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Abstract: Temporal determination of fishing areas can be predicted by utilizing remote sensing and GIS
technology, which is both new and growing, one of which is by analyzing the distribution of chlorophyll-a
concentrations in time series. Based on this, this research was carried out from May to August 2024 in Ternate Island
waters with the aim of examining the distribution of chlorophyll-a concentration and its influence and relationship
with the catch of yellowfin tuna, which is the leading commaodity in the export sector of capture fisheries in Ternate
City. This study was conducted using an experimental fishing method with data collected in the form of fish catch
data and satellite images of chlorophyll-a concentration distribution based on catch position plots. The data analysis
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began with GIS analysis to extract and map the temporal distribution of chlorophyll-a concentration in the study area
followed by analysis of catch composition. Furthermore, statistical analysis was conducted to determine the
relationship between chlorophyll-a concentration and the number of yellowfin tuna caught. The results showed that
the value of chlorophyll-a concentration in Ternate Island waters fluctuated from May to August 2023, with a
minimum value of 0.21-0.56 mg m-3 maximum 0.33 mg m-3 and an average of 0.34 mg m3. Furthermore, the results
of the regression analysis showed that chlorophyll-a concentration significantly influenced the catch of yellowfin tuna
with the value of Feoun. = 82.834 and Sig. = 0.00, with the coefficient of determination (R?) being 0.58, and the results
of GAM analysis finding that the relationship between the two variables is very very real (P < 0.0001), which is
reinforced by the results of correlation analysis with an r value of 0.762, which indicates that the correlation between
the two variables is strong and positive, with a cross-correlation value indicating the presence and increased
production of yellowfin tuna in Ternate Island waters significantly is on trip 13.

Keywords: Yellowfin tuna (YFT), chlorophyll-a, general additive model (GAM), geographic information
system (GIS), Ternate Island.
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migration, to find an environment that suits
physiological capabilities and areas rich in food [4, 5],

1. Introduction
The potential of capture fisheries in Ternate Island

waters is quite large due to its geographical location in
the Maluku Sea and WPP714 with variability in
oceanographic parameters that are directly influenced by
the movement of water masses in the form of the
Indonesian Throughflow (Arlindo) from the Pacific
Ocean, which enters through the Maluku Sea to the
western Banda Sea and then to the Indian Ocean [1]. The
presence of these water masses is thought to provide
seasonal variation in fishing patterns. Madidihang fish,
also known as yellowfin tuna, is one of the economically
important leading export commodity capture fisheries
resources from Ternate Island [2]. According to [3],
yellowfin tuna is a type of pelagic fish that likes i and
often associates with floating objects in the water. The
distribution of yellowfin tuna resources in forming
fishing grounds by conducting horizontal and vertical

fishing grounds are water areas where fishing gear is
operated to exploit fish resources, and their distribution
is influenced by various factors, one of which is aquatic
oceanographic factors.

The presence of tuna can be assessed using
oceanographic parameters, including sea surface
temperature, chlorophyll a concentration, and upwelling
[6, 7]. According to [8], oceanographic factors play an
important role in determining fishing grounds because
changes in oceanographic parameter conditions can
affect movement patterns as fish tend to look for water
conditions that suit their living environment. Fishing
season patterns and pelagic fish abundance are
influenced by oceanographic dynamics, including
chlorophyll-a  concentration and sea  surface
temperature, where information on fishing season
patterns and their relationship to oceanographic
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parameters can help fishermen improve fishing
efficiency [9]. The suitability of the aquatic environment
that can affect the presence of fish resources includes sea
surface temperature, salinity, and chlorophyll-a
concentration, whose presence affects  water
productivity and is measured by the phytoplankton
content [10]. Chlorophyll-a is a photosynthetic pigment
in phytoplankton and is a microscopic one-cell organism
that lives in water; its abundance indicates the level of
water fertility [11]. Furthermore, according to [12],
chlorophyll-a concentration is also used as information
to assess fish resources because there is a relationship
between primary productivity and fishery resources, so
areas that have high chlorophyll-a concentrations have
high concentrations of fish as well.

