation operation

Trip1 0.13082 0.1292 0.1273 0.1268° - - 0.1285
Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3  0.13992 0.1342° - - - - 0.1370
Trip 4 0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.09132 0.0880 0.0875° 0.0894 0.0893

3 the distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7t trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7™ trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™3.

Chilaraphyll-a Average

Chilcraphell-a [mg )
=
=

Figure 5. Diagram of average chlorophyll-a for 7 trips.
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The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.

Relstianahip Chilprophyll-a ko K, pslamis
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.

Based on Figure 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount value of chlorophyll-a is 3,320, tecount > travle (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 .8822 .779 .668 320.54745

?Predictors: (Constant), Chlorophyll-a.

Based on the results obtained in table 5 above the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
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currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Cc ted [A6]: As requested before:

Table 6
ANOVA regr‘ession table |
Model Sum of squares df Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 .049P
1 Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6

Dependent Variable: K. pelamis]; ® Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST).

A Frest was conducted to check the influence of chlorophyll-a together with the SST
(independent variables) on the catch of K. pelamis (dependent variable), demonstrating a
significant effect (in the ANOVA regression table, the significance level is 0.049<0.05 or
Fo>Ftabe). A previous research, conducted by Demena et al (2017), stated that sea
surface temperature and chlorophyll-a are two predictors of the presence of fish in the
waters, especially concerning K. pelamis.
Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
Y = -21,557.333 + 642.160 X1 + 33,535.607 X3

Details of the calculations are required in the manuscript’s text.
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The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg (intercept).
- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.
- if the X2 variable (chlorophyll-a) increases by 1 mg m=3 and the other variables are
constant, then the Y variable will increase by 33,535;.607 kg.\
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The results showed that the K. pelamis maximum fishing potential occurs for an+..

optimal chlorophyll-a concentration of 0.13 mg m=. This is in accordance with previous
research conducted by Jufri et al (2014) which states that the potential fishing area for K.
pelamis is closely related to the environmental parameters, especially to a chlorophyll-a
in the optimal range of 0.12-0.22 mg m=.

Conflict of interest. The authors declare no conflict of interest.
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The effect of chlorophyll-a on the catches of
skipjack tuna (Katsuwonus pelamis) in Banda
Sea, Maluku, Indonesia
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Abstract, The Banda Sea is located in the waters of Central Maluku Regency, Maluku Province. The

topography of the seabed is very complex with a basin in the west and a trough in the east. The shape of
the topography is also decisive in controlling the exchange of water masses. The purpose of this study

[Formatted: Font: Verdana

[ Formatted: Font color: Light Blue

was to analyze the relationship of chlorophyll-a and the effect of its distribution on the catch of skipjack
tuna (Katsuwonus pelamis). This study uses the data analysis method used, namely multiple linear
regression, because it uses two independent variables, namely chlorophyll-a. Primary data was taken by
following fishing operations and secondary data was obtained from chlorophyll-a images downloaded
from the NASA database in the form of an average per trip. The results of the study showed that 1) the
value of the coefficient of determination (R2) was 0.196 or 19.6% or 80.4%, the rest was influenced by
other factors. The results of the t-test obtained t count chlorophyll-a value of 3.320, sig value of 0.029
and t table value of 2.77. based on the value of t count > t table and the value of sig 0.029 <0.05,
there was a significant effect between chlorophyll-a and K. pelamis. 2) the ANOVA table shows the value
of R2 = 0.779 or 77.9% the effect of chlorophyll on K. pelamis, so the remaining 22.1% is influenced by
other factors. Based on the results obtained in the ANOVA table, it has a sig value of 0.049 <0.05, which

means Ho is rejected and H1 is accepted, so chlorophyll-a has a significant effect on K. pelamis. ,
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Fhe-results-obtained-inthe- ANOVA-table-have-a-sig-value-of 0-:049<0-05-—Seo-it-can-beconcluded-that Ho
is-rejected-and-H:-isacecepted-because-the sigh-value-is<0-05-or FoFiabie;S0-there-isa-significant-effeet

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.

The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to
the east of Indonesian waters. The eastern monsoons develop perfectly, supplying water
masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m™3 (Zainuddin 2011; Hidayat et al 2019; Wangi
et al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of = 500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosols, land-covering plants, phytoplankton and
dissolved organic matter in the oceans, as well as the air, land and water temperature
(Putra et al 2012). The Aqua MODIS satellite has a polar sun-synchronous orbit. The
satellite crosses the equator at noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
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natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). Fhe

This research aims to analyzed how much influence chlorophyll-a had on the

number of skipjack tuna (Katsuwonus pelamis), knowing distribution of chlorophyll-a
concentrations in the Banda Sea, Maluku. So that fishermen can be more effective again
in determining the area and time of catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.

The catch used includes the catch weight of K. pelamis analyzed by calculating the
weight per fishing trip, so that fluctuations in the catch based on time (temporal) and
fishing location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is (Sugiono 2007):

R =\/”f’x1+ r;ax:_zrynryx: Teaza
¥k 1102
Where:
Ry «x, - COrrelation of the variables X1 and Xz with the variable Y;
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ryxy - correlation between X; and Y;
Vx4 - correlation between X, and Y;
X%, - correlation between X, and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y =a+byX; +baXz
Where:
Xi - variable sea surface temperature;
X2 - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, bz - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

_R*n-k-1)
k(1-R%)

Fo

Where:

n - number of fish caught;

k - number of independent variables;
R? - determination coefficient.

1. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:

_ b-B
fo=—7>— N
to=bs- B “

Sp1
Where
bi——
Bi—=
Spi—

by, = regression slope coefficient;,

B = hypothesized slope;,

Spi, = standard deviation of slope.
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Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyll-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

—

-
-
-
— e
& :

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips_, with —Fthe total
catch was 56,689 kg with an laverage of 12,558.17 kg| per 34 time operation. The number

Ci ted [A1]: Elementary mistake: this is the sum of the

of catches on the 2™ trip (6 time operations) was the largest, with a total catch of 11,954
kg (an average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the
3" trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).
Table 2
The number of fish catch per trip

Trip  Number of operations Amount (Kg) Average (Kg) Percentage (%)

1st 4 8,226 2,056.5 14.5
2nd 6 11,954 1,992.33 21.1
3rd 2 5,522 2,761 9.7
4th 4 7,006 1,751.5 12.4
5t 6 9,607 1,601.16 17
6t 6 7,982 1,330.33 14.1
7t 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7% trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
the 6™ trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7™ trip, and the highest D. ruselli was on the 6™ trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3

AACL Bioflux, 2021, Volume 14, Issue x. 5
http://www.bioflux.com.ro/aacl

averages (total per trip per number of operations); it has no
signification; the authors either calculate the average of the
averages or the overall total per total number or operations

Commented [WU2]: Please clarify if 12,558.17 kg represents an
average/trip or an average per setting?

Please calculate the average per trip and the average per setting
and based on the total catch of 56,689 give the results.

The 12,558.17 value represents the total of the averages per trip and
IT DOES NOT REPRESENT AN AVERAGE.

[Commented [A3R2]: Corrected.




The composition of the catch based on the type of fish

Total catch (Kg)

Trip to- - Ibacares K. pelamis E. affinis D. ruselli Total
1= 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
Sth 0 4,467 4,290 850 9,607
6th 13 2,536 670 4,763 7,982
7th 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7t trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6% trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6% trip,
as much as 4,763 kg, and the lowest was on the 3™ trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1t trip to the 7t trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 15t trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3™ trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6 trip was 2,536 kg,
the 7t trip was 4,323 kg (Figure 3).
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Figure 3. Diagram of the average catch of Katsuwonus pelamis.

Chlorophyll-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.

o ) U

chlorophyll-a concentration values can also be seen in table 4 below: « [Formatted: Left
h’a ble 4]" [Commented [WUA4]: Must be mentioned in the text before
Chlorophyll-a concentration values displaying the table.
[c ted [A5R4]: ok

Chlorophyli-a concentration value (mg m;3) [Formatted: Superscript

Tri ps 1st 2nd 3rd 4th 5th 6th
. . . . . . Average
operation operation operation operation operation operation

Trip1 0.13082 0.1292 0.1273 0.1268° - - 0.1285
Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3  0.13992 0.1342° - - - - 0.1370
Trip 4 0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.09132 0.0880 0.0875° 0.0894 0.0893

3 the distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7t trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7™ trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™3.

Chilaraphyll-a Average

Chilcraphell-a [mg )
=
=

Figure 5. Diagram of average chlorophyll-a for 7 trips.
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The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.

Relstianahip Chilprophyll-a ko K, pslamis
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.

Based on Figure 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount value of chlorophyll-a is 3,320, tecount > travle (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 .8822 .779 .668 320.54745

?Predictors: (Constant), Chlorophyll-a.

Based on the results obtained in table 5 above the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
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currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Cc ted [A6]: As requested before:

Table 6
ANOVA regr‘ession table |
Model Sum of squares df Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 .049P
1 Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6

Dependent Variable: K. pelamis]; ® Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST).

A Frest was conducted to check the influence of chlorophyll-a together with the SST
(independent variables) on the catch of K. pelamis (dependent variable), demonstrating a
significant effect (in the ANOVA regression table, the significance level is 0.049<0.05 or
Fo>Ftabe). A previous research, conducted by Demena et al (2017), stated that sea
surface temperature and chlorophyll-a are two predictors of the presence of fish in the
waters, especially concerning K. pelamis.
Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
Y = -21,557.333 + 642.160 X1 + 33,535.607 X3

Details of the calculations are required in the manuscript’s text.
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The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg (intercept).
- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.
- if the X2 variable (chlorophyll-a) increases by 1 mg m=3 and the other variables are
constant, then the Y variable will increase by 33,535;.607 kg.\
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The results showed that the K. pelamis maximum fishing potential occurs for an+..

optimal chlorophyll-a concentration of 0.13 mg m=. This is in accordance with previous
research conducted by Jufri et al (2014) which states that the potential fishing area for K.
pelamis is closely related to the environmental parameters, especially to a chlorophyll-a
in the optimal range of 0.12-0.22 mg m=.
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Abstract. [Potential areas for catching Katsuwonus pelamis have a close relationship with environmental
parameters, especially chlorophyll-a. Remote sensing methods are used to detect oceanographic
parameters including sea surface temperature (SST), salinity, chlorophyll-a index, currents and other
oceanographic conditions. On this purpose, the multiple linear regression method was used to analyze
their relationship. Based on the results of the study, it is known that (1) the value of the coefficient of
determination (Rz2) is 0.196 or 19.6%. it means that the chlorophyll-a factor can only explain the real
model by 19.6% so that the rest is provided by other factors of 80.4%. Based on the t-test, the t_count
value of chlorophyll-a is 3.320, the sig value is 0.029. For the t_taiee value of 2.77. the results are based
on the value of t_count > t_tavle @and the value of sig 0.029 < 0.05. So that the H, obtained is rejected and
H_1is accepted, then there is a significant effect between chlorophyll-a and K. pelamis. (2) in the ANOVA
table the value of R2 = 0.779 or 77.9% the effect of chlorophyll on K. pelamis, so the remaining 22.1%
is another factor. Based on the calculation of F with SPSS 25 and manually obtained the value of Fo =
7.030 and the value of F_tabie = 6.94.

The results obtained in the ANOVA table have a sig value of 0.049 <0.05. So it can be concluded that Ho
is rejected and H; is accepted because the sign value is <0.05 or Fo Fuble, SO there is a significant effect
of chlorophyll-a on K. pelamis.]

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.

The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to
the east of Indonesian waters. The eastern monsoons develop perfectly, supplying water
masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m? (Zainuddin 2011; Hidayat et al 2019; Wangi et
al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
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parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of > 500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosols, land-covering plants, phytoplankton and
dissolved organic matter in the oceans, as well as the air, land and water temperature
(Putra et al 2012). The Aqua MODIS satellite has a polar sun-synchronous orbit. The
satellite crosses the equator at noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal
changes directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). The
purpose of this study was to analyze the relationship and effect of chlorophyll-a on the
catch of K. pelamis (Mugo et al 2010).

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
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distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.

The catch used includes the catch weight of K. pelamis analyzed by calculating the
weight per fishing trip, so that fluctuations in the catch based on time (temporal) and
fishing location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is (Sugiono 2007):

R — ”'_):'.u“' ”;3;-:—2”'_)';-1”'_)'33 Teixz
TH¥ 112122
Where:
Ry «x, - COrrelation of the variables X1 and Xz with the variable Y;

ryx; - correlation between X; and Y;
ryx, - correlation between X, and Y;
Tx1%, - correlation between X; and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y=a+ bj_Xj_ + ngg
Where:
X1 - variable sea surface temperature;
Xz - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, b2 - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

Rim—-k-1)
Fo =———
° T
Where:
n - number of fish caught;
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k - number of independent variables;
R2 - determination coefficient.

2. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the trest:

-5
o = 17t
Sp1

When the regression formula involves only two independent variables, the values of Sp1
and Sb2 are as follows (|....):

S [ P . E—
So1 = |5 Sm)-aem
75

— 2
2 = |5 Tamed)-emr

Se = E - TyE— by Ty =B Ny
€ n-3 n-3
Where:

Svk - standard error of estimator bk, k=1, 2;
e - confounding error (values of other variables not included in the equation).

Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyli-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips, with 34
operations. The total catch was 56,689 kg with an faverage of 12,558.17 kg. The number
of catches on the 2" trip (6 operations) was the largest, with a total catch of 11,954 kg
(an average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).

Table 2

The number of fish catch per trip
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Trip  Number of operations Amount (Kg) Average (Kg) Percentage (%)

1t 4 8,226 2,056.5 14.5
2nd 6 11,954 1,992.33 21.1
3 2 5,522 2,761 9.7
4th 4 7,006 1,751.5 12.4
5th 6 9,607 1,601.16 17
6th 6 7,982 1,330.33 14.1
7th 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7t trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
the 6% trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7t trip, and the highest D. ruselli was on the 6% trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- = Ibacares K. pelamis E. affinis D. ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6th 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7t trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6™ trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6% trip,
as much as 4,763 kg, and the lowest was on the 3™ trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
6000

B
9;" 4000 | | mBabytuna
@
ﬁ 2000 -p— % B @& B°& B Cakalang
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1 2 3 4 5 6 7 Layang
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1t trip to the 7t trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
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1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 15 trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3" trip was
4,270 kg, the 4t trip was 2,948 kg, the 5% trip was 4,467 kg, the 6 trip was 2,536 kg,
the 7% trip was 4,323 kg (Figure 3).

The average catch of K. pelamis per setting

— 200
% 1,300
5 1000
'E' 540
5 0
1 ? 3 4 5 i 7
fEng)

Figure 3. Diagram of the average catch of Katsuwonus pelamis.

Chlorophyli-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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Trips 1 st 2nd 3rd 4th h 6th
. . . . . . Average
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Trip1 0.1308° 0.1292 0.1273 0.1268P - 0.1285

Trip2 0.1176 0.1176 0.1173 0.1266 0.1176 0.1266° 0.1205
Trip3  0.1399° 0.1342° - - - - 0.1370
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Trip5 0.1314 0.1312 0.1312 0.13142 0.1313 0.1258° 0.1303
Trip6  0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.0913° 0.0880 0.0875° 0.0894 0.0893

athe distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7™ trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7™ trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™.
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The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.

Based on Figure 6 above, the coefficient of determination (R2) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount Value of chlorophyll-a is 3,320, tcount > ttable (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.
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The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Table 5
Model summary

Std. error of the estimate
320.54745

Model R R square Adjusted R square
1 .8822 .779 .668
@Predictors: (Constant), Chlorophyll-a.

Based on the results obtained in table 5 above the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Table 6
LANOVA regression ta ble J Cc ted [A10]: As requested before:
Model Sum of squares df Mean square F Sig Details of the calculations are required in the manuscript’s text.
Regression 1444657.089 2 722328.544 7.030 .049° Commented [A11]: As requested before:
1 Residual 411002.672 4 102750.668 )
Please use the required format for the numbers
Total 1855659.760 6 “” thousands
e Dependent Variable: K. pelamis], ® Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST). “” decimals

A Frest was conducted to check the influence of chlorophyll-a together with the SST
(independent variables) on the catch of K. pelamis (dependent variable), demonstrating a
significant effect (in the ANOVA regression table, the significance level is 0.049<0.05 or
Fo>Ftabe). A previous research, conducted by Demena et al (2017), stated that sea
surface temperature and chlorophyll-a are two predictors of the presence of fish in the
waters, especially concerning K. pelamis.
Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
Y = -[21557.333 + 642.160 X1 + 33535.607 XzJ
The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and X2 (chlorophyll-a) have a value of 0, then the
variable Y is|-21557.33 kg (intercept).
- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.
- if the X2 variable (chlorophyll-a) increases by 1 mg m=3 and the other variables are
constant, then the Y variable will increase by 33535,607 kg.|

Distribution of chlorophyli-a with K. pelamis catch.
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Catched Fish, Base On Chlorophyll-a

St Fengy dagl

crilarophyB-a (mg mh

Figure 7. Catch based on chlorophyll-a.|

In the figure above, the highest catch occurs at a concentration of 0.137 mg m=. The
graph of the relationship between chlorophyll-a and the catch of K. pelamis, shows that
the concentration of chlorophyll-a and the catch of K. pelamis have a unidirectional
relationship. The results showed that the K. pelamis maximum fishing potential occurs for
an optimal chlorophyll-a concentration of 0.13 mg m=. This is in accordance with
previous research conducted by Jufri et al (2014) which states that the potential fishing
area for K. pelamis is closely related to the environmental parameters, especially to a
chlorophyll-a in the optimal range of 0.12-0.22 mg m3.

Conclusions. [Based on the results and discussion that has been described, it can be

concluded as follows:

1. The value of the coefficient of determination (Rz) is 0.168 or 16.8%. This shows that
the SST factor used can only explain the actual model by 16.8% so that the rest is
explained by other factors of 83.2%. Based on the t test, the SST value was 3.243,
the sig value was 0.032. For a value of 2.77. Based on the results obtained the value
> and sig value 0.032 <0.05. So, if Ho is accepted and rejected, then there is a
significant effect between SST and K. pelamis catch.

2. The coefficient of determination (R2) is 0.196 or 19.6%. This shows that the
chlorophyll-a factor used can only explain the real model of 19.6%, so the rest is
explained by other factors of 80.4%. Based on the ttest, the tecount Value of chlorophyll-a
was 3,320, the sig value was 0.029. A significant effect between chlorophyll-a and K.
pelamis was demonstrated For the ttabe value of 2.77. Based on the results, the value
of tcount > ttable @and sig value is 0.029 <0.05. So that obtained H, is accepted and
rejected, then there is a significant effect between SST and skipjack catch.

The results obtained in the ANOVA table, the value of R2 = 0.779 or 77.9% is the effect

of chlorophyll on K. pelamis, so that the remaining 22.1% is another factor. Based on the

calculation of the Ftest using SPSS 25 and manually, the value of Fo = 7.030 and the value

of Fuave = 6.94 is obtained. The results obtained in the ANOVA table sign value 0.049

<0.05 So it can be concluded that Ho is rejected and Hi is accepted because the sign

value is <0.05 or Fo = Frable, SO there is a significant effect of chlorophyll-a on K. pelamis.|
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The effect of chlorophyll-a on the catches of
skipjack tuna (Katsuwonus pelamis) in Banda

Sea, Maluku, Indonesia
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Abstract. The Banda Sea is located in the waters of Central Maluku Regency, Maluku Province. The
topography of the seabed is very complex with a basin in the west and a trough in the east. The shape of
the topography is also decisive in controlling the exchange of water masses. The purpose of this study
was to analyze the relationship of chlorophyll-a and the effect of its distribution on the catch of skipjack
tuna (Katsuwonus pelam/s) The study used the data analy3|s method, namely multiple linear regression,
Acomputerized data processing using

C d [WUL1]: As requested before:

the SPSS 25 program) Prlmary data was obtamed by followmg fishing operations and secondary data
was collected from chlorophyll-a images downloaded from the NASA database in the form of an average
per trip. The results of the study showed that: the—value—of-the—coefficient-of-determination{(R2)-was
the coefficient of determination (R2) is 0.196 or 19.6%. This shows that the
chlorophvll a factor used can only explain the actual model by 19.6%, so that the remaining 80.4% are
explained by other factors such as salinity and currents, the rest was influenced by other factors. The
results of the t-test obtained a t_count chlorophyll-a value of 3.320, sig value of 0.029 and t_table value
of 2.77. Based on the value of t_count>t_table and the value of sig 0.029<0.05, there was a significant
effect between chlorophyll-a and K. pelamis; the ANOVA table showed the value of R2=0.779 or 77.9%
the effect of chlorophyll on K. pelamis, so the remaining 22.1% was influenced by other factors. Based
on the results obtained, chlorophyll-a had a significant effect on K. pelamis.
Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.

The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to
the east of Indonesian waters. The eastern monsoons develop perfectly, supplying water
masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m3 (Zainuddin 2011; Hidayat et al 2019; Wangi et
al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
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parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of 2500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosols, land-covering plants, phytoplankton and
dissolved organic matter in the oceans, as well as the air, land and water temperature
(Putra et al 2012). The Aqua MODIS satellite has a polar sun-synchronous orbit. The
satellite crosses the equator at noon, approaching at 13.30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). The
present research aimed to analyze how much influence chlorophyll-a had on the number
of K. pelamis, knowing the distribution of chlorophyll-a concentrations in the Banda Sea,
Maluku. In this way, fishermen can be more effective in determining the area and time of
catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
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Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.

The catch used includes the catch weight of K. pelamis analyzed by calculating the
weight per fishing trip, so that fluctuations in the catch based on time (temporal) and
fishing location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is (Sugiono 2007):

R _ 1t Thwn= 2 yaaTyaen Teaxa
¥k 1111z
Where:
Ry xx, - COrrelation of the variables X1 and Xz with the variable Y;

ryxy - correlation between X; and Y;
ryx, - correlation between X, and Y;
X%, - correlation between X; and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y =a+byX; +baXz
Where:
X1 - variable sea surface temperature;
X2 - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, bz - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regression using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

R*(n—k-1)
Fo ==———
TR
Where:
n - number of fish caught;
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k - number of independent variables;
R? - determination coefficient.
2. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:
_ b5
to o
Where:
bi - regression slope coefficient;
Bi - hypothesized slope;
Spi- standard deviation of slope.

Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyli-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips, with a total
catch of 56,689 kg and an average of 12,558.17 kg per 34 operations. The number of
catches on the 2™ trip (6 operations) was the largest, with a total catch of 11,954 kg (an
average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).

Table 2
The number of fish catch per trip

Trip  Number of operations Amount (Kg) Average (Kg) Percentage (%)

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6t 6 7,982 1,330.33 14.1

7th 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7% trip and the lowest was on the
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5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
the 6™ trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7™ trip, and the highest D. ruselli was on the 6™ trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- —+ Ibacares K. pelamis E. affinis D. ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6th 13 2,536 670 4,763 7,982
7th 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7t trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6% trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6" trip,
as much as 4,763 kg, and the lowest was on the 3" trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1t trip to the 7t trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 15t trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3" trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6 trip was 2,536 kg,
the 7t trip was 4,323 kg (Figure 3).
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Figure 3. Diagram of the average catch of Katsuwonus pelamis.
Chlorophyli-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
The chlorophyll-a concentration values can be seen in Table 4 below:

Table 4
Chlorophyll-a concentration values
Chlorophyll-a concentration value (mg m?3)
Tri) ps 1 st 2nd 3rd 4th 5th 6£h
. . . . . . Average
operation operation operation operation operation operation
Trip1l 0.1308° 0.1292 0.1273 0.1268° - - 0.1285
Trip 2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3 0.1399° 0.1342° - - - - 0.1370
Trip 4 0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip 5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6  0.1208 0.12882 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7  0.0895 0.0903 0.09132 0.0880 0.0875° 0.0894 0.0893

2 the distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7t trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7% trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™.

Chlaraphyll-a Average

Chileraphodl-a [mg o)
=
=

Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.

Based on Figure 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount value of chlorophyll-a is 3,320, tcount>trave (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 .8822 .779 .668 320.54745
?Predictors: (Constant), Chlorophyll-a.

Based on the results obtained in table 5 above the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Table ¢
ANOVA regression table
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Model Sum of squares df Mean square F Sig.

Regression 1,444,657.089 2 722,328.544 7.030 .049°
Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6
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Based on the table above, the SST teount is 3.243, the sig value is 0.032. The tiable ‘

is 2.77. Based on the results obtained the teount > tiable and sig value 0.032 <0.05. So it

was found that Ho, was rejected and H; accepted, then there was a significant effect
between SST and the catch of K. pelamis, this is based on previous research conducted

by Fajrianti (2016) which stated that SST had a significant effect on the catch.

A

Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
Y =-21,557.333 + 642.160 X1 + 33,535.607 X2
The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg ](intercept).
- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.
- if the X2 variable (chlorophyll-a) increases by 1 mg m3 and the other variables are
constant, then the Y variable will increase by 33,535.607 kg.

