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Anchovies are the most economical fish for pelagic of Thailand,
according to the statistics of the Department of Fisheries in Thailand regarding fish
species in commercial fisheries in 2018, the total economy fish consumed was
860,372 tons or 70.96 percent of the total fish. Quantity, amounting to 24,866.91
million Baht or 89.47 percent of the total fish cost. The Anchovy has the highest
amount of 162,555 tons (18.89%), worth 3,161.17 million Baht (12.71%). The high
catch statistics and great value will make it necessary to have an education about the
spatial distribution of anchovy and related environmental factors for the sustainable
use of anchovies in the future.
For Thai fisheries law, vessels capable of fishing with anchovies must
apply to the Department of Fisheries. The gears for anchovy fishing were anchovy
falling net, anchovy surrounding the net, and anchovy lift nets. These vessels are
required by law to be equipped with a vessel monitoring system and a record of
fishing operations in the logbook.
This study is based on the hypothesis that the fishing vessel has to fish in
areas where the anchovies are densely inhabited.
This is because the anchovies are small pelagic fish and are the first
consumers of the marine food web. The main food of this fish is a group of
zooplankton organisms. Therefore, areas with high zooplankton should also have a lot
of phytoplanktons because phytoplankton is the primary producer of the marine.
Remote sensing technology is, therefore, an important tool in the measurement of
marine environmental factors because it is a convenient, fast, comprehensive
measuring tool suitable for large study areas and, most importantly, cost- effective
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when compared with factor studies in an environment by field data collection.
The data collection for this study is divided into 2 parts. The first part of
data in the vessel section is the vessel's route data, fishing point, and the weight of
anchovy obtained from fishing operations which is information from the Department
of Fisheries, Thailand. The second part is the environmental factor data obtained from
remote sensing technology. This study will study two main factors: chlorophyll A
(Chl-A) and sea surface temperature (SST), which are the data obtained from Aqua
MODIS Satellite. When data from both two parts have obtained the relationship of the
anchovy was found with the 2 environmental factors by using the Generalized
Additive Model (GAMs) to find the relationship.
Objectives of this study are: 1) To find fishing locations of the anchovies
from anchovy fishing vessel 2) To compare the fishing positions in 3 different seasons
(Northeast monsoon, Southwest monsoon and Non-monsoon) and 3) To using
Generalized Additive Models (GAMs) for determining the fish distribution in relation
to environmental conditions.
Aqua MODIS satellite imagery shows the amount of chlorophyll-A at the
surface of the Sea. It was found to be high during the northeast monsoon and low in
the northeast monsoon, notably on the east coast. Chlorophyll-A values are high in the
upper Gulf of Thailand, near the estuary, which is on the north coast and near the west
coast of the central Gulf of Thailand and spread out into the upper Gulf of Thailand.
However, the value on the west coast of this season was low compared to that of the
non-monsoon and southwest monsoon. Anchovy fishing ground overlaid on SST in
the Gulf of Thailand in 3 different seasons found that SST in the non-monsoon was
lower than those in northeast monsoon and southwest monsoon. SST along the
coastline around the gulf was found to be higher than that in other regions in 3
seasons.
In the non-monsoon, catch a lot of fish during Chl-a was <0.2-0.6 mg/m3
and high catch weight was 0.21-0.40 mg/m3, In Northeast monsoon, catch a lot of fish
during of Chl-a was <0.2-1.2 mg/m3 and high catch weight was 0.21-0.40 mg/m3. In
Southwest monsoon, catch a lot of fish during of Chl-a was <0.2-0.8 mg/m3 and high
catch weight was 0.21-0.40 mg/m3.
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In the non-monsoon, catch a lot of fish on SST was 28.5-29.5 °C and the
high catch weight was 29.0-29.5 °C. In the northeast monsoon, catch a lot of fish on
SST was 28.5-30.5 °C and the high catch weight was 29.5-30.0 °C. In southwest
monsoon, catch a lot of fish on SST was 29.0-31.5 °C and high catch weight was
30.0-30.5 °C.