Along with the advancement of science and
technology, the distribution of chlorophyll-a
concentrations is currently detected using the Terra and
Aqua satellites with Moderate Resolution Imaging
Spectroradiometer (MODIS) sensors. The chlorophyll-a
concentration distribution can be obtained from time
series data and used to determine yellowfin tuna fishing
areas using remote sensing technology. The use of
sensing technology through Aqua-MODIS satellite
imagery to determine chlorophyll-a concentrations can
provide significant results for determining potential
yellowfin tuna fishing areas [ [13, 14]. It is possible to
predict fish catch zones based on chlorophyll-a
distribution in North and West Aceh waters using remote
sensing data in the form of Aqua Modis satellite images

with a high level of accuracy [15]. Based on these
findings, the research was conducted with the aim of
assessing  the  distribution of  chlorophyll-a
concentrations and their effects on yellowfin tuna
productivity in Ternate Island waters.

2. Materials and Methods

This research is a type of experimental fishing
research conducted in the waters of Ternate Island
(Figure 1) from May to August 2024, with research
equipment and materials consisting of 4 units of vessels
and hand line tuna fishing gear, Global Positioning
System (GPS), a fish finder, a compass, and scales. The
research materials consisted of yellowfin tuna catches
that were weighed, ice for cooling, digital maps of
Ternate Island from the National Coordination and
Mapping Agency (Bakosurtanal) and Aqua MODIS
level 2 satellite images.

The process of collecting research data was carried
out directly by participating in fishing activities with
fishermen, and the data collected were plots of fishing
positions, yellowfin tuna catch weight, and chlorophyll-
a concentration data in situ. Subsequently, the satellite
image data from May to August of 2024 was
downloaded from the WEB page
https://oceancolor.gsfc.nasa.gov/. The data were then
processed to achieve the research objectives, as shown
in the flow chart (Figure 2).
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Figure 1. Research location: Ternate Island Waters, North Maluku Province, Indonesia (Source: Author
elaboration, 2024)
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Figure 2. Data processing procedure (Source: Author elaboration, 2024)

The research data processed in this study consisted of
in situ data, namely the weight of fish catches, plots of
the fishing positions, and chlorophyll-a concentration
values extracted from the Aqua MODIS level 2 images.
The data were then analyzed to achieve the research
objectives with statistical analysis in the form of
regression analysis, correlation analysis, GAM analysis,
and cross-correlation analysis conducted with IBM
SPSS Statistics 20 and RStudio, while to map the
distribution of chlorophyll-a concentrations in Ternate
Island waters, the data were processed using SURFER
13 software. Data analysis began with the extraction of
satellite images using SeaDAS 4.7 software and then
GIS analysis with SURFER 13 software to map and
graph the spatial and temporal distribution of
chlorophyll-a concentration and yellowfin tuna catch
from May to August 2024. The next step evaluates the
condition of the distribution of chlorophyll-a
concentration values and fish catches in each fishing
area based on its level (low, medium, and high) based on
the scoring values in Tables 1 and 2 [15].

Table 1. Scoring values based on chlorophyll-a
concentration (modification of Simbolong and
Girsang, 2009)

No Chlorophyll-a Scoring
Concentration
(mgm-3)
1 <0.1 Low
2 0.1-02 Medium
3 >0.2 High

Table 2. Scoring values based on catch weight
(modification of Simbolong and Girsang, 2009)

No Catch (kg/Trip) Scoring*
(cm)

1 <500 Low

2 500-1.000 Medium

3 > 1.000 High

To analyze the effect of chlorophyll-a concentration
on catch, a linear regression analysis was conducted
using IBM SPSS Statistics 20 with the following
formula [16]:

Y=a+bX+e,

where: Y = Yellowfin tuna catch (kg), a =
intercept, b = slope X = chlorophyll-a concentration
value and e = error.

Furthermore, for the relationship between yellowfin
tuna catch and chlorophyll-a concentration, Pearson
correlation analysis was conducted, with the formula
[16]:

xxy

"y = eney

where: 1, = correlation coefficient between x and y
variables, x = deviation from the mean for
chlorophyll-a variable values, y = deviation from
the mean for y variable values.
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To analyze the relationship between the response
variable ui (total catch) and the predictor variables
(oceanographic parameters), a non-linear analysis of the
general additive model (GAM) was performed
according to [17, 18] using the following formula:

G(ui) = agss, (Const.chl —a) + ¢,

where: G = spline smooth function, pi = response
variable, oo = constant coefficient, s, = smoothing
function of the predictor variable and € = standard error.