Distribution of chlorophyll-a with K. pelamis catch. The graph of the relationship

between chlorophyll-a and the catch of K. pelamis, shows that the concentration of
chlorophyll-a and the catch of K. pelamis have a unidirectional relationship.
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Figure 7. Catch based on chlorophyll-a.

In the figure above, the highest catch occurs at a concentration of 0.137 mg m™>3. The
results showed that the K. pelamis maximum fishing potential occurs at an optimal
chlorophyll-a concentration of 0.13 mg m3. This is in accordance with previous research
conducted by Jufri et al (2014) which states that the potential fishing area for K. pelamis
is closely related to the environmental parameters, especially to a chlorophyll-a in ke
jreirehhkh-optimal range of 0.12-0.22 mg m-3,
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positive, if the value of one variable is increased it will increase the value of the other
variable and vice versa. So there is a positive relationship between chlorophyll-a and
K. pelamis catches, this means that if the chlorophyll-a is higher, it will increase the
catch, and vice versa if chlorophyll-a is lower, it will decrease the catch of K. pelamis.

5. Based on the results of the coefficient of determination (R2) = 0.779 or 77.9%. This
shows that 77.9% influence of SST and chlorophyll-a on K. pelamis catches, so the
remaining 22.1% is influenced by other factors such as currents, salinity, and others.
The correlation coefficient (R) in the model summary table above is 0.882. The value
of the correlation coefficient (R) included in the interval at 0.80-1.00 means that the
level of relationship between SST and chlorophyll-a to K. pelamis catches is very
strong.

6. In general, the SST in the Banda Sea, especially in the fishing area on the first trip,
was cold, on the next trip it was dominated by warm temperatures. Most areas in the
Banda Sea tend to be warm, although there are still certain areas where the
temperature is cold. The sea surface temperature on the fifth trip was cold due to the
influence of rainfall which caused very little solar radiation because it was covered by
clouds. The low SST can also be caused by other oceanographic factors such as
currents, upwelling. However, more detailed observations are needed to see the
extent of the influence of currents and upwelling on SST in the Banda Sea.

7. The highest catch was at a concentration of 0.137 mg m_>. Based on the graph of the
relationship of chlorophyll-a to skipjack catches, it shows that the concentration of
chlorophyll-a with K. pelamis catches has a unidirectional relationship, it can be )
interpreted that the increase in skipjack catches means the concentration in these
waters increases, and vice versa.

8. The results of the study concluded that the potential area for K. pelamis catching« |

based on the optimum sea surface temperature was around 29°C and the optimum

concentration for chlorophyll-a was around 0.13 mg m2.,
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The effect of chlorophyll-a on the catches of
skipjack tuna (Katsuwonus pelamis) in Banda

Sea, Maluku, Indonesia
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Abstract. Potential areas for catching K. pelamis haves a close relationship with environmental
parameters, especially chlorophyll-a. Fhe—use—ef—+Remote sensing methods are used to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-a index,
currents and other oceanographic conditions,- Remote-sensingas a technology which helps in-observing
oceanographic parameters_and-se-that-they—ean determine-determining the effect of chlorophyll-a on the
catch of K. pelamis in the Banda Sea. Fhe-(On this purpose, the multiple linear regression method efthis
stud—y—was—tewas used to analyze their relatlonshlp«hﬁdﬁ#ee%eﬁeb&%ephy%a%the{atehﬁﬁlepeﬁamﬁ

méeeeﬂéeﬂt—\%ab&es,—name%y—etﬂereﬂhw—a [Based on the results and d|scu55|ons that have been
described, it can be concluded that;—: (1) the value of the coefficient of determination (Rz) is 0.196 or
19.6%. This shows that the chlorophyll-a factor tsed-can only explain the real medel-data by 19.6%, so
that the rest-remaining 80.4% of the catch volume is explained by other factors-ef86.4%;- (2) Based on

the trest, the teount Value of chlorophyll-a was 3.320, the sig value was 0.029. [For the twbie value of 2.77.
Based-on-tThe results ebtainedshow that the valie of tcount > twve and sig value of 0.029 <0.05. [So it
was found that Ho was rejected and Hi: was accepted, then there was a significant effect between
chlorophyll-a and K. pelamis.| (23) in the ANOVA regression table the value of R2 = 0.779 or 77.9% the
effect of chlorophyll-a on K. pelamis, so the remaining 22.1% is another factor.—; Based-on(4) from the
calculation of the Fiest using SPSS 25 and manually, it is-ebtainedresults that the value of Fo = 7.030 and
the value of Fuble = 6.94. The results obtained in the ANOVA table have a sign value of 0.049 <0.05. So
it can be concluded that Ho is rejected and H; is accepted because the sign value is <0.05 or Fo Fabe, SO
there is a significant effect of chlorophyll-a on K. pelamis.|
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Introduction. The Banda Sea owes is—ene—of-the—waters—thathas—this its wealth
abundance which—hasto a high —an abundant-nutrient load. The distribution of these
nutrients can be seen by the upwelling phenomenon in the Banda Sea (Putra et al 2017).
The topography of the seabed is very complex, with a basin in the west and a trough in
the east (Suyarso 1999; Tapilatu 2016). This complex topographical shape also
determines the mass exchange of water. The circulation of different water masses—=anrd
varies between seasons and is influenced by the monsoon wind—patteran—system’s wind
pattern.

The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to
the east of Indonesian waters,—and—vice—versa. T-when—the eastern monsoons develop
perfectly, supplying water masses originating from the upwelling areas in the Arafura and
Banda Seas (Hasanudin 1998). The upwelling process that occurs in the Banda Sea
results in a decrease i#-of temperatures, an increase i—of salinity; and a-the removal of
nutrients, so that their availability ef-rutrients-inthe-Banda-Sea-will affect the abundance
of plankton in the waters (Baars et al 1990; Armus et al 2019).

1
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The potential area for catching Skipjack tuna (K—atsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ehterephyt-a-in-the ranges from 0.12- to 0.22 mg m? (Zainuddin 2011; Hidayat
et al 2019; Wangi et al 2019). Almost all fish populations that live in marine waters,
including K pelamis-, have-require an-eptimum—optimal sea surface temperature (SST)
range and chlorophyll-a values for their survivallife,—neludingK—pefamis (Jufri et al
2014). Remote sensing technology helps in-observing the oceanographic parameters of
the surrounding waters in the Banda Sea, so that they—it can determine the effect of
chlorophyll-a on the catch of K. pelamis in the Banda Sea. The purpose of this study was
to analyze the relationship and effect of chlorophyll-a on the catch of K. pelamis (Mugo et
al 2010).

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas that-havewith many islands. The vertical distribution of K. pelamis starts from
the surface to a depth of 260 m during the day, while at night it will go to the surface
(diurnal migration) (Ekayana et al 2017). K. pelamis specimens fromin the small size
category tends to be caught in—at a more homogeneous (warm) SST, while large K.
pelamis is—are_caught in a wider range of SST (cold and warm) (Simbolon & Limbong
2012). K. pelamis congregates at low chlorophyll-a concentrations and water depths of >
500 m, because K. pelamis is a carnivorous fish with the main prey of small pelagic fish
such as Stelophorus sp. and Sardinella sp., which are abundant in the continetal shelf
and centinetal-slepe-sloping waters (Bubun et al 2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
esenegraphice—oceanographic parameters including sea surface temperature (SST),
salinity, chlorophyll-a index, currents and other oceanographic conditions is a very
appropriate alternative (Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing
technology has several advantages including cheap and easily accessible data prices,

wide area coverage, high temporal resolution and digitalized data-ferms _supply, making it
a potential source effor the geographic information system (GIS) data (Louhenapessy &
Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosolsaeserel, land-covering plants—eevering—tand,
phytoplankton and dissolved organic matter in the oceans, as well as the air, land and
water temperature (Putra et al 2012). The Aqua MODIS satellite has a polar sun-
synchronous orbit. The satellite crosses the equator at noon, approaching at 13.30 local
time (Karif [2014).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly affeet-influence the presence of fish in an
area, which—has—an-impact-on—changesindetermining the fishing grounds in that area.
Both of these parameters can trigger natural events or phenomena such as upwelling and
fronts (Waileruny et al 2014). The fishing season in Southeast Sulawesi waters can be
found in January to April and from July to September, and- Fhe-fishing-seasenit can-be
affected—by the salinity which—isof the habitat of the caught fish species. In the eastern
monsoon (June to September), high salinity water masses originating from the Flores
Sea and Pacific Ocean flow through the Makassar Strait to the Java Sea. In the western
season (December to March) surface currents move from the South China Sea into the
Java Sea from west to east (Bubun & Mahmud 2016). [(...))

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data;,— and the softwares
SeaDas, SPSS Statistics 25; and Surfer 13.0.
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Method of collecting data. The data collection method uses primary data, {carried out
in situy which—isby direct observation in—thefield by—foHewingof the fishing operation
including operating time, the number of catches and the position of the fishing area, and
by using secondary data including the image of the distribution of chlorophyll-a, from the
level 3 of the Aqua MODIS, downloaded from the NASA database
(http://www.oceancolor.gsfc.nasa.gov). then—Data were processed using the Seadas to
get the chlorophyll value and the ard-precessed-using-Surfer 13 to get the-results-of-the
distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map with—of level 3, at night, in—from November 2017 to March
2018. Chlorophyll-a data is-was calculated using chlorophyll-a image data that has been

adjusted with eerrected—both atmospheric and geometrically corrections. usirg—Seadas
whieh—will-produced the chlorophyll-a distribution data which will-bewas reprocessed
using a computer device, then the-data-isreprecessed-using the Surfer 13, which will find
eutproduced the distribution data of chlorophyll-a in the ferm-of-JPEG image format.

The catch used includes the catch weight of K. pelamis during November 2017 to
March 2018, analyzed by calculating the weight per fishing trip, so that fluctuations in the
catch based on time (temporal) and fishing location (spatial) can be observed.

Multiple correlation analysis. Mcitiple-The multiple correlation isa—rumberthatshews
showed the direction and strength of the relationship between the twe-studied variables

tegether—or—more—with—other—variables. To be able to provide an |nterpretatlon of the

correlation coefficients found, reference values are -
by-the-conditions-listed in table-Table 1 below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is-asfelews (..)):

2 2
R _J’"yx1+ Tywe~ 2Pya1Pyxz Teixn
XXa T 2
¥ %Xz 11102

Where:
Ry «x, - COrrelation between-of the variables X=1 and X—, tegetherwith the variable Y;
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ryx; - correlation between X; and Y;
ryx, - correlation between X; and Y;
X%, - correlation between X; and X,.

Multiple linear regression analysis. Thedata—where-\When the correlation coefficient is
at—a—sufficiently high—evel-er—mere—than—sufficient, then—tested—againa using—multiple
linear regression was used to examine the variables relationship (Sugiono 2005),- Fhe

multipleinearregressienfoermulais as follows:

Y=a+bX; +bXz

Where:

Xi - variable sea surface temperature;

Xz - chlorophyll-a variable;

Y - the mest-maximum aumber-quantity of [certain fish species caught];
3
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a, b1, b2 - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance er—ret-of the relationship of more than
two variables through the regression coefficient. Multiple-The multiple linear regression;
statistical tests can be divided into two_categories, namely-asfetews:

1. Concurrent Test

The test conducted in multiple linear regression uses the simultaneous test, which is a
statistical test for the regression coefficient that simultaneously or jointly affects Y, this
test uses the F test, namely/:

R¥*(n—k-1)
Fo =————
° T
REEyE)

—_ &
Fo L)
n—k-1

Where:

n - number of subjects];

k - number of independent variables.;
[Zyz - sum of squares of the variable Y.J

2. Individual Test
Individual test, namely the statisticferthe-regression statistic eeefficiert-with only one
regression coefficient that-affeets-affecting Y,- Fhistest-uses-using the twest;Aamely:

't _ b-B
0 =
Spa

Espeeiatly-ferWhen the regression_formula #vebving-involves only two independent
variables, the values of Sbiand Sb2 are as follows:

Tad

‘Sbl =% (Baf)(Tad) - (Bxgxp)®
E = Eai
bz g (Baf)(Tad) - (Fxgxp)?
Se = Eef _ [ Dyi-biBxay-baRaay
e = |28 = [&F T hmadTalal

n-3 n—3

Geographlcal mformatlon systems—(GFS)-analysis.
The Surfer 13 software was used to map the distribution of

chlorophyll-a ir—from November 2017 to March 2018, based on time (temporal) and
fishing location (spatial), with the aim of producing information about the relationship of
these variables.

Results and Discussion

This research was conducted n-from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.
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Figure 1. Purse seiner.