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CHAPTER 1
INTRODUCTION
1.1 Statements and significance of the problems
It is imperative to develop and execute plans to manage the ecosystem that
allows the use of fish stocks and also reducing by catch for commercial fisheries
around the world to sustain a foreseeable future (A. D. Hall MA, Metuzals KI, 2000;
A. D. Hall MA, Metuzals KI 2000). Only through the development of explicit spatial
models of fishery activity distribution, preferred commercial fish stocks, and the
species and habitats that are not targeted, these objectives can then generally be
fulfilled. Information concerning fishing vessels about their distribution in the waters
and their behavior could be gained through practical and routine surveillance by ships
and aircraft of enforcement agencies. However, these methods do not have coverage
spatially and/ or physically. Even though catch-book data can be utilized, possible
biases can affect it when making reports(Lewison RL, 2004) . Various nations use
Vessel Monitoring Systems ( VMS) on big commercial fishing vessels(Molenarr EJ,
2000). As they have good temporal and spatial coverage and are catch-book and
vessel-master independent, the activity of the fishery can be given by VMS.
In Thailand, Vessel Monitoring System ( VMS) deployed on a Thailandregistered vessel. A Thai fishing vessel must comply with the policy of the National
Fisheries Policy Committee. Responsible for solving problems in the regulation of
illegal, unreported and unregulated ( illegal, Unreported and Unregulated ( IUU)
Fishing) fishing at the national level, and expedite the formulation of national plans to
prevent, deter and eliminate fisheries. Illegal, unreported and uncontrolled ( NPOAIUU) by defining missions and assigning statutory authority to relevant agencies to
bring them into action as quickly as possible and expedite law enforcement to make
Thai fishing vessels from 30 gross tons install a VMS to be able to control and
monitor the fishing operations of the vessel under the IUU regulations of the
European Union in the implementation of IUU fisheries control of Thai fishing
vessels(Zwoelfer, 2020). We investigate patterns of fisheries activity on annual and
seasonal scales. After the installation of the vessel monitoring system on the vessel,
the study of marine resource management has taken a further step forward.
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In this study, we investigated three types of fishing vessel groups: Anchovy
falling net, Anchovy surrounding net, And Anchovy lift nets. According to the
statistics of the Department of Fisheries in Thailand regarding fish species in
commercial fisheries in 2018, the total economy fish consumed was 860,372 tons or
70.96 percent of the total fish quantity, amounting to 24,866.91 million baht or 89.47
percent of the total fish cost. Anchovy has the highest amount of 162,555 tons
( 18. 89% ) , worth 3,161. 17 million baht ( 12. 71% ) , followed by 99,648 tons of
mackerel ( 11.58% ) in the amount of 3, 059.10 million baht (12.30), ranking 3rd at
68,818 tons ( 8. 00% ) worth 2,186. 38 million Baht, which is related to the fishery
statistics of the Department of Fisheries Found that the fishery catch in 2018, there are
1,182,652 tons of fish, accounting for 86.78 percent of the total saltwater fishery, an
increase of 174,406 tons or an increase of 17. 30 percent compared to the previous
year. The most fish that get caught for consumption are Anchovies. With a catch
amount of 163,907 tons (13.86 percent), an increase of 40,491 tons, or an increase of
32. 81 percent compared to the previous year. Anchovy catch volume in 2018 is
163,907 tons, with anchovy from the Gulf of Thailand up to 138,240 tons(Fisheries,
2018) .
The high catch statistics and great value making it necessary to have an
education about the spatial distribution of anchovy and related environmental factors
for sustainable use of anchovies in the future(Agenbag et al., 2003).
This study wants to know the fishery areas of anchovy fishing vessels in the
Gulf of Thailand by using VMS. Then, finding the relationship between the fishery
areas and the environmental factors in the area of the fishery. The environmental
factors that need to be studied are chlorophyll A and sea surface temperature from
Aqua MODIS satellite by using Generalized Additive Models ( GAMs)
determining the fish distribution in relation to environmental conditions.
1.2 Research question
•