The last step was a cross-correlation analysis to
predict the relationship between yellowfin tuna catch
and chlorophyll-a concentration using time series data to
determine the time lag of yellowfin tuna presence in the
fishing area. The cross-correlation analysis was
conducted using the following formula [19]:

Cry (k)
RXY(K) ==

CZ (0)C3(0)
n—k

Cxy (k) = %Z (xt - &) (ytt+k - X)
(xe —x)

t=1
n
1
Cx(o) = ;Z
t=1 n

6O =1 (%-y)

t=1

where: Y = vyellowfin tuna catches and X =
chlorophyll-a concentration value.

3. Results and Discussion

Yellowfin tuna is a leading fishery resource for
fishermen in Ternate Island waters. In the fishing
process, fishermen use long boats 0.5-3 GT with 15 PK
outboard engines and fishing gear in the form of tuna
hand lines. Yellowfin tuna fishing operations in Ternate
Island are carried out in groups of 6-10 fishing vessels
with a one-day fishing model, where fishermen start
leaving for the fishing area in the morning and return to
the fishing base in the afternoon. The fishing operation
begins with the collection of bait consisting of small
pelagic fish species (swallowfish, tuna, flying fish and
other fish species) or squid. After the bait collection
process, the fishermen will immediately leave for the
fishing area with a distance of 7-13 km and a travel time
of 1-2 hours at a boat speed of 4-7 knots.

3.1. Fishing Ground

Yellowfin tuna fishing grounds in Ternate Island
waters are located in the Maluku Sea and are spread
from north to southwest of Terante Island. According to
[5], fishing grounds are water areas where fishing gear

is used to exploit fish resources. The fishing grounds
from May to August 2024 are shown in Figure 3. Figure
3 shows that in May (Figure 3a), yellowfin tuna fishing
grounds were scattered in the northwest at coordinates
127°8'23"E - 127°11'30"E; 0°52'13"N - 1°0'26"N, with
a distance of £11-13 km from Ternate Island. In June
(Figure 3b) and July (Figure 3c), the yellowfin tuna
fishing grounds were in the western region at
coordinates 127°7'23"E - 127°12'26"E; 0°44'00"N -
0°53'11"N, and 127°7'43"E - 127°11'51"E; 0°43'42"N -
0°52'37"N, with a distance of £8-10 km from Ternate
Island. In August (Figure 3d), the capture area began to
shift northward and was in the west to northwest region
at coordinates 127°9'41"E - 127°12'37"E; 0°48'35"'N -
1°00'12"N, with a distance of 8-13 km from Ternate
Island.

The movement of the fishing grounds during the
study from May to August 2024 was based on a plot of
the position of the fishing grounds during fishing
operations, with the determination of the fishing grounds
following the movement of dolphins (Stenella sp) with
the assumption and experience of fishermen that the
yellowfin tuna group always migrates with dolphins in
the surface area so that the presence of dolphins in the
sea surface area is an indicator of the presence of
yellowfin tuna below. According to [20] in [26],
yellowfin tuna with relatively large sizes are found
associated with dolphins, namely a total length of 55 -
125 cm and comparative bioenergetic models of
yellowfin tuna and dolphins show the tendency of
yellowfin tuna to swim following dolphins, and the
strength of this association is often used as an indicator
of fishing areas by fishermen, which is also likely to be
related to the condition of oceanographic parameters
that affect the distribution and abundance of prey fish.

3.2. Chlorophyll-a Concentration Distribution
Chlorophyll-a is a photosynthetic pigment found in
phytoplankton, which are single-cell and microscopic
organisms that live in water; its abundance indicates the
level of fertility or primary productivity in a body of
water [10, 22]. The chlorophyll-a content produced by
phytoplankton is an indicator of the fertility of waters,
and phytoplankton are very important as primary
producers in the food chain; thus, the distribution and
fluctuations of phytoplankton play a role in determining
the presence of aquatic fish resources [15]. Figure 3a
shows that the distribution of chlorophyll-a
concentration in May ranged from 0.21 to 0.56 mg m-3,
with an average chlorophyll-a concentration of 0.33 mg
m3. In June (Figure 3b), chlorophyll-a concentrations
were in the range of 0.16 - 0.50 mg m-3, with an average
value of 0.34 mg m3. The chlorophyll-a concentrations
in July and August (Figures 3c and 3d) the range of
chlorophyll-a concentrations were 0.17 - 0.51 mg m-3
and 0.16- 0.45 mg m-3, respectively, with average
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values of 0.35 mg m3 and 0.35 mg m3.
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Figure 3. Regional distribution and chlorophyll-a concentration in Pualu Ternate Waters (Source: Author
elaboration, 2024))