Fish catch results. The fishing operation is—was carried out in seven trips, with 34
settingOperationsoperations. The total catch was 56,689 kg with an [average of
12,558.17 kg. The number of catches on the 2™ trip (6 times—the
settinrgOperationoperations) was the largest, with a total catch of 11,954 kg with—(an
average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operationstimes-settingOperation) was-recorded the minimum-smallest total catch,
namely 5,522 kg_or 9.7% of the total catch, but with the highestar average pfer
operation, of 2,761 kg-er9-7%efthetotal-cateh-—Feormeredetails;see table-(Table 2).

Commented [WU18]: Original photo? If not, please specify the
source.

Commented [A19]: Elementary mistake: this is the sum of the
averages (total per trip per number of operations); it has no
signification; the authors either calculate the average of the
averages or the overall total per total number or operations

Table 2
The number of fish catch per trip

Trip Number of Amount Average Percentage
to- settingOperationsoperations (Kg) (Kg) (%)

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6th 6 7,982 1,330.33 14.1

7th 6 6,392 1,065.33 11.2
Total 34 56,689 [12,558. 17‘ 100 C ted [A20]: Elementary mistake: this is the sum of the

Composition of catch. The catch data consists of seven trips with 34
settinrgOperationsoperations. The main catches are K. pelamis, T. albacares, E. affinis and
D. ruselli. Based on the results obtained, the highest T. albacares catches were on the 77
trip 7 and the lowest was on the 5" trip-5%. K. pelamis catches reached the highest
value on the 2™ trip 2°¥-and the lowest on the 6™ trip—6™. The highest T. albacares
catches were on the 2" trip 27 and the lowest was on_the 7™ trip-—7*, and the highest D.
ruselli was on the 6™ trip 6®-and the lowest was on_the 3™ trip—37. The composition of
the catch can be seen in table 3 below.

averages (total per trip per number of operations); it has no
signification; either calculate the average of the averages or the
overall total per total number or operations

Table 3
The composition of the catch based on the type of fish

. Total catch (Kg)
Trip to- T. albacares K. pelamis E. affinis D.ruselli Total

1st 825 3,018 2,590 1,793 8,226

2nd 230 5,676 4,430 1,618 11,954

3rd 90 4,270 497 665 5,522

4th 569 2,948 1,817 1,672 7,006

5
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5th 0 4,467 4,290 850 9,607
6t 13 2,536 670 4,763 7,982
7th 915 4,323 0 1,154 6,392

Based on the table-data mentioned above, the highest catch was on the second trip, as
much as 11,954 kg, consisting of 230 kg T. albacares, 5,676 kg K. pelamis, 4,430 kg E.
affinis; and 1,618 kg D. ruselli. The lowest catch was on the 3 trip, as much as 5,522
kg, consisting of 90 kg T. albacares, 4,270 kg K. pelamis, 497 kg E. affinis; and 665 kg
D. ruselli.

The highest catch of T. albacares was on the 7t trip, as much as 915 kg, while the
lowest was on the 5™ trip, with no catch. The highest catch of K. pelamis was on the 2™
trip, as much as 5,676 kg, while the lowest was on the 6% trip, with was-2,536 kg. The
highest E. affinis ¥—atbacares—catch was on the 2" trip, as much as 4,430 kg, and the
lowest on the 7t trip, with no catch. The highest D. ruselli catch was on the 6™ trip, as
much as 4,763 kg, and the lowest was on the 3 trip, with was-665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish. This can
be seen in Figure 2 below.

Catch Composition

6000
B
'E' 4000 ] | mBabytuna
Q
::9 2000 +— —" —F—F+—F — Cakalang
o
[§]
0 [ | o I 1 Tongkol
1 2 3 4 5 6 7 Layang

Trip

Figure 2. Composition diagram of the catch.

Average K. pelamis per operationsettingoperation-restts. The catch of K. pelamis
is higher than that of other types. The total catch of K. pelamis from the 1 trip to the 7t
trip was 27,238 kg. The average highest catch of K. pelamis with—the—highest
settingOperationper operation was recorded on the 3™ trip, withas 1,495 kg, while the
lowest catch en—per operation was recorded on the 6™ trip, with was—422.67 kg. The
catch of the 1%t trip was 754.5 kg, the 2"d trip was 946 kg, the 3™ trip was 1,495 kg, the
4t trip was 737 kg, the 5% trip was 744.5 kg, the 6% trip was 422, 67 kg, the 7t trip was
720.5 kg, as shown in Figure 3 below.

Rata-Rata Hasil Tangkapan lkan
Cakalang Persetting
2000
£ 1500
& 1000
Q.
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[
& ©
% 1 2 3 a 5 6 7
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Figure 3. Diagram of the average catch of K. pelamis.
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Chlorophyll-a. Because Fertilefertile waters contain high chlorophyll-a concentrations,
beeause-the chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The data will-be—were processed using Seadas which wil—produce chlorophyll-a data
which is recycled using the help of a computer device, then the data will be processed
using Surfer 13 which will be processed in the form of a JPEG image format which

displays the distribution of chlorophyll-a with different colors for each chlorophyll-a. The /,/—/[ Commented [A23]: Please reformulate clearly

distribution of chlorophyll-a was taken based on the time and position of the capture
operation. The following isa-JPG images fermat-ofrepresent the chlorophyll-a distribution
i-over the 7 fishing trips-ef-fishing.
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Table 4
Chlorophyll-a Concentration Values

Chlorophyll-a Concentration Value (mg m?3)
1st 2nd 3rd 4th 5th 6th Average
SettingD | SettingOp | SettingQ | Setting0 | SettingQ | Setting0

peration eration peration | peration peration peration

Trip1 | 0.1308 0.1292 0.1273 0.1268 - - 0.1285
Trip2 | 0.1176 0.1176 0.1173 0.1266 0.1176 0.1266 0.1205
Trip 3| 0.1399 0.1342 - - - - 0.1370
Trip4 | 0.1046 0.1080 0.1077 0.1632 - - 0.1209

Trip5| 0.1314 0.1312 0.1312 0.1314 0.1313 0.1258 0.1303

Trip6 | 0.1208 0.1288 0.1287 0.1227 0.1281 0.1001 0.1215

Trip 7 | 0.0895 0.0903 0.0913 0.0880 0.0875 0.089%4 0.0893

The distribution of the highest chlorophyll-a
concentrations

The distribution of the lowest chlorophyll-a
concentrations

The chlorophyll-a concentration value on the 7t" trip decreased significantly, which—was
the-towest-concentration—valte-compared to the other trips. The higher the chlorophyll-a
concentration value in the waters, the more fertile the waters. wil-be-and-conversely-the

7

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the

concentration of the 7t trip decreased, %he—eeaeeaﬂa’&en—ef—eMerephyH—a—Mmeh—was
g%eatl—y—deeFeased—compared to the other trlps Jihe—ehmlerephyﬁ—a
%he—eHeFephyH—a—eeﬂeeﬂ%Faﬁen—The average chIorophyII a concentratlon was the hlghest
ir—on _trip three-3 and the lowest m—_%trlp 7. The difference between the highest and
lowest concentrations is 0.0477 ng m=
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Figure 5. Diagram of average chlorophyll-a for 7 trips. |

.The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. Multiple-The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch—_was determined byManrualmuitiple—eorrelation—test
using SPSS 25.

Relationship between Chlorophyll-a
to K. pelamis
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Figure 6. Graph of chlorophyll-a relationship to K. pelamis.|

Based on graph 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% is—are explained by other factors such as salinity;— and
currents.-and-ethers:

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
stated-as-positive;—:_if the value of one variable is increased, it will increase the value of

the other varlables and vice versa._- (Suglono 20079—), while Se—the—pesrtwe—@atreﬁsme

7 |f the chIorophyII a is%ewefdecreases it
will decrease the catch of K. pelamis.
Hypothesis testing via the t test is used to determlne whether the hypothesis is
accepted or rejected;—thenthettestisused, based on-
the cCoefficients table (Table 7). Based on this table, the tcount value of chlorophyll-a is
3,320, teount > trable (3,320 > 2.77, respectively) and a-the sig value of 0.029 (< 0.05-),
therefore Based-on—theresults—obtained,thevalteteount >tane—=3;320 277and the
value-of sig—0-029—<-0-05—0ObtairedH.the null hypothesis is reJectedaaﬁeFHﬁfraeeep’eeé
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se—there-isdue to thea significant effect between—of chlorophyll-a ard-on the catch of K.
pelamis, this—is—in accordance with a previous research conducted by Demena et al
(2017), which states that chlorophyll-a and the number of catches K. pelamis has-have a
unidirectional relationship; and the chlorophyll-a concentration affects the presence of K.
pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly |nﬂuences the presence of fish in the waters espeC|a|Iy K. pelamis, because

a_migratory species . Knowing-Tthe effect
of chlorophyll-a on the catch of K. pelamis is calculated using the multiple linear
regression, with the kelp—ofSPSS 25, and manual calculations were performed using a
computer device.

Table 5
Model summary

Std. Error of the Estimate
320.54745

Model R R Square Adjusted R Square
1 .8822 .779 .668
a. Predictors: (Constant), Chlorophyll-a

Based on the results obtained in table 5 above the coefficient of determination (R2) =
0.779 or 77.9%. This shows that-an influence of 77.9% of the influeree-chlorophyll-a on
the catch of K. pelamis, so that the remaining 22.1% is-are influenced by other factors
such as currents_and ;—salinity;—and—ethers. The correlation coefficient (R) in the model
summary table above is 0.882. Based on table 5, the relationship level, ef-given by the
correlation coefficient (R), is included in the interval at 0.80-1.00, which means that the
level of chlorophyll-a relationship to the catch of K. pelamis is very strong.

|
|

Table 6
LANOVA regression table ] [" d [A29]: Details of the calculations are required in
the manuscript’s text.

Model Sum of Squares df Mean Square F Sig. {Commented [A30]: Please use the required format for the
1 Regression 1444657.089 2 722328.544| 7.030 .049P numbers

Residual 411002.672 4 102750.668

Total 1855659.760 6
a. Dependent Variable: K. pelamis
b. Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST)

Hypothesis—testused—is—theA Frest;—this—testis_was conducted to test—check the effeet
influence of chlorophyll-a findependent)-together with the SST (independent variables)
on the catch of K. pelamis (dependent variable)—which—willknow—the—results—of the

,_demonstrating Fhe—results—obtained—n—thea
significant effect (in the ANOVA regression table, the significance level is ~vatte-0.049 <
0.05 Se-itean-be—<concluded-thatHoisrejectedandHi-isaccepted-becausethesignvalue

[(‘ ted [A31]: Values?

+S—69—95—OI’ [Fo > —Ftable). I-f—H —os—Fejeeted—aﬁd—Hﬁs—aeeepted—theﬁ—t—here—is—a—agﬂ-rﬁe&nt

Qﬁrewous research conducted by Demena et aI (2017)l wh-reh—states—stated that sea
surface temperature and chlorophyll-a are two indicaters—which—greathy—affectspredictors
of the presence of fish in the waters, especially_concerning K. pelamis.

Based on the output of SPSS 25 in—(the coefficients_a—tablematrix) and_on the

[ Formatted: Not Superscript/ Subscript

Imanual calculations using the-help-of-a computer device, the results-ef-the-multiple linear
regression equation are-could be expressed as follows:
Y = -21557.333 + 642.160 X1 + 33535.607 X3
TBased-en—the multiple linear regression equation above; i-can be interpreted as follows:
- |pB—=—21557333 meansthatif the variables X1 (SST) and Xz (chlorophyll-a) have+
a value of 0, then the variable Y is -21557.33 kg_[(intercept).
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- bi=642;160-meansthatif the variable X1 (SST) increases by 1°C and the other
variables are constant, then the variable Y will increase by 642,160 kg.

- b>=33535607 means-that-if the X2 variable (chlorophyll-a) increases by 1 mg
m3 land the —other variables are constant, then the Y variable will increase by
33535,607 kg.|

Distribution of chlorophyll-a against K. pelamis catch.
Catched Fish, Base On Chlorophyll-a
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Figure 7. Catch fish-based on chlorophyll-a.|
Baﬁedﬂaﬁm the figure above, the highest catch is-occurs at a concentration of 0.137 mg
3, TBased-en—the graph of the relationship between chlorophyll-a and the catch of K.
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pelam/s #=shows that the concentratlon of chlorophyll-a and the catch of K pelam/s has
have a unldlrectlonal relatlonshlp,

. The results showed that the
potentialarea—for—K. pelamis—_maximum flshmq potential occurs forbased—en—the—_an
eptimum-optimal chlorophyll-a concentration-fer ehtorephyt-aof-was 0.13 mg m=3. This is
in accordance with previous research conducted by Jufri et al (2014) which states that
the potential fishing area for K. pelamis is closely related to the environmental
parameters, especially to a eptimum-chlorophyll-a in the optimal range of 0.12-0.22 mg
m=3.