Where have anchovy fishing vessels been caught in the Gulf of Thailand?

•

What environmental factors affect the existence of anchovies?

for
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1.3 Research objectives
The main goal of this study was to map the overall anchovy fishing sites,
combining data from three types of fishing vessels, the tools: Anchovy falling net,
Anchovy surrounding net, And Anchovy lift nets in the Gulf of Thailand. There were
633 registered vessels in the year of study.
The specific objectives are as follows:
1. To create map of anchovy catch using data from VMS system during October
2018 - September 2019 in the Gulf of Thailand
2. To compare anchovy fishing areas in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon).
3. To analyze the relationship between fish distribution and environmental
conditions.
1.4 Thesis Structure
This research will present areas where the fishing vessel catches anchovies
based on a VMS. This is based on the assumption that the vessel must go fishing in an
area with fish. Therefore, the information obtained will be the basis for development
and plan the management of anchovy fish in the Gulf of Thailand further.
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1.5 Conceptual framework
This research would like to find the point where an anchovy fishing vessel fish
in the Gulf of Thailand area by VMS. Then, study the changes in chlorophyll A and
the sea surface temperature from the MODIS satellite. Then, use both data to find the
relationship between the fishery area and the environmental factors that are anchovy
fishery by GAM model.

MODIS L3(Daily)

Vessel Monitoring System
(VMS)

Calibrate Radiances
Atmospheric Correction
Geometric Correction

Anchovy purse seine
Anchovy falling nets
Anchovy lift net
Geometric Correction

Chlorophyll a
(Chl-a)

R Program

Fishing
area

Sea Surface
Temperature (SST)

QGIS

Spatial-Temporal
Distribution of Anchovy
Variation Map

Regression
Analysis (GAM)
Figure 1 : Diagram framework in this study
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CHAPTER 2
LITERATURE REVIEW
2.1 Gulf of Thailand
The Gulf of Thailand is the inner waters of the South China Sea and is located
on the west side of the Pacific Ocean between latitudes (latitudes) at 6 ° to 13.5 °
above the m eridian (longitude) at 99 ° to 105 °. East is a sem i-enclosed bay
surrounded by the coast of the Malay Peninsula in the west and the land of Southeast
Asia in the north and east. The southeast part of the Gulf of Thailand is an open
channel between the tips of Laem Yuan. Vietnam and Kota Bharu City of Malaysia
Contact the South China Sea. The width is about 380 kilometers, the length is 810
kilometers and the widest part is 540 kilometers wide, deep into the bay(Robinson,
2004). The sea surface of the Gulf is like a pan basin. The average depth is 44 meters.
The center of the deepest bay is 86 m eters deep . In the m iddle of the bay is
approximately 60 meters deep and has a narrow channel to the north that is drowned
river. A valley that had risen above the sea level in the ice age and can see traces of
ancient rivers connecting the rivers on the current land.
Climate and Meteorology