Figure 4 shows the condition of chlorophyll-a
concentration from May to August based on the fishing
trip, which continues to fluctuate and vary every fishing
trip, with the minimum and maximum chlorophyll-a
concentration values recorded are 0.16 mg m-3 and 0.56
mg m-3, respectively, with an average value of 0.33 mg
m-3. The condition of chlorophyll-a concentration in
Figure 4 also shows an increasing trend, indicating an
increase in the value of chlorophyll-a concentration
from May to August 2024, which is also the same as the
average value of chlorophyll-a concentration in Figures
3(a) to 3(d). The fluctuation of monthly chlorophyll-a

concentration values is thought to be influenced by
seasonal conditions and the geographical location of
Ternate Island waters between two large islands
(Halmahera Island) so that there is a supply of nutrients
from the mainland.

According to [23], chlorophyll-a content tends to
fluctuate seasonally, so that the fertility of the waters
will also tend to vary seasonally. In addition to seasonal
factors, the high concentration of chlorophyll-a in the
waters of Ternate Island is also thought to be caused by
the Indonesian Cross Current (ARLINDO).
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Figure 4. Chlorophyll-a concentration values during the fishing trip (Source: Author elaboration, 2024.

According to [24], the high concentration of
chlorophyll-a in the waters of Ternate Island is also
caused by the Indonesian Cross Current (ARLINDO),
the high concentration of chlorophyll-a in the Maluku
sea is caused by the Indonesian Throughflow (ITF),
which is a system of current movement from the Pacific
Ocean to the Indian Ocean that passes through the
Maluku sea by carrying water mass temperature,
chlorophyll-a concentration, salinity, oxygen, and other
tracers that can be used as indicators of water fertility.
As suggested in [37], the waters through which
ARLINDO passes are generally rich in nutrients that are
important for phytoplankton life.

Based on the average value of the concentration in
the capture area from May to August 2024 (Figure 5),
the condition of chlorophyll-a concentration in Ternate
Island waters was categorized as quite high because the
distribution was greater than 0.2 mg m3 (Table 1), which
indicates that there is high phytoplankton life so that it
can be identified as a fish habitat and this area is quite
productive.

\ e . s for il g ;ﬁ::-'f . .’
Figure 5. Yellowfin tuna (Thunnus albacares)
(Source: Author elaboration, 2024)

Furthermore, according to [25], the average monthly
chlorophyll-a concentration value in a water body above
2.0 mg m3 indicates the presence of sufficient plankton
to maintain the survival of pelagic fish. Chlorophyll-a
content produced by phytoplankton is an indication of
water fertility, and phytoplankton are very important as
a primary producer in the food chain process; thus,
fluctuating phytoplankton will play a role in determining

the presence of fish in the water [14]. Furthermore,
according to [10], chlorophyll-a concentration is also
used as information to assess fish resources because
there is a relationship between primary productivity and
fishery resources, so areas that have high chlorophyll-a
concentrations have high concentrations of fish as well.

3.3. Yellowfin Tuna Production

Yellowfin tuna (Figure 5) from the local community,
known as madding fish, is the catch of hand-lined tuna
fishers. The production of yellowfin tuna in Ternate
Island waters using tuna hand line gear from May to
August was 49,778.1 kg, with the average catch per
month and per trip being 12,4445 kg and 565.7 kg,
respectively. The graph of the number and percentage of
yellowfin tuna catches from May to August 2024 is
shown in Figure 6.