Conclusions. Based on the results and discussion that has been described, it can be

concluded as follows:

1. The coefficient of determination (R?) is 0.196 or 19.6%. This shows that the
chlorophyll-a factor used can only explain the real model of 19.6%, so the rest is
explained by other factors of 80.4%. Based on the ttest, the tcount value of chlorophyll-
a was 3,320, the sig value was 0.029. A significant effect between chlorophyll-a and
K. pelamis was demonstrated For the tiwae value of 2.77. Based on the results, the
value of tcount > ttable and sig value |s 0. 029 < 0.05. —J-Se—rHs—ebfamed—Ehat—Ho—ns

rejected-andHiisacecepted, so

K—pefamis.

2. The results obtained in the ANOVA table, the value of R2 = 0.779 or 77.9% is the
effect of chlorophyll on K. pelamis, so that the remaining 22.1% is another factor.
Based on the calculation of the Ftst using SPSS 25 and manually, the value of Fo =
7.030 and the value of Ftavle = 6.94 is obtained. The results obtained in the ANOVA
table sign value 0.049 <0.05 So it can be concluded that Ho is rejected and Hi is
accepted because the sign value is <0.05 or Fo = Frable, SO there is a significant effect
of chlorophyll-a on K. pelamis.]
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Abstract. Potential areas for catching K. pelamis have a close relationship with environmental<
parameters, especially chlorophyll-a. Remote sensing methods are used to detect oceanographic
parameters including sea surface temperature (SST), salinity, chlorophyll-a index, currents and other
oceanographlc cond|t|ons, as—a techno&ogy Whlch helps observmg oceanograpmc parameters and
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Introduction. The Banda Sea owes its abundance to a high —nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.
The circulation of water mass in Indonesian waters differs between the west
monsoon and the east monsoon. In the west monsoon, water masses generally flow to
the east of Indonesian waters. The eastern monsoons develop perfectly, supplying water

AACL Bioflux, 2021, Volume 14, Issue x. 1
http://www.bioflux.com.ro/aacl

Cc ted [A1]: Please reformulate in order to obtain an
intelligible and grammatically correct phrase. Also, in the abstract
the authors did not present the null hypothesis, yet

[Commented [A2R1]: ok

Commented [A3]: Please reformulate the selected text. The
abstract is too long, with too many details. Briefly mention the list of
statistics, the final results and what do they demonstrate.

[Commenbed [A4R3]: ok




masses originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin
1998). The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching Skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m-3 (Zainuddin 2011; Hidayat et al 2019; Wangi
et al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea. The purpose of this
study was to analyze the relationship and effect of chlorophyll-a on the catch of K.
pelamis (Mugo et al 2010).

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of = 500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continetal shelf and sloping waters (Bubun et al
2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009).

One of the sensing satellites equipped with sensors that can detect the
chlorophyll-a content is the Aqua MODIS satellite (Utari 2013). The variables measured
by the Aqua satellite include the aerosols, land-covering plants, phytoplankton and
dissolved organic matter in the oceans, as well as the air, land and water temperature
(Putra et al 2012). The Aqua MODIS satellite has a polar sun-synchronous orbit. The
satellite crosses the equator at noon, approaching at 13.30 local time (Karif 26+42011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono
2014Waileruny—et—al—2014). The fishing season in Southeast Sulawesi waters can be
found in January to April and from July to September, and it can affect the salinity of the
habitat of the caught fish species. In the eastern monsoon (June to September), high
salinity water masses originating from the Flores Sea and Pacific Ocean flow through the
Makassar Strait to the Java Sea. In the western season (December to March) surface
currents move from the South China Sea into the Java Sea from west to east (Bubun &
Mahmud 2016). On this purpose, the multiple linear regression method was used to
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Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the
number of catches and the position of the fishing area, and by using secondary data
including the image of the distribution of chlorophyll-a, from the level 3 of the Aqua
MODIS, downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
Data were processed using the Seadas to get the chlorophyll value and the Surfer 13 to
get the distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyli-a in the JPEG image format.

The catch used includes the catch weight of K. pelamis during November 2017 to
March 2018, analyzed by calculating the weight per fishing trip, so that fluctuations in the
catch based on time (temporal) and fishing location (spatial) can be observed.

Multiple correlation analysis. The multiple correlation showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
below (Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is {—):(Sugiyono 2007):

R =J”'_):'.u+ ”;,:'.1:_2”'_)'.11”'_)'.1: Trixz
e 15102
Where:
Ry «x, - COrrelation of the variables X1 and Xz with the variable Y;

ryx; - correlation between X; and Y;
ryx, - correlation between X, and Y;
X%, - correlation between X, and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship
(Sugiono 2005), as follows:

Y=a+bX; +bXz
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X1 - variable sea surface temperature; Commented [A7]: Please clarify, why “certain”. Is it the total
X2 - Chlorophyll-a va riable; catch? Do you build a regression equation for each species? Then

Y - the maximum quantity of certain fish species caught]; why the results do not reflect this?
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a, b1, b2 - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression

statistical tests are used to test the significance of the relationship of more than two

variables through the regression coefficient. The multiple linear regression statistical tests

can be divided into two categories, namely:

1—ConeurrentTFest

1. Simultaneous Test

The test is carried out in multiple linear regression using the F test, which is a statistical

test for the regression coefficient that together affects Y, namely: Fhe—testconducted—in
it einee EF_agl SSSIORHSES che-Siuits SoUS EESEFF © ,5 E. statisticaltest FE ¢ 3,

Ramely:

_R*n—k-1)
k(1-R%)

Where:

n - number of subjectsfish caught;
k - number of independent variables.

Syi—surm-of squares-of-the-variable Y-

R2 - determinant coefficient [Formatted: Superscript

[Formatted: Font: Not Italic

1. Individual Test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:

'to = LIl [Commented [A9]: Please explain the symbols

Sp1

where t : the value of t-japle [Formatted: Subscript

[ Formatted: Justified

When the regression formula involves only two independent variables, the values of Spb1
and Sb2 are as follows:

Spr = |52 B
St = S Tm)- g

Spz = |2
£ ¢ (ExD)(E2)-(Exaxa)?
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Spi, = Standard Error of Estimator bk, k =1, 2 Formatted: Font: Not Bold

e = confounding error (values of other variables not included in the equation)
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Geographical information analysis. The Surfer 13 software was used to map the Formatted: Font: Not Bold

(temporal) and fishing location (spatial), with the aim of producing information about the Formatted: Font: Not Bold

relationship of these variables.

distribution of chlorophyll-a from November 2017 to March 2018, based on time %F”"‘a“ed: Font: Not Bold
[Formatted: Font: Not Bold
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Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.
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Figure 1. Purse seiner_(original).

Fish catch results. The fishing operation was carried out in seven trips, with 34 setting.
The total catch was 56,689 kg with an [average of 12,558.17 kg. The number of catches

{Commented [WU11]: Original photo? If not, please specify the
source.
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on the 2™ trip (6 setting) was the largest, with a total catch of 11,954 kg (an average of
1,992.33 kg per setting) or 21.1% of the total catch. Meanwhile, the 3" trip (2 setting)
recorded the smallest total catch, namely 5,522 kg or 9.7% of the total catch, but with
the highest average per setting, of 2,761 kg (Table 2).

Table 2
The number of fish catch per trip

averages (total per trip per number of operations); it has no
signification; the authors either calculate the average of the
averages or the overall total per total number or operations

Commented [A14R13]: here explains that the number of
fishing trips is 7 trips, (34 times setting). The total catch was 56,689
kg (average 12,558.17 kg).

Trip Number of settings Amount (Kg) Average (Kg) Percentage (%) [r- ted [A15]: Setting is universal language when the
1st 4 8,226 2’056'5 14.5 fishing gear is operated
2nd 6 11,954 1,992.33 21.1
3rd 2 5,522 2,761 9.7
4th 4 7,006 1,751.5 12.4
5t 6 9,607 1,601.16 17
6t 6 7,982 1,330.33 14.1
7t 6 6,392 1,065.33 11.2
Total 34 56,689 [1 2,558. 17} 100 Commented [A16]: Elementary mistake: this is the sum of the

Composition of catch. The catch data consists of seven trips with 34 settings. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7™ trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
the 6™ trip. The highest T. albacares catches were on the 2" trip- and the lowest was on
the 7™ trip, and the highest D. ruselli was on the 6™ trip and the lowest was on the 3™
trip. The composition of the catch can be seen in table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- T. albacares K. pelamis E. affinis D.ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6t 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392
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Based on the data mentioned above, the highest catch was on the second trip, as much
as 11,954 kg, consisting of 230 kg T. albacares, 5,676 kg K. pelamis, 4,430 kg E. affinis
and 1,618 kg D. ruselli. The lowest catch was on the 3™ trip, as much as 5,522 kg,
consisting of 90 kg T. albacares, 4,270 kg K. pelamis, 497 kg E. affinis and 665 kg D.
ruselli.

The highest catch of T. albacares was on the 7 trip, as much as 915 kg, while the
lowest was on the 5™ trip, with no catch. The highest catch of K. pelamis was on the 2™
trip, as much as 5,676 kg, while the lowest was on the 6™ trip, with 2,536 kg. The
highest E. affinis catch was on the 2™ trip, as much as 4,430 kg, and the lowest on the
7t trip, with no catch. The highest D. ruselli catch was on the 6% trip, as much as 4,763
kg, and the lowest was on the 3" trip, with 665 kg. Based on all catches, K. pelamis was
the most dominant fish caught compared to other fish. This can be seen in Figure 2
below.

Catch Composition

FENX]
B
= 400 m T atacans
k-3
£
& 2000 5. Redamy
ot | £ alirns
]
: £ ru ]
¥ 2. 3 4 85 & % e

Trig
Figure 2. Composition diagram of the catch.

Average K. pelamis per setting. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1% trip to the 7' trip was 27,238 kg. The
average highest catch of K. pelamis Operationper operation was recorded on the 3™ trip,
with 1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with
422.67 kg. The catch of the 1%t trip was 754-53,018 kg, the 2" trip was 946-5,676 kg,

(
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the 3™ trip was +;4954,270 kg, the 4t trip was 737-2,948 kg, the 5% trip was 744-54,467
kg, the 6" trip was 422,672,536 kg, the 7t trip was 720-54,323 kg, as shown in Figure
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Figure 3. Diagram of the average catch of K. pelamis.
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Chlorophyli-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).

data was processed using Seadas to produce chlorophyll-a data. Furthermore, the data is
processed using Surfer 13 into JPEG format images that display the distribution of
chlorophyll-a with different colors. The distribution of chlorophyll-a was taken based on
the time and position of the capture operation. The following JPG images represent the
chlorophyll-a distribution over the 7 fishing trips.
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[Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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Table 4
Chlorophyll-a Concentration Values
Chlorophyll-a Concentration Value (mg m3)
1st 2nd 3rd 4th Sth 6th Average
Setting Setting Setting Setting Setting Setting
Trip1 | 0.1308 0.1292 0.1273 0.1268 - - 0.1285
Trip2 | 0.1176 0.1176 0.1173 0.1266 0.1176 0.1266 0.1205
Trip3 | 0.1399 0.1342 - - - - 0.1370
Trip4 | 0.1046 0.1080 0.1077 0.1632 - - 0.1209
Trip5| 0.1314 0.1312 0.1312 0.1314 0.1313 0.1258 0.1303
Trip 6| 0.1208 0.1288 0.1287 0.1227 0.1281 0.1001 0.1215
Trip 7 | 0.0895 0.0903 0.0913 0.0880 0.0875 0.0894 0.0893

The distribution of the highest chlorophyll-a

concentrations

The distribution of the lowest chlorophyll-a

concentrations

The chlorophyll-a concentration value on the 7 trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more

fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7™ trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest
difference between the highest and lowest concentrations is 0.0477 img m-
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Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.
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Figure 6. Graph of chlorophyll-a relationship to K. pelamis.

Based on graph 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount Value of chlorophyll-a is 3,320, tcount > trable (3,320 > 2.77, respectively) and the sig
value of 0.029 (< 0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.
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The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Table 5
Model summary
Model R R Square Adjusted R Square | Std. Error of the Estimate
1 .8822 .779 .668 320.54745

a. Predictors: (Constant), Chlorophyll-a

Based on the results obtained in table 5 above the coefficient of determination (R2) =
0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch of K.
pelamis, so that the remaining 22.1% are influenced by other factors such as currents
and salinity. The correlation coefficient (R) in the model summary table above is 0.882.
Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

[ Formatted: Font: Italic

Table 6
LANOVA regression table J {r- ted [A23]: Details of the calculations are required in
the manuscript’s text.