Figure 2 : Southwest and Northeast monsoon of Thailand.
The Gulf of Thailand is in the monsoon region with two different climatic
conditions. The southwest monsoon season begins around May and ends in September
or October. The wind that blows from the southwest or west with the low-pressure
trough from the Indian Ocean has caused rain in Thailand around the Gulf of Thailand
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east coast since May. After that, it was a period of rain for a while due to the low pressure trough moving to the south of China. The trough of low pressure will move
to Thailand again between July and October. Therefore, causing abundant rain once
again, some of the rain will become waterways that continue to flow into the sea. The
northeast monsoon season begins in November and ends in February to early March.
It is when the wind blows from the north northeast or east with a high-pressure patch,
which is dry air from Siberia. The rainfall will be minimal during the months of
January - February. And rarely flows down into the Gulf of Thailand, but the west
coast from the coast of Chumphon down to Narathiwat province has rain until
December due to the monsoon winds that blow through the Gulf of Thailand carrying
moisture from the sea. The time between the two monsoon seasons is the season for
the change of the weather. March to April is the period that Thailand is closest to the
sun, with the wind blowing from the south or southeast. Sometimes there may be a
clash between the cool air mass radiating from China and the hot air mass covering
over Thailand, causing thunderstorms and gust of wind. Thunderstorms that occur
during this season are often referred to as summer storms. The southwest monsoon
season changes in October to the northeast. The weather is similar to the rainy season,
with rain remaining, but the weather is getting colder and the wind starts to change
direction. In addition to monsoon rains, the Thai Sea also receives rain from tropical
cyclones that occur in the Great Pacific and the Indian Ocean. The Gulf of Thailand is
in the tropical cyclone range from June to December. The Andaman Sea will be in the
cyclone movement in May(Pramote S., 2003).
The Gulf of Thailand, also known as the Gulf of Siam, is a shallow
inlet("Marine Gazetteer browser,") in the southwestern South China Sea, bounded
between the southwestern shores of the Indochinese Peninsula and the northern half of
the Malay Peninsula. It is around 800 km (500 mi) in length and up to 560 km (350
mi) in width and has a surface area of 320,000 km2 ( 120,000 sq mi( " Marine
Gazetteer Place details - Gulf of Thailand,")). The gulf is surrounded in the north,
west and southwest by the coastlines of Thailand (hence the name), in the northeast
by Cambodia and the Mekong Delta region of Vietnam, and opens to the South China
Sea in the southeast.
Geography
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The Gulf of Thailand bordering Cambodia, Thailand and Vietnam [ 9]
occupies a 304,000 km2 undersea area from 6 ° N to 13 ° 30 'N latitude and 99 ° E to
104 ° E. Longitude: 250(Atlasv) . The northernmost of the Gulf of Thailand is the Bay
of Bangkok at the mouth of the Chao Phraya River The southern boundary of the bay
is defined by a line from the Bai Bung Peninsula in southern Vietnam. (South of the
Mekong Delta) To the city of Kota Bharu on the Malaysian coast.
The bay is relatively shallow: an average depth of 58 m ( 190 ft) and a
maximum depth of only 85 m (279 ft) [10]: 250. This slows water exchange and the
strong flow of water from the river decreases. Salinity levels in the bay ( 3.05–3.25
percent) and sediment strengthening. Only water with higher salinity ( 3.4 percent)
will flow into the bay from the South China Sea. It fills the central basin under a depth
of 50 meters (160 feet). The main rivers that flow into the Gulf of Thailand are the
Chao Phraya River, namely the Tha Chin, Mae Klong and Bang Pakong River at
Bangkok Bay, and to a lesser extent than the Tapee River that flows into the bay Ban
Don on the southwest side of the bay.
The International Hydrographic Organization defines the southern bay limit
as, "[a] a line running from Cambodia's western extremity or Kamau Point (8 ° 36'N)
to the northernmost point on the east side of the estuary of the Kelantan River ( 6 °
14°N , 102 ° 15°E) ".("Gulf of Thailand,")
Environment
Coral reefs
There are 75,590 hectares of coral reefs in the Gulf of Thailand, 5 percent of
which are considered in abundance. In 2010, severe bleaching occurred in most reef
areas in the country. The coral reef bleaching in the Andaman Sea is stronger and
more extensive than in the Gulf of Thailand(Greenpeace) . In 2016, the first coral
bleaching was detected at Koh Talu and Koh Luu in Prachuap Khiri Khan Province
(Apinya Wipatayotin, 2016) Scientists determined that bleaching began when the sea
water temperatures exceeded 30 ° C for more than three weeks. Due to the high
temperature of 32 ° C at Koh Talu, Prachuap Khiri Khan, 5 to ten percent of the coral
has been bleached(Rujivanarom, 2018) .