Cacth (x 1000 kg)
Percentage (%)

June
July
August

Month (2024)

Figure 6. Number and composition of catches
during May-August 2024 (Source: Author
elaboration, 2024)

Figure 6 shows fluctuations in yellowfin tuna
production from May to August 2024, with the lowest
production in May 2024 and the highest production in
June 2024, with a tendency to increase production from
May to June and then slightly decrease from June to July
and August 2024. Based on the number of catches per
month, it can be seen that the level of yellowfin tuna

Page | 7



Journal of Hunan University (Natural Sciences)

Vol. 51 No. 12, December 2024

production per month is high because the number of
catches per month is more than 1,000 kg (Table 2) and
tends to fluctuate. The tendency to fluctuate in the
amount of production is thought to be caused by various
factors, including the number of fishing trips and
technical aspects in operating fishing gear. The number
of fishing trips in May 2022 was 14 and increased to 24-
26 trips in the following months. Technical aspects are
highly dependent on the skill of the fishermen, the use
of fishing aids, and fishing gear operation techniques. As
stated in [26], fishing productivity is the ability to
operate a fishing gear to get a catch in one unit of effort
and is closely related to the technical aspects of fishing,
while according to [27], technical aspects affect the
effectiveness of fishing gear operation, so that accuracy
in determining technical aspects will be useful for
fishermen in the fishing business.

Another factor that is thought to affect catch
production is the dynamics of sonographic factor
parameters. As suggested in [8], the fishing season
pattern and the abundance of pelagic fish are influenced
by the dynamics of oceanographic parameters, including
chlorophyll a value and sea surface temperature. Ternate
Island waters are dynamic ecosystems; thus, the
existence of fish populations is influenced by the
conditions of oceanographic parameters. According to
[15, 23, 28], fishing grounds are waters with high
potential fish resources, where the area is influenced by

oceanographic factors. The success of fishermen in
utilizing fish resources depends on oceanographic
conditions, seasons, and fishing grounds [29]. As stated
in [25, 17], oceanographic parameters such as water
depth, oceanographic parameter processes such as
upwelling or chlorophyl-a front [30] can be used as
indicators in determining potential areas of
economically important fishing. As reported in [31], the
difference in the number of fish catches is related to the
patterns and eating habits of pelagic fish groups.
Furthermore, according to Rizwan et al. in [5], the
number of fish catches is also influenced by food
availability and chlorophyll-a concentration, which are
important factors that determine population abundance
and fish conditions in a body of water.

3.4. Fluctuations in Chlorophyll-a Concentration
Affecting the YFT Catch

Yellowfin tuna is a type of pelagic fish that lives in
groups in areas near the surface of the water to a depth
of + 100 meters and is classified as a type of carnivorous
fish whose main food is small pelagic fish and squid, so
the presence of yellowfin tuna in a body of water is
influenced by the food chain, especially by the
concentration of chlorophyll-a or phytoplankton, which
is the primary producer in marine waters. The daily
fluctuations of vyellowfin tuna and chlorophyll-a
concentrations are shown in Figure 7.
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Figure 7. Daily fluctuation of yellowfin tuna and chlorophyll-a concentrations from May to August 2024
(Source: Author elaboration, 2024)

Figure 8 shows a graph of fluctuations in yellowfin
tuna catch and chlorophyll-a concentration values from
May to August 2024, where it can be seen that the
conditions of the two variables have almost the same
fluctuation tendency, where when the chlorophyll-a
concentration rises, it affects the increase in yellowfin
tuna catch, and vice versa the same thing also happens
when the chlorophyll-a concentration value drops, the

yellowfin tuna catch also decreases. The results of linear
regression analysis (Figure 8) showed that chlorophyll-
a concentration had a partial significant effect on the
amount of yellowfin tuna catch with Feoune = 1,603.157
and significance value (Sig.) = 0.00, and the regression
formula formed was y = 1974.1* Catch (kg) 84.891. The
coefficient of determination (R?) = 0.6325 which
indicates that 63.25% of yellowfin tuna presence on
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fishing grounds is influenced by chlorophyll-a
concentration, assuming that other oceanographic
parameters are constant.

¥ =1974.1x - 84.891
800.0 R'=0.6325

0 o1 0.2 03 04 0.5 0.6

Chlor-a. Concent (mg m-3)

Figure 8. Effect of chlorophyll-a concentrations on

yellowfin tuna catch (Source: Author elaboration,
2024)

The results of the correlation analysis showed that the
correlation (r) between chlorophyll-a concentration and
yellowfin tuna catch was 0.762, which based on this
value indicates that the correlation relationship between
the two variables is strong and positive, where if there is
an increase in chlorophyll-a concentration, yellowfin
tuna catch tends to increase as well. This can be further
explained in Figure 9, which illustrates that at low values
of chlorophyll-a concentration (0.1-0.2 mg m-3) the
amount of yellowfin tuna catch is 35.5 kg, and the
amount of catch further increases as the value of
chlorophyll-a concentration increases, as shown in the
trend line that increases with increasing chlorophyll-a
concentration.