Model Sum of Squares df Mean Square F Sig. {Commented [A24]: Please use the required format for the
1 Regression 1444657.089 2 722328.544| 7.030 .049b numbers

Residual 411002.672 4 102750.668

Total 1855659.760 6
a. Dependent Variable: K. pelamis
b. Predictors: (Constant), Chlorophyll-a, Sea Surface Temperature (SST)

A Frest was conducted to check the influence of chlorophyll-a together with the SST
(independent variables) on the catch of K. pelamis (dependent variable), demonstrating a
significant effect (in the ANOVA regression table, the significance level is 0.049 < 0.05 or
[Fo > Fubid). A previous research, conducted by Demena et al (2017), stated that sea

surface temperature and chlorophyll-a are two predictors of the presence of fish in the
waters, especially concerning K. pelamis.

Based on the output of SPSS 25 (the coefficients matrix)—and—en—the—manuat
cateulations—using—a—cemputer—deviee,—the multiple linear regression equation could be
expressed as follows:

Y = -21557.333 + 642.160 X1 + 33535.607 X3
The multiple linear regression equation above can be interpreted as follows:
1. [if the variables X1 (SST) and X2 (chlorophyll-a) have a value of 0, then the variable Y
is -21557.33 kg |(intercept).
2. if the variable Xi (SST) increases by 1°C and the other variables are constant, then=
the variable Y will increase by 642,160 kg.
3. if the X2 variable (chlorophyll-a) increases by 1 mg m=3 and the other variables are
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7constant, then the Y variable will increase by 33535,607 kg.|

[Distribution of chlorophyll-a against-with K. pelamis catch.
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Catched Fish, Base On Chlorophyll-a
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Figure 7. Catch based on chlorophyll-a.|
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In the figure above, the highest catch occurs at a concentration of 0.137 [mg m'3l. The

measure in the .jpg image

graph of the relationship between chlorophyll-a and the catch of K. pelamis, shows that
the concentration of chlorophyll-a and the catch of K. pelamis have a unidirectional
relationship. The results showed that the K. pelamis maximum fishing potential occurs for
an optimal chlorophyll-a concentration of 0.13 mg m=. This is in accordance with
previous research conducted by Jufri et al (2014) which states that the potential fishing
area for K. pelamis is closely related to the environmental parameters, especially to a
chlorophyll-a in the optimal range of 0.12-0.22 mg m-3.

Conclusions. [Based on the results and discussion that has been described, it can be

concluded as follows:

1. The value of the coefficient of determination (R2) is 0.168 or 16.8%. This shows that
the SST factor used can only explain the actual model by 16.8% so that the rest is
explained by other factors of 83.2%. Based on the t test, the SST value was 3.243,
the sig value was 0.032. For a value of 2.77. Based on the results obtained the value
> and sig value 0.032 <0.05. So, if Ho is accepted and rejected, then there is a
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significant effect between SST and K. pelamis catch.

2. The coefficient of determination (R2) is 0.196 or 19.6%. This shows that the
chlorophyll-a factor used can only explain the real model of 19.6%, so the rest is
explained by other factors of 80.4%. Based on the ttest, the tcount value of chlorophyll-a
was 3,320, the sig value was 0.029. A significant effect between chlorophyll-a and K.
pelamis was demonstrated For the twble value of 2.77. Based on the results, the value
of teount > trabie and sig value is 0.029 < 0.05. se-._So that obtained H, is accepted and

[Formatted: Font: Italic
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rejected, then there is a significant effect between SST and skipjack catch.

3-—The results obtained in the ANOVA table, the value of R2 = 0.779 or 77.9% is the
effect of chlorophyll on K. pelamis, so that the remaining 22.1% is another factor.
Based on the calculation of the Ftest using SPSS 25 and manually, the value of Fo =
7.030 and the value of Fiuable = 6.94 is obtained. The results obtained in the ANOVA
table sign value 0.049 <0.05 So it can be concluded that Ho is rejected and Hi is
accepted because the sign value is <0.05 or Fo = Frable, SO there is a significant effect
of chlorophyll-a on K. pelamis.|
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The effect of chlorophyll-a on the catches of
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Abstract. The Banda Sea is located in the waters of Central Maluku Regency, Maluku Province. The
topography of the seabed is very complex with a basin in the west and a trough in the east. The shape of
the topography is also decisive in controlling the exchange of water masses. The purpose of this study
was to analyze the relationship of chlorophyll-a and the effect of its distribution on the catch of skipjack
tuna (Katsuwonus pelamis). The study used the data analysis method, namely the multiple linear
regression (computerized data processing using the SPSS 25 program). Primary data was obtained by
following fishing operations and secondary data was collected from chlorophyll-a images downloaded
from the NASA database in the form of an average per trip. The results of the study showed that the
coefficient of determination (Rz) is 0.196 or 19.6%. This shows that the chlorophyll-a factor used can
only explain the actual model by 19.6%, so that the remaining 80.4% are explained by other factors
such as salinity and currents. The results of the t-test obtained a t_count chlorophyll-a value of 3.320,
sig value of 0.029 and t_table value of 2.77. Based on the value of t_count>t_table and the value of sig
0.029<0.05, there was a significant effect between chlorophyll-a and K. pelamis; the ANOVA table
showed the value of R2=0.779 or 77.9% the effect of chlorophyll on K. pelamis, so the remaining 22.1%
was influenced by other factors. Based on the results obtained, chlorophyll-a had a significant effect on
K. pelamis.

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.
The circulation of water mass in Indonesian waters differs between the west monsoon
and the east monsoon. In the west monsoon, water masses generally flow to the east of
Indonesian waters. The eastern monsoons develop perfectly, supplying water masses
originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin 1998).
The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m? (Zainuddin 2011; Hidayat et al 2019; Wangi et
al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic
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parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of 2500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continental shelf and sloping waters (Bubun et
al 2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009). One of the
sensing satellites equipped with sensors that can detect the chlorophyll-a content is the
Aqua MODIS satellite (Utari 2013). The variables measured by the Aqua satellite include
the aerosols, land-covering plants, phytoplankton and dissolved organic matter in the
oceans, as well as the air, land and water temperature (Putra et al 2012). The Aqua
MODIS satellite has a polar sun-synchronous orbit. The satellite crosses the equator at
noon, approaching at 13:30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). The
present research aimed to analyze how much influence chlorophyll-a had on the number
of K. pelamis, knowing the distribution of chlorophyll-a concentrations in the Banda Sea,
Maluku. In this way, fishermen can be more effective in determining the area and time of
catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the number
of catches and the position of the fishing area, and by using secondary data including the
image of the distribution of chlorophyll-a, from the level 3 of the Aqua MODIS,
downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov). Data were
processed using the Seadas to get the chlorophyll value and the Surfer 13 to get the
distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
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Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.
The catch used includes the catch weight of K. pelamis analyzed by calculating the weight
per fishing trip, so that fluctuations in the catch based on time (temporal) and fishing
location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
(Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is the following (Sugiono 2007):

R _ 1t Thwn= 2 yaaTyaen Teaxa
¥k 1111z
Where:
Ry xx, - COrrelation of the variables X1 and Xz with the variable Y;

ryxy - correlation between X; and Y;
ryx, - correlation between X, and Y;
X%, - correlation between X; and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship, as
follows (Sugiono 2005):

Y =a+byX; +baXz
Where:
X1 - variable sea surface temperature;
X2 - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, bz - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regressions using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

R*(n—k-1)
Fo ==———
TR
Where:
n - number of fish caught;
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k - number of independent variables;
R? - determination coefficient.
2. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:
_ b5
to o
Where:
bi - regression slope coefficient;
Bi - hypothesized slope;
Shi - standard deviation of slope.

Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyli-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips, with a total
catch of 56,689 kg and an average of 12,558.17 kg per 34 operations. The number of
catches on the 2™ trip (6 operations) was the largest, with a total catch of 11,954 kg (an
average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).

Table 2
The number of fish catch per trip

Trip _Number of operations Amount (kg) Average (kg) Percentage (%)

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6t 6 7,982 1,330.33 14.1

7th 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruseffirusselli. Based on the results
obtained, the highest T. albacares catches were on the 7% trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
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the 6™ trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7t trip, and the highest D. ruseffirusselli was on the 6% trip and the lowest was on
the 3™ trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
Total catch (Kg)
Trip to- . L. D. Total
T. albacares K. pelamis E. affinis ruseltirusselli
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6th 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7t trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6% trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7t trip, with no catch. The highest D. ruseffirusselli catch was on the 6
trip, as much as 4,763 kg, and the lowest was on the 3™ trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 1%t trip to the 7t" trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 15 trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3" trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6 trip was 2,536 kg,
the 7t trip was 4,323 kg (Figure 3).

The average catch of K. pelamis per setting
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Figure 3. Diagram of the average catch of Katsuwonus pelamis.
Chlorophyli-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
The chlorophyll-a concentration values can be seen in Table 4 below.

Table 4
Chlorophyll-a concentration values
Chlorophyli-a concentration value (mg m?)
Trip S 1st ond 3rd 4th gth 6th
. . . . . . Average
operation operation operation operation operation operation
Trip1 0.13082 0.1292 0.1273 0.1268° - 0.1285

Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3 0.1399°2 0.1342° - - - - 0.1370
Trip 4 0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.09132 0.0880 0.0875° 0.0894 0.0893

athe distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7™ trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7™ trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m-3.

Chiaraphyll-a Averages
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Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.
Based on Figure 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
teount Value of chlorophyll-a is 3,320, tcount>twpe (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Based on the results obtained in Table 5, the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 0.8822 0.779 0.668 320.54745
2Predictors: (Constant), Chlorophyll-a.

The hypothesis test used is the F test, carried out to test the effect of SST and
chlorophyll-a on K. pelamis catches which will determine whether the results of the
hypothesis are accepted or rejected. Hypothesis testing used SPSS 25 and manually
obtained the value of Fo=7.030 and value=6.94 (Table 6). The results obtained in the
ANOVA table have a sign value of 0.049<0.05. If Ho is rejected and H: is accepted, it
means that there is a significant effect between SST and chlorophyll-a on K. pelamis
catches, this is in accordance with the research conducted by Demena et al (2017) which
stated that SST and chlorophyll-a are two indicators that greatly affect the presence of
fish in the waters, especially K. pelamis.

Table 6
ANOVA regression table
Model Sum of squares df Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 0.049°
Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6
AACL Bioflux, 2022, Volume 15, Issue x. 8
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b Predictors: Constant, Chlorophyll-a, Sea Surface Temperature (SST).

Relationship of average SST to K. pelamis. SST can be used as an indicator to
determine the presence of a fish species in waters. Each fish species has a certain
temperature tolerance value so that it affects the presence and distribution of fish in the
waters. To see the relationship between SST and the presence of K. pelamis, the catch
data (in-situ) and SST data on the position and time of catching (ex-situ) were taken
with SPSS 25 using a computer device. The relationship of SST to the catch of K. pelamis
was calculated using the multiple correlation test, as an estimator (Figure 7).
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Figure 7. Graph of the relationship between SST and Katsuwonus pelamis.

Based on the graph above, the coefficient of determination (Rz2) is 0.168 or 16.8%. This
shows that the SST factor used can only explain the actual model by 16.8% so that the
rest is explained by other factors of 83.2%.

The assessment of the value of the correlation coefficient using SPSS 25 can be
seen in Table 7. The correlation coefficient value obtained is 0.410, which means that the
positive relationship between SST and the catch of K. pelamis is moderate, because the
correlation value is in the correlation interval of 0.40-0.599.

Table 7
Correlations
Correlations
Model K. pelamis SST Chlorophyl-a
Pearson K. pelamis 1.000 0.410 0.443
correlation SST 0.410 1.000 -0.532
Chlorophyl-a 0.443 -0.532 1.000
K. pelamis 0 0.180 0.160
Sig. (1-tailed) SST 0.180 0 0.109
Chlorophyl-a 0.160 0.109 0
K. pelamis 7 7 7
N SST 7 7 7
Chlorophyl-a 7 7 7

Based on Table 8, the results obtained the tcount>ttanle and sig value 0.032<0.05, it was
found that Ho was rejected and Hi accepted, there was a significant effect between SST
and the catch of K. pelamis. A previous research conducted by Fajrianti (2016) stated
that SST had a significant effect on the catch.

Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:

Y = -21,557.333 + 642.160 X1 + 33,535.607 X2
The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg (intercept).
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- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.

- if the X2 variable (chlorophyll-a) increases by 1 mg m3 and the other variables are
constant, then the Y variable will increase by 33,535.607 kg.