Water quality
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In 2015, coastal water monitoring results from 202 sampling sites; collected
twice a year indicates that the coastal waters of Thailand were not in excellent
condition. Sixteen percent of coastal waters were of good quality, 72 percent were of
fair quality, 9 percent were of poor quality, and 3 percent were of very poor quality.
The quality of all coastal waters is of a similar percentage, with most of the fair, with
the exception of the Gulf of Thailand where coastal waters are low to terrible.
Compared to the measured coastal water quality in 2014, the water quality
deteriorated. (Department, 2016) Some of the bays water outside Chachoengsao,
Samut Sakhon, Samut Prakan, Bangkok, Rayong, Chonburi, Phetchaburi, Prachuap
Khiri Khan and Surat Thani provinces were judged as having coastal water. At a level
of "bad" or "terrible" conditions [14] Songkhla is the only province in the bay that has
"good" quality coastal water(Department, 2016) .
Fisheries
Of Thailand's catch, 41 percent are caught in the Gulf of Thailand and 19
percent in the Andaman Sea. Forty percent are trapped in waters outside the EEZ
region of Thailand(Apinya Wipatayotin, 2017).
Coastal erosion
Thailand has 1,660 kilometers of coastline, bordering the Gulf of Thailand. "
Severe erosion" Coastal losses of more than 5 meters per year cause damage of 670
kilometers of all that. At least some of the erosions are caused by clearing mangrove
forests for shrimp farming(Apinya Wipatayotin, 2017).
Plastic pollution
In February 2017, 10 kilometers of plastic waste was found floating outside of
Chumphon Province (Wonggruang, 2018) Thailand is the worst plastic pollution
country in the world. More than half of the "spill of plastic on land" into the sea came
from five countries: China, Indonesia, the Philippines, Thailand and Vietnam("Landbased strategies for a plastic- free ocean," 2018).
The Thai Department of Marine and Coastal Resources noted that, on average, at least
300 marine animals, on average 60% of whales and dolphins die from eating plastic
fishing equipment and trash each year(Wonggruang, 2018). Invertebrates tested off
the coast of Chonburi Province were found to contain high levels of microplastics.
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“ The health risks are possible when people consume these contaminated marine
organisms, especially shellfish.
Morphology and Physical Oceanography of the Gulf of Thailand
In oceanography, the Gulf of Thailand is shaped like a triangle divided into
two parts: inner gulf or upper gulf (inner gulf or upper gulf) and outer gulf or lower
gulf (outer gulf).
1) In the Gulf of Thailand
The Inner Gulf of Thailand ( Inner Gulf of Thailand) is the upper part of the
bay, has a rectangular shape, resembling the letter "A", so it is commonly referred to
as the Ao A or the A-shaped bay in 1959. From the coast of Huai Sai Nuea
Subdistrict, Cha-Am District in Phetchaburi Province, northward along the coastal
area of Samut Songkhram Province. To the east, which is the coastal area of Samut
Sakhon Province, Bangkok Samut Prakan and Chachoengsao and south along the
coast of Chonburi Province until Cape Chong Samaesarn, Sattahip District, Chonburi
Province. At present, it is popular to refer to the upper Gulf of Thailand as the Upper
Gulf of Thailand.
The inner gulf of Thailand is approximately 100 x 100 square kilometers. The
inner Gulf of Thailand has a maximum depth of approximately 40 meters on the right
bank of the bay. The left side is more shallow. The average depth in the Gulf of
Thailand is approximately 15 meters (Pramote Potisuporn 2003, referring to Nedeco
1965 and Wiroj Phinyoporn 1986) . The slope of the bay is about 0. 2 meter per 1
kilometer, with a total surface area of approximately 10,360 square kilometers. The
inner Gulf of Thailand is a large estuary. It receives freshwater from four rivers: Mae
Klong River, Tha Chin River, Chao Phraya River and Bangpakong River. The water
mass in the inner Gulf of Thailand has variable salinity in the range of 30.5-32.5 PSU
and has a high concentration of dissolved nutrients, especially during the winter. The
rain contributes to the primary productivity and fisheries production in this area.
The upper coast of the inner Gulf of Thailand is a lane beach in the tidal zone covered
by mangrove forest with a width of 1 to 10 km. An economically valuable food source
and refuge for coastal and coastal birds, both resident and migratory
birds(Wattayakorn, 2006) .
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2) The outer Gulf of Thailand or the lower Gulf of Thailand
The outer Gulf of Thailand, or the lower Gulf of Thailand, is a continuation
from the inner Gulf of Thailand to the south. Until the line connecting Cape Kamau of
Vietnam at latitude 8 ° 36 'north with the northern part of the eastern side of the
mouth of the Terengganu River. Kota Bharu In Malaysia, at 6 ° 14 'latitude, 102 ° 15'
east longitude [ 19] , this line is approximately 370 km long and not very deep. The
section is about 50 meters deep and has a length of about 55 kilometers only.
The outer Gulf of Thailand has the widest part, 555 kilometers long,
approximately 838 kilometers, looks like a pan. There is the deepest area in the
middle of the bay, a trench ( depression) , which is no more than 85 meters deep.
Shallow up along the slope of the coastline. Sediment on the sea floor in the middle of
the Gulf of Thailand is sandy or muddy mud. But the sea floor of the western Gulf of
Thailand is not homogeneous, with the sea floor sediments that are mud, mud, sand,
mud, sand, muddy and sand scattered in places, as shown in Figure 4 [20]. The lower
Gulf of Thailand, which is the territory of Thailand, can be divided into 3 areas:
1. Gulf of Thailand, west coast: Covering the coast of the Gulf of Thailand
since Prachuap Khiri Khan Province Down to Narathiwat. The seafloor is relatively
shallow. The seabed sediments from Prachuap Khiri Khan Province to Nakhon Si
Thammarat Province look like sludge, but in the coastal areas of Songkhla Province to
Narathiwat Province there is sandy mud sediment. And other areas are sandy and
muddy shells.
2. The eastern Gulf of Thailand is the coastal area of Chonburi Province to
Trat Province. The nature of the seafloor is generally sandy mud. As for the distant
land and river mouth, the sediment on the surface is fine sand sediment mixed with
brown mud, similar to the upper Gulf of Thailand. As for the sediment underneath, it
is mud mixed with fine shells.
3. In the middle of the Gulf of Thailand is the Gulf of Thailand offshore,
following the upper Gulf of Thailand. Western Gulf of Thailand, Eastern Gulf of
Thailand until the specific economic zone of Thailand. The nature of this area is a
basin. About 50% of seabed sediments are mud and some of them are silt and sandy
mud.
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2.2 Anchovy in the Gulf of Thailand
Anchovy plays an important role in marine ecosystems, not only as a
herbivore for plankton, but also as a target fish for local commercial fisheries [ 21] .
Anchovy is small-sized aquatic fish that are economically important, found in 2
genus: stelephorus and encrasicholina. With behavior, there is a variety of habitats
that are related to the natural life cycle, that is, the spawning and feeding places on the
coast. And growing in the depth of 15-40 meters(Fisheries, 1993) .