As reported in [36], an increase in chlorophyll-a in
waters will increase pelagic catches, whereas a decrease
in chlorophyll-a will reduce catches. According to [33],
chlorophyll-a significantly affects pelagic fish catches,
where higher chlorophyll-a concentrations have the
possibility of producing high fish production and
conversely lower chlorophyll-a concentrations will

provide low catches as well. Furthermore, as revealed by
[29] and [10], pelagic fish catches (yellowfin tuna,
skipjack, tuna and mackerel) tend to increase when sea
surface temperatures are low and chlorophyll-a is
abundant.  According to [30], chlorophyll-a
concentrations with a chlorophyll-a value of 0.2 mg m-
3 has a significant relationship with pelagic fish catches,
further by [17], the average monthly chlorophyll-a
concentration value in a water body above 2.0 mg m-3
indicates the presence of sufficient plankton to maintain
the survival of pelagic fish.
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15,000 ¥ =-2903.9x° +25726x - 38484
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Figure 9. Relationship between yellowfin tuna catch

and chlorophyll-a concentration (Source: Author
elaboration, 2024)

The results of the General Additive Model analysis
in Table 3 show that there is a strong and very real
relationship  between yellowfin tuna catch and
chlorophyll-a with Sig value < 0,000. The strong
relationship between chlorophyll-a concentration and
yellowfin tuna catch is shown by the density of the
distribution of catches in Figure 10, so that it can be said
that the potential areas of small pelagic fish fishing,
especially yellowfin tuna in Ternate Island waters, are
good in the range of chlorophyll-a concentrations of 0.2
->0.4 mg m-3.

Table 3. Results of general additive model analysis of the effect of chlorophyll-a concentration on yellowfin
tuna catch (Source: Author elaboration, 2024)

Variable

Pr (F) Sig.

Chlorophyll-a Concentration

0.000321 < 0.000

Yellowfin tuna is a type of pelagic fish that is
classified as a carnivore, and its life does not depend
directly on chlorophyll-a [34]. However, in the food
chain, the presence of yellowfin tuna in a body of water
is also influenced by phytoplankton, although not
directly [35]. Based on these findings, the presence of
yellowfin tuna in a fishing area requires a certain time.
The time interval for the presence of tuna in the fishing
area is known as the correlation distance or time lag, so

based on the results of the cross-correlation analysis
seen below in the waters of Ternate Island, the
correlation distance or time lag required by yellowfin
tuna is on the 13th trip. Test results This is reinforced by
the graph in Figure 10, which shows that the catch of
yellowfin tuna began to increase significantly on the
13th trip even though the catch of yellowfin tuna was
already high on the previous trips.
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Figure 10. Time lag of yellowfin tuna catch and chlorophyll-a concentration in Ternate Island Waters
(Source: Author elaboration, 2024)

4. Conclusion

The variability of chlorophyll-a concentrations in the
waters of Ternate Island appears to be quite fluctuating
from May to August 2023, with minimum, maximum,
and average values of 0.16 mg m3, 0.42 mg m3, and 0.32
mg m-3 respectively. 3. Based on the regression
analysis, which was strengthened by the GAM analysis,
chlorophyll-a concentration had a significant effect on
yellowfin tuna catches, with a value of F = 82.834 and
Sig. = 0.00, with the influence given based on the
coefficient of determination (R2) being 0.58 or 58% of
the presence of yellowfin tuna in the fishing area
influenced by the presence of chlorophyll-a
concentration and 42% influenced by other factors.
Furthermore, the results of the GAM analysis show that
the relationship between these two variables is very real
(P <0.0001), which is strengthened by -correlation
analysis with a correlation coefficient (r) of 0.762, which
indicates that the correlation relationship between the
two variables is strong and has a positive value. The
cross-correlation, which indicates the presence and real
increase in yellowfin tuna production in the waters of
Ternate Island is on the 13th trip.

The results of the study indicate that individual
concentrations of chlorophyll-a have a real effect on the
presence of ikan in fishing areas, so these results are
expected to be used as reference and teaching materials
in the development of science, especially fisheries catch.
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