Table 8
Coefficients
Coefficients®
Unstandardized Standardized
Model coefficients coefficients T Sig.
B Std. error Beta
(Constant) -21,557.333 6,416.374 -3.360 0.028
1 SST 642.160 198.028 0.902 3.243 0.032
Chlorophyl-a 33,535.607 10,100.263 0.923 3.320 0.029

Distribution of chlorophyll-a with K. pelamis catch. The graph of the relationship
between chlorophyll-a and the catch of K. pelamis shows that the concentration of
chlorophyll-a and the catch of K. pelamis have a unidirectional relationship (Figure 8).
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Figure 8. Catch based on chlorophyli-a.

In the figure above, the highest catch occurs at a concentration of 0.137 mg m3. The
results showed that the K. pelamis maximum fishing potential occurs at an optimal
chlorophyll-a concentration of 0.13 mg m™3. This is in accordance with previous research
conducted by Jufri et al (2014) which states that the potential fishing area for K. pelamis
is closely related to the environmental parameters, especially to a chlorophyll-a in the
optimal range of 0.12-0.22 mg m-3.

Conclusions. From the results of the research, it can be concluded that the main catches
were T. albacares, K. pelamis, E. affinis and D. ruse#irusselli, K. pelamis being the most
caught type of fish. The relationship between the sea surface temperature and K. pelamis
catches was obtained in the form of a coefficient of determination (R2) of 0.168 or
16.8%. This shows that the SST factor used can only explain the actual model by 16.8%
so that the rest is explained by other factors of 83.2%. There was a positive relationship
between chlorophyll-a and K. pelamis catches, meaning that if the chlorophyll-a is higher,
it will increase the catch, and vice versa if chlorophyll-a is lower, it will decrease the
catch of K. pelamis. The results of the study concluded that the potential area for K.
pelamis catching based on the optimum sea surface temperature was around 29°C and
the optimum concentration for chlorophyll-a was around 0.13 mg m™.
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Abstract. The Banda Sea is located in the waters of Central Maluku Regency, Maluku Province. The
topography of the seabed is very complex with a basin in the west and a trough in the east. The shape of
the topography is also decisive in controlling the exchange of water masses. The purpose of this study
was to analyze the relationship of chlorophyll-a and the effect of its distribution on the catch of skipjack
tuna (Katsuwonus pelamis). The study used the data analysis method, namely the multiple linear
regression (computerized data processing using the SPSS 25 program). Primary data was obtained by
following fishing operations and secondary data was collected from chlorophyll-a images downloaded
from the NASA database in the form of an average per trip. The results of the study showed that the
coefficient of determination (R2) is 0.196 or 19.6%. This shows that the chlorophyll-a factor used can
only explain the actual model by 19.6%, so that the remaining 80.4% are explained by other factors
such as salinity and currents. The results of the t-test obtained a t_count chlorophyll-a value of 3.320,
sig value of 0.029 and t_table value of 2.77. Based on the value of t_count>t_table and the value of sig
0.029<0.05, there was a significant effect between chlorophyll-a and K. pelamis; the ANOVA table
showed the value of R2=0.779 or 77.9% the effect of chlorophyll on K. pelamis, so the remaining 22.1%
was influenced by other factors. Based on the results obtained, chlorophyll-a had a significant effect on
K. pelamis.

Key Words: purse seine, remote sensing, sea surface temperature (SST), catch season.

Introduction. The Banda Sea owes its abundance to a high nutrient load. The
distribution of these nutrients can be seen by the upwelling phenomenon in the Banda
Sea (Putra et al 2017). The topography of the seabed is very complex, with a basin in the
west and a trough in the east (Suyarso 1999; Tapilatu 2016). This complex topographical
shape also determines the mass exchange of water. The circulation of different water
massesvaries between seasons and is influenced by the monsoon system’s wind pattern.
The circulation of water mass in Indonesian waters differs between the west monsoon
and the east monsoon. In the west monsoon, water masses generally flow to the east of
Indonesian waters. The eastern monsoons develop perfectly, supplying water masses
originating from the upwelling areas in the Arafura and Banda Seas (Hasanudin 1998).
The upwelling process that occurs in the Banda Sea results in a decrease of
temperatures, an increase of salinity and the removal of nutrients, so that their
availability will affect the abundance of plankton in the waters (Baars et al 1990; Armus
et al 2019).

The potential area for catching skipjack tuna (Katsuwonus pelamis) has a close
relationship with the environmental parameters, especially the chlorophyll-a, whose
optimum ranges from 0.12 to 0.22 mg m3 (Zainuddin 2011; Hidayat et al 2019; Wangi et
al 2019). Almost all fish populations that live in marine waters, including K. pelamis,
require optimal sea surface temperature (SST) range and chlorophyll-a values for their
survival (Jufri et al 2014). Remote sensing technology helps observing the oceanographic

AACL Bioflux, 2022, Volume 15, Issue x. 1
http://www.bioflux.com.ro/aacl



parameters of the surrounding waters in the Banda Sea, so that it can determine the
effect of chlorophyll-a on the catch of K. pelamis in the Banda Sea.

K. pelamis likes areas where there is a convergence of currents that mostly occur
in areas with many islands. The vertical distribution of K. pelamis starts from the surface
to a depth of 260 m during the day, while at night it will go to the surface (diurnal
migration) (Ekayana et al 2017). K. pelamis specimens from the small size category tend
to be caught at a more homogeneous (warm) SST, while large K. pelamis are caught in a
wider range of SST (cold and warm) (Simbolon & Limbong 2012). K. pelamis congregate
at low chlorophyll-a concentrations and water depths of =500 m, because K. pelamis is a
carnivorous fish with the main prey of small pelagic fish such as Stelophorus sp. and
Sardinella sp., which are abundant in the continental shelf and sloping waters (Bubun et
al 2015).

Remote sensing technology is an alternative method that is very beneficial if it is
used in a country with a very large area such as Indonesia (Syah 2010). Remote sensing
is a technique for collecting information about objects and their environment from a
distance without physical touch (Lo 1986). The use of remote sensing methods to detect
oceanographic parameters including sea surface temperature (SST), salinity, chlorophyll-
a index, currents and other oceanographic conditions is a very appropriate alternative
(Tangke 2016; Mashita & Lumban-Gaol 2019). Remote sensing technology has several
advantages including cheap and easily accessible data prices, wide area coverage, high
temporal resolution and digitalized data supply, making it a potential source for the
geographic information system (GIS) data (Louhenapessy & Waas 2009). One of the
sensing satellites equipped with sensors that can detect the chlorophyll-a content is the
Aqua MODIS satellite (Utari 2013). The variables measured by the Aqua satellite include
the aerosols, land-covering plants, phytoplankton and dissolved organic matter in the
oceans, as well as the air, land and water temperature (Putra et al 2012). The Aqua
MODIS satellite has a polar sun-synchronous orbit. The satellite crosses the equator at
noon, approaching at 13:30 local time (Karif 2011).

Changes in fishing actually occur when the seasons’ change. Seasonal changes
directly affect the oceanographic aspects of the waters, especially sea surface
temperature and chlorophyll-a, which greatly influence the presence of fish in an area,
determining the fishing grounds in that area. Both of these parameters can trigger
natural events or phenomena such as upwelling and fronts (Waileruny & Wiyono 2014).
The fishing season in Southeast Sulawesi waters can be found in January to April and
from July to September, and it can affect the salinity of the habitat of the caught fish
species. In the eastern monsoon (June to September), high salinity water masses
originating from the Flores Sea and Pacific Ocean flow through the Makassar Strait to the
Java Sea. In the western season (December to March) surface currents move from the
South China Sea into the Java Sea from west to east (Bubun & Mahmud 2016). The
present research aimed to analyze how much influence chlorophyll-a had on the number
of K. pelamis, knowing the distribution of chlorophyll-a concentrations in the Banda Sea,
Maluku. In this way, fishermen can be more effective in determining the area and time of
catch.

Material and Method. The tools and materials needed in the implementation of this
research include: stationery, cameras, rulers, GPS, MODIS data and the softwares
SeaDas, SPSS Statistics 25 and Surfer 13.0.

Method of collecting data. The data collection method uses primary data, carried out
in situ by direct observation of the fishing operation including operating time, the number
of catches and the position of the fishing area, and by using secondary data including the
image of the distribution of chlorophyll-a, from the level 3 of the Aqua MODIS,
downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov). Data were
processed using the Seadas to get the chlorophyll value and the Surfer 13 to get the
distribution of chlorophyll-a in the form of images.

The chlorophyll-a image data chosen to be processed is a standard 8-day image
with a 4 km resolution map of level 3, at night, from November 2017 to March 2018.
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Chlorophyll-a data was calculated using chlorophyll-a image data that has been adjusted
with both atmospheric and geometrical corrections. Seadas produced the chlorophyll-a
distribution data which was reprocessed using a computer device, then using the Surfer
13, which will produced the distribution data of chlorophyll-a in the JPEG image format.
The catch used includes the catch weight of K. pelamis analyzed by calculating the weight
per fishing trip, so that fluctuations in the catch based on time (temporal) and fishing
location (spatial) can be observed.

Multiple correlation analysis. The multiple correlations showed the direction and
strength of the relationship between the studied variables. To be able to provide an
interpretation of the correlation coefficients found, reference values are listed in Table 1
(Sugiono 2007).

Table 1
Assessment of the correlation coefficient (Sugiono 2007)

Coefficient interval Relationship level
0.00-0.199 Very low
0.20-0.399 Low
0.40-0.599 Moderate
0.60-0.799 Strong
0.80-1.00 Very strong

The double correlation formula for two variables is the following (Sugiono 2007):

R = r_)?'xl"' r_)?'xﬂ_zr_)'xl Tyx2 Txix2
¥-Xa¥z l_r:xi x2
Where:
Ry« x, - COrrelation of the variables Xi and Xz with the variable Y;

ryx; - correlation between X; and Y;
Tyx, - correlation between X, and Y;
X%, - correlation between X; and X,.

Multiple linear regression analysis. When the correlation coefficient is sufficiently
high, a multiple linear regression was used to examine the variables relationship, as
follows (Sugiono 2005):

Y=a+biX;+bX;
Where:
Xi - variable sea surface temperature;
X2 - chlorophyll-a variable;
Y - the maximum quantity of certain fish species caught;
a, b1, b2 - constants.

Multiple linear statistical test. According to Hasan (2004), multiple linear regression
statistical tests are used to test the significance of the relationship of more than two
variables through the regression coefficient. The multiple linear regression statistical tests
can be divided into two categories, namely:

1. Concurrent test

The test is carried out in multiple linear regressions using the F test, a statistical test for
the regression coefficient that together affects Y, namely:

Fo =R:(n—k:lj
k(1-R%
Where:

n - number of fish caught;

AACL Bioflux, 2022, Volume 15, Issue x. 3
http://www.bioflux.com.ro/aacl



k - number of independent variables;
R? - determination coefficient.
2. Individual test
Individual test, namely the regression statistic with only one regression coefficient
affecting Y, using the ttest:
to = a5

Sp1
Where:
b1 - regression slope coefficient;
Bi - hypothesized slope;
Ski - standard deviation of slope.

Geographical information analysis. The Surfer 13 software was used to map the
distribution of chlorophyll-a from November 2017 to March 2018, based on time
(temporal) and fishing location (spatial), with the aim of producing information about the
relationship of these variables.

Results and Discussion

This research was conducted from November 2017 to May 2018 by following a fishing
operation using a purse seiner in the Banda Sea, Maluku Indonesia.

Figure 1. Purse seiner (original photo).

Fish catch results. The fishing operation was carried out in seven trips, with a total
catch of 56,689 kg and an average of 12,558.17 kg per 34 operations. The number of
catches on the 2™ trip (6 operations) was the largest, with a total catch of 11,954 kg (an
average of 1,992.33 kg per operation) or 21.1% of the total catch. Meanwhile, the 3™
trip (2 operations) recorded the smallest total catch, namely 5,522 kg or 9.7% of the
total catch, but with the highest average per operation, of 2,761 kg (Table 2).

Table 2
The number of fish catch per trip

Trip  Number of operations Amount (kg) Average (kg) Percentage (%)

1st 4 8,226 2,056.5 14.5

2nd 6 11,954 1,992.33 21.1

3rd 2 5,522 2,761 9.7

4th 4 7,006 1,751.5 12.4

5th 6 9,607 1,601.16 17

6t 6 7,982 1,330.33 14.1

7t 6 6,392 1,065.33 11.2
Total 34 56,689 12,558.17 100

Catch composition. The catch data consists of seven trips with 34 operations. The main
catches are K. pelamis, T. albacares, E. affinis and D. ruselli. Based on the results
obtained, the highest T. albacares catches were on the 7t trip and the lowest was on the
5% trip. K. pelamis catches reached the highest value on the 2™ trip and the lowest on
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the 6% trip. The highest T. albacares catches were on the 2" trip and the lowest was on
the 7% trip, and the highest D. ruselli was on the 6% trip and the lowest was on the 3™
trip. The composition of the catch can be seen in Table 3 below.