genus: stelephorus

genus: encrasicholina

Figure 3 : Anchovy in the Gulf of Thailand
Anchovy is a type of fishery product that can generate income for local
fishermen and cause many other commercial production industries such as the dried
anchovy industry. Boiled Anchovy, Seasoned Anchovy and fish water industry. In
2002, it was found that Thailand had used raw anchovy as raw materials in various
industries and food processing, approximately 103,000 tons with a value of
approximately 937.1 million Baht(Fisheries, 2004) . Of the anchovies caught in both
the Gulf of Thailand and the Andaman sea, they are usually the shrewd-headed
anchovy ( S.

heterolobus)

centimeters(Fisheries, 1993)

with body size.

Approximately 4. 0-4. 5

from the overview of the anchovy utilization of

Thailand, it was found that it can be classified according to the main industry, namely
1. Use anchovy as raw material. 2. For the production of fish water. 3. Dried anchovy
4. Dried boiled anchovies 5. Seasoned anchovies and 6. Anchovies for fish meal
production.
Spawning grounds and spawning season
Anchovies are marine fish that are being studied, their eggs and sperm are
under multiple synchronized developments and are released continuously for external
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fertilization.

(OGILBY, 1896)The largest eggs can be found. From January-

February-March to August, with a diameter of 0.5-1.0 mm. The size of the released
eggs collected by the embryo is 0. 8-3. 0 mm. (REGAN, 1912)Fertilized eggs were
hatching within 24 hrs. Small anchovies occur year-round and are apparently
spawning all year round. Young fish are the first and have not been fully recruited in
January, May and August. Size 1. 5-3. 0 cm. Silk, which can be caught with a fine
mesh device. Fully handpicked sizes range from 3.0 to 5.0 cm depending on the type
of fishing gear. In studied the spawning grounds and spawning seasons on the west
coast of the Gulf of Thailand from fish eggs and larvae samples. The results showed
that there were two prominent spawning peaks. The first during March-April and the
second during July-September(OGILBY, 1896) . Also surveyed fish eggs and larvae
and found that the first high peak was in April and the second in May.
The distribution of eggs and larvae
In investigating the distribution of fish eggs and fry by using larval trapping
nets. The eggs and larvae of anchovies are highly dispersed in March around the Koh
Chang and Kui Islands in Trat and Sattahip in Chon Buri Province. Surveyed young
fish in Koh Chang on the eastern coast of the Gulf of Thailand, Trat Province in 1983.
The average number of Engraulid fry at 16 stations showed the highest fertility in
July. The average number of fries per 1,000 cubic meters of water gradually increased
from August to May of the following year. The highest figure is 1,887 in July. The
larvae living near Koh Chang found a spatial distribution. The outer zone of the island
is less fertile than the inner zone. The seasonal distribution in the northeast, inter
monsoon and southwest monsoon was found to have occurred 35.0 percent, 23.2 and
30.4 percent, respectively. (Manprasit, 1996)
In examined eggs and fish larvae in Prachuap Khiri Khan and Surat Thani
provinces. The results showed a high density of anchovy eggs and larvae in these
areas, with 2 peaks in February-April and July-August. Carved larvae were found
throughout the Gulf of Thailand and the Andaman Sea. (Manprasit, 1996)
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The distribution of adult anchovy
Adult anchovies are scattered throughout the Gulf of Thailand at depths
ranging from 5 to 60 meters, dense areas near islands and estuaries. The eastern part
of the Gulf of Thailand. (Trat, Chanthaburi and Rayong) There is a dense area of Koh
Chang, Koh Kui, Ao Makhampom to Mae Ram Phueng Samae San Beach in Rayong
Province to Chonburi Province of the Upper Bay area. On the west coast of Anchovy
Bay, it is found in Chumphon, Ban Don Bay and Tuas Samui and Koh Phangan in
Surat Thani Province and Songkhla and Pattani in the south(Manprasit, 1996) .
Food, feeding and predators
Anchovies eat phytoplankton and zooplankton. It has examined the gastric
contents of Encrassicholina Captured by anchovies (APS) and anchovy with light lure
( APSL) bags in Prap Khiri Khan, Chumphon and Surat Thani province between
February and December 1992. The 170 samples examined, measuring 3. 8-8. 9 cm
( TL) , showed that the composition of different sized anchovy diets captured in
different locations, months, water depths, day or night. But the quantity varies
according to the species. It was found that anchovies feed on copepods, diatoms, crab
larvae, dinoflagellate, nau, bivalve, ripadia, caldosira, fish roe and unidentified
shrimp. The highest incidence of species in the gut of anchovies was shrimp fraction
66%, cosinodiscus (diatom) 13.1%, dinoflagellate 13.2% and others 7.6%. Anchovies
include marine fish, freshwater fish, and some invertebrates, including Indo-Pacific
mackerel, tuna, herring, wolf, trevalibar, kudas, fishtail and squid.
Anchovy Fisheries in the Gulf of Thailand
Anchovy fisheries in the Gulf of Thailand were studied in 2008. Four fishing
gears were found: anchovy falling net with luring light (small size), anchovy falling
net with light luring (size more than 14 m), daytime anchovy purse seine and anchovy
purse seine with light luring. Catch rates of those 4 anchovy fishing gears were
499. 46, 1,327. 41, 1,754. 95 and 2,521. 70 kg/ day, respectively. The percentages of
anchovies found in the compositions of those 4 fishing gears were 83.92, 83.22, 87.63
and 76.96, respectively, while those of other fish were 16.08, 16.78, 12.37 and 23.04,
respectively. The dominant species of anchovies were Encrasicholina heteroloba, E.
punctifer and E. devisi, while the other fish were Rastrelliger spp., R. kanagurta, R.
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brachysoma, Selaroides leptolepis, Sardinella gibbosa, Atule mate, Megalaspis
cordyla, Decapterus maruadsi and Selar crumenophthalmus(Sinanun, Sinanun,
Noranarttragoon, Boonjorn, & Tossapornpitakkul, 2012). Average sizes of anchovies
including the other fish from anchovy fisheries were found smaller than their sizes at
first maturity. Economic loss from anchovy fisheries in the Gulf of Thailand due to
the catches of those 9 economically important fish juveniles was also studied. The
maximum loss of 7,385.40 baht/ day was found from anchovy purse seine with light
luring, followed by those of daytime anchovy purse seine, anchovy falling net with
light luring ( size more than 14 m) and anchovy falling net with light luring ( small
size) which was 2,621.16, 1,359.38 and 1,027.61 baht/ day, respectively. (Piyachok
Sin-Anan, 2010)
2.3 Fishing Gear for Catch Anchovy
Currently, the international standard for the classification of fishing tools .
Established by the Food and Agriculture Organization of the United Nations (United
Nation-Food and Agriculture Organization or UN -FAO) published in the FAO
Fisheries Technical Paper 222 Rev.1 “Definition and Classification of Fishing gear
categories "It classifies fishing gear into 12 categories: 1. Surrounding Nets, 2. Seine
Nets, 3. Trawl N ets 4. D redges, 5. Lift Nets, 6. Falling Nets, 7. Gillnets and
Entangling Nets, 8. Traps, 9. Hooks and Lines 10. Grappling and Wounding, 11.
Harvesting Gears, 12. Miscellaneous Gears(Macfadyen, Huntington, & Cappell,
2009)
The major benefits of fishing gear classification are development of statistical data
collection from similar characteristics of fishing equipment. The fisheries statistics
will be the basis for issuing fishery resource management measures. In particular, the
management of newly developed or modified fishery equipment replaces old fishing
tools that are not effective. The classification of fisheries equipment improves the
efficiency of fishery resource management to keep up with the changing conditions of
fisheries (Nédélec & Prado, 1990). Fishing equipment and marine fisheries resources.
There are 3 types of fishing gears licensed by the Department of Fisheries to
be able to fish anchovy fish: Anchovy falling net, Anchovy surrounding net, And
Anchovy lift nets.
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Table 1 : Type and number of anchovy fishing gears
Fishing Gears