Table 3
The composition of the catch based on the type of fish
. Total catch (Kg)

Trip to- = Ibacares K. pelamis E. affinis D. ruselli Total
1st 825 3,018 2,590 1,793 8,226
2nd 230 5,676 4,430 1,618 11,954
3rd 90 4,270 497 665 5,522
4th 569 2,948 1,817 1,672 7,006
5th 0 4,467 4,290 850 9,607
6t 13 2,536 670 4,763 7,982
7t 915 4,323 0 1,154 6,392

Based on the data mentioned above, the highest catch was on the second trip, and the
lowest catch was on the 3™ trip. The highest catch of T. albacares was on the 7% trip, as
much as 915 kg, while the lowest was on the 5% trip, with no catch. The highest catch of
K. pelamis was on the 2" trip, as much as 5,676 kg, while the lowest was on the 6™ trip,
with 2,536 kg. The highest E. affinis catch was on the 2" trip, as much as 4,430 kg, and
the lowest on the 7% trip, with no catch. The highest D. ruselli catch was on the 6 trip,
as much as 4,763 kg, and the lowest was on the 3™ trip, with 665 kg. Based on all
catches, K. pelamis was the most dominant fish caught compared to other fish (Figure 2).

Catch Composition
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Figure 2. Composition diagram of the catch.

Average K. pelamis per operation. The catch of K. pelamis is higher than that of other
types. The total catch of K. pelamis from the 15t trip to the 7% trip was 27,238 kg. The
average highest catch per operation of K. pelamis was recorded on the 3™ trip, with
1,495 kg, while the lowest catch per operation was recorded on the 6% trip, with 422.67
kg. The catch of the 1t trip was 3,018 kg, the 2™ trip was 5,676 kg, the 3™ trip was
4,270 kg, the 4% trip was 2,948 kg, the 5% trip was 4,467 kg, the 6% trip was 2,536 kg,
the 7% trip was 4,323 kg (Figure 3).

The average catch of K. pelamiz per setting
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Figure 3. Diagram of the average catch of Katsuwonus pelamis.
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Chlorophyli-a. Because fertile waters contain high chlorophyll-a concentrations, the
chlorophyll-a is eligible as an indicator of fertility in waters. The chlorophyll-a
concentration is also influenced by other factors such as currents. Chlorophyll-a image
data were downloaded from the NASA database (http://www.oceancolor.gsfc.nasa.gov).
The research data was processed using Seadas to produce chlorophyll-a data.
Furthermore, the data was processed using Surfer 13 into JPEG format images that
display the distribution of chlorophyll-a with different colors. The distribution of
chlorophyll-a was taken based on the time and position of the capture operation. Figure 4
shows the chlorophyll-a distribution over the 7 fishing trips.
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Figure 4. Distribution of chlorophyll-a over the 7 fishing trips.
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The chlorophyll-a concentration values can be seen in Table 4 below.

Table 4
Chlorophyll-a concentration values
Chlorophyll-a concentration value (mg m3)
Tri DS 15t ond 3rd 4th gth 6th
. , . , , . Average
operation operation operation operation operation operation
Trip1l 0.13082 0.1292 0.1273 0.1268° - 0.1285

Trip2 0.1176 0.1176 0.1173° 0.1266 0.1176 0.1266° 0.1205
Trip3 0.1399° 0.1342° - - - - 0.1370
Trip 4 0.1046° 0.1080 0.1077 0.1632° - - 0.1209
Trip5 0.1314 0.1312 0.1312 0.1314° 0.1313 0.1258° 0.1303
Trip6 0.1208 0.1288° 0.1287 0.1227 0.1281 0.1001° 0.1215
Trip 7 0.0895 0.0903 0.0913° 0.0880 0.0875° 0.0894 0.0893

2 the distribution of the highest chlorophyll-a concentrations; ° the distribution of the lowest chlorophyll-a
concentrations.

The chlorophyll-a concentration value on the 7% trip decreased significantly, compared to
the other trips. The higher the chlorophyll-a concentration value in the waters, the more
fertile the waters.

Average chlorophyll-a. The average chlorophyll-a can be seen in Figure 5, where the
concentration of the 7% trip decreased, compared to the other trips. The average
chlorophyll-a concentration was the highest on trip 3 and the lowest on trip 7. The
difference between the highest and lowest concentrations is 0.0477 mg m™3.

Chiorophyll-a Average

Chileraphidt-a (g )

Figure 5. Diagram of average chlorophyll-a for 7 trips.

The relationship between average chlorophyll-a against K. pelamis. The
relationship of chlorophyll-a to the catch of K. pelamis was calculated using a multiple
correlation test. The multiple correlation estimator for the level of chlorophyll-a
relationship to K. pelamis catch was determined by using SPSS 25.
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Figure 6. Graph of chlorophyll-a relationship to Katsuwonus pelamis.
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Based on Figure 6 above, the coefficient of determination (R?) is 0.196 or 19.6%. This
shows that the chlorophyll-a factor used can only explain the actual model by 19.6%, so
that the remaining 80.4% are explained by other factors such as salinity and currents.

The value of the correlation coefficient using SPSS 25 can be seen in table 4. The
correlation coefficient value was obtained at 0.443, which means that the positive
relationship between chlorophyll-a and the catch of K. pelamis is moderate, because the
correlation coefficient value is in the correlation interval 0.40-0.599. This relationship is
positive: if the value of one variable is increased, it will increase the value of the other
variables and vice versa (Sugiono 2007), while if the chlorophyll-a decreases, it will
decrease the catch of K. pelamis.

Hypothesis testing via the t test is used to determine whether the hypothesis is
accepted or rejected, based on the coefficients table (Table 7). Based on this table, the
tecount Value of chlorophyll-a is 3,320, tcount>ttane (3,320>2.77, respectively) and the sig
value of 0.029 (<0.05), therefore the null hypothesis is rejected, due to the significant
effect of chlorophyll-a on the catch of K. pelamis, in accordance with a previous research
conducted by Demena et al (2017), which states that chlorophyll-a and the number of
catches K. pelamis have a unidirectional relationship and the chlorophyll-a concentration
affects the presence of K. pelamis.

The effect of chlorophyll-a on the catch of K. pelamis. Chlorophyll-a is an indicator
that greatly influences the presence of fish in the waters, especially K. pelamis, a
migratory species. The effect of chlorophyll-a on the catch of K. pelamis is calculated
using the multiple linear regression, with the SPSS 25, and manual calculations were
performed using a computer device.

Based on the results obtained in Table 5, the coefficient of determination
(R2)=0.779 or 77.9%. This shows an influence of 77.9% of the chlorophyll-a on the catch
of K. pelamis, so that the remaining 22.1% are influenced by other factors such as
currents and salinity. The correlation coefficient (R) in the model summary table above is
0.882. Based on table 5, the relationship level, given by the correlation coefficient (R), is
included in the interval at 0.80-1.00, which means that the level of chlorophyll-a
relationship to the catch of K. pelamis is very strong.

Table 5
Model summary

Model R R square Adjusted R square  Std. error of the estimate
1 0.882° 0.779 0.668 320.54745
@Predictors: (Constant), Chlorophyll-a.

The hypothesis test used is the F test, carried out to test the effect of SST and
chlorophyll-a on K. pelamis catches which will determine whether the results of the
hypothesis are accepted or rejected. Hypothesis testing used SPSS 25 and manually
obtained the value of Fo=7.030 and value=6.94 (Table 6). The results obtained in the
ANOVA table have a sign value of 0.049<0.05. If Ho is rejected and Hi is accepted, it
means that there is a significant effect between SST and chlorophyll-a on K. pelamis
catches, this is in accordance with the research conducted by Demena et al (2017) which
stated that SST and chlorophyll-a are two indicators that greatly affect the presence of
fish in the waters, especially K. pelamis.

Table 6
ANOVA regression table
Model Sum of squares dr Mean square F Sig.
Regression 1,444,657.089 2 722,328.544 7.030 0.049P
Residual 411,002.672 4 102,750.668
Total 1,855,659.760 6

b Predictors: Constant, Chlorophyll-a, Sea Surface Temperature (SST).
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Relationship of average SST to K. pelamis. SST can be used as an indicator to
determine the presence of a fish species in waters. Each fish species has a certain
temperature tolerance value so that it affects the presence and distribution of fish in the
waters. To see the relationship between SST and the presence of K. pelamis, the catch
data (in-situ) and SST data on the position and time of catching (ex-situ) were taken
with SPSS 25 using a computer device. The relationship of SST to the catch of K. pelamis
was calculated using the multiple correlation test, as an estimator (Figure 7).

THE RELATIONSHIP BETWEEN 55T AND &, pelamis CATCHES
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Figure 7. Graph of the relationship between SST and Katsuwonus pelamis.

Based on the graph above, the coefficient of determination (R2) is 0.168 or 16.8%. This
shows that the SST factor used can only explain the actual model by 16.8% so that the
rest is explained by other factors of 83.2%.

The assessment of the value of the correlation coefficient using SPSS 25 can be
seen in Table 7. The correlation coefficient value obtained is 0.410, which means that the
positive relationship between SST and the catch of K. pelamis is moderate, because the
correlation value is in the correlation interval of 0.40-0.599.

Table 7
Correlations
Correlations
Model K. pelamis SST Chlorophyl-a
Pearson K. pelamis 1.000 0.410 0.443
correlation SST 0.410 1.000 -0.532
Chlorophyl-a 0.443 -0.532 1.000
K. pelamis 0 0.180 0.160
Sig. (1-tailed) SST 0.180 0 0.109
Chlorophyl-a 0.160 0.109 0
K. pelamis 7 7 7
N SST 7 7 7
Chlorophyl-a 7 7 7

Based on Table 8, the results obtained the tcount>ttavle and sig value 0.032<0.05, it was
found that Ho, was rejected and H: accepted, there was a significant effect between SST
and the catch of K. pelamis. A previous research conducted by Fajrianti (2016) stated
that SST had a significant effect on the catch.
Based on the output of SPSS 25 (the coefficients matrix), the multiple linear
regression equation could be expressed as follows:
Y =-21,557.333 + 642.160 X1 + 33,535.607 X2
The multiple linear regression equation above can be interpreted as follows:
- if the variables X1 (SST) and Xz (chlorophyll-a) have a value of 0, then the
variable Y is -21,557.33 kg (intercept).
- if the variable X1 (SST) increases by 1°C and the other variables are constant,
then the variable Y will increase by 642,160 kg.
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- if the Xz variable (chlorophyll-a) increases by 1 mg m=3 and the other variables are
constant, then the Y variable will increase by 33,535.607 kg.

Table 8
Coefficients
Coefficients?
Unstandardized Standardized
Model coefficients coefficients T Sig.
B Std. error Beta
(Constant) -21,557.333 6,416.374 -3.360 0.028
1 SST 642.160 198.028 0.902 3.243 0.032
Chlorophyl-a 33,535.607 10,100.263 0.923 3.320 0.029

Distribution of chlorophyll-a with K. pelamis catch. The graph of the relationship
between chlorophyll-a and the catch of K. pelamis shows that the concentration of
chlorophyll-a and the catch of K. pelamis have a unidirectional relationship (Figure 8).

Catched Fish, Based on Chlorophyli-a
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Figure 8. Catch based on chlorophyll-a.

In the figure above, the highest catch occurs at a concentration of 0.137 mg m=3. The
results showed that the K. pelamis maximum fishing potential occurs at an optimal
chlorophyll-a concentration of 0.13 mg m=3. This is in accordance with previous research
conducted by Jufri et al (2014) which states that the potential fishing area for K. pelamis
is closely related to the environmental parameters, especially to a chlorophyll-a in the
optimal range of 0.12-0.22 mg m3.

Conclusions. From the results of the research, it can be concluded that the main catches
were T. albacares, K. pelamis, E. affinis and D. ruselli, K. pelamis being the most caught
type of fish. The relationship between the sea surface temperature and K. pelamis
catches was obtained in the form of a coefficient of determination (R2) of 0.168 or
16.8%. This shows that the SST factor used can only explain the actual model by 16.8%
so that the rest is explained by other factors of 83.2%. There was a positive relationship
between chlorophyll-a and K. pelamis catches, meaning that if the chlorophyll-a is higher,
it will increase the catch, and vice versa if chlorophyll-a is lower, it will decrease the
catch of K. pelamis. The results of the study concluded that the potential area for K.
pelamis catching based on the optimum sea surface temperature was around 29°C and
the optimum concentration for chlorophyll-a was around 0.13 mg m=.
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