Number of Vessels

Anchovy falling net

470

Anchovy surrounding net

155

Anchovy lift nets

8

Anchovy falling net
Fishing is used to lure the fish with light. When observing that there is enough
marine life around the vessel, the light will dim the lure of the fish around the vessel
(Suanrattanachai, Petchkamnerd, Saraphaivanich, Kamhongsa, & Khunnirong, 2003).
The only remaining light that lure fishes is attached to the light hanging rod on the
side to spread the nets and will continue to dim the light on this hanging rod until the
aquatic animals enter the center of the nets, so the release of the net from above to
cover it below. (Center, 2004)

Figure 4 : Vessel of Anchovy falling net
Anchovy surrounding net
Fishing by placing nets around the herd from the sides and closing the bottom
of the net to keep the fish in the nets or surrounded from the bottom of a group of fish
when recovering the nets to the bottom of the bag will use a swing scoop or pump to
suck fish up into the fishing vessel (Cunningham & Butterworth, 2006). Surrounding
nets with a purse line is a popular rounding net that is used today. This corded ring net
consists of a large number of shackles tied along the bottom or foot of the net (Otsuka
& Murakami, 2007). And a string came through these hoops, the bottom of the net, or
the foot of the net is wrapped up by a string to keep the fish in the net. (Center, 2004)
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Figure 5 : Vessel of Anchovy surrounding net
Anchovy lift nets
Lifting nets are made of net meat, the shape of the net is square or round and
resembles a bucket or a large size for the anchovy nets (Susanto, Irnawati, & Syabana,
2017), fishing is carried out in conjunction with the fishing motor vessel. (Center,
2004)

Figure 6 : Vessel of Anchovy lift nets
Fishing data
Catch data were obtained from the fishing logbook carried out by the
Department of Fisheries. The catch was conducted using anchovy falling net, anchovy
surrounding net, and Anchovy lift nets and the fish catch data consisted of fishing
date, position, and catch weight (kg).
The tracking information of the fishing vessels is recorded with a Vessel
Monitoring System (VMS), which reports the position by firing a position check
signal with the navigation satellite and reporting the location via communications
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satellites for fishing vessel owners and operators to know every 15 minutes to 1 hour.
After that, the vessel tracking information will be checked with the fishing
logbook by looking at the location from the GPS system note by the fisherman to
verify the accuracy in order to know the actual fishing point and then take the weight
of anchovy obtained from the fishing logbook are used for calculations.
The Data collection period is October 2018 - September 2019.
- Nonmonsoon in February - April
- Southwest monsoon in May - September
- Northeast monsoon in October – January
2.4 Vessel Monitoring System (VMS)
As EU countries monitor implementation of illegal, unreported and
unregulated fisheries control measures or the IUU fisheries, Thailand needs to
expedite such measures. To reduce the impact that may cause trade barriers and
impact on Thai income and economices in the future, the National Fisheries Policy
Committee Responsible for solving problems in the regulation of the illegal,
unreported and unregulated ( lilegal, Unreported and Unregulated ( IUU) Fishing)
fishing at the national level, and expedite the formulation of national plans to prevent,
deter and eliminate fisheries. Illegal, unreported and uncontrolled ( NPOA-IUU) by
defining missions and assigning statutory authority to relevant agencies to bring them
into action as quickly as possible. And expedite law enforcement to make Thai fishing
vessels from 30 gross tons Install a VMS to be able to control and monitor the fishing
operations of the vessel.
Under the IUU regulations of the European Union, in the implementation of
IUU fisheries control of Thai fishing vessels, the Department of Fisheries has created
a Vessel Monitoring System ( VMS) using a satellite system. This is another of the
action plans that the Department of Fisheries is accelerating to comply with
international standards. And in accordance with the principles of conservation and
management of marine resources, including to prevent and suppress offenders.
Control over illegal fishing and support the solution of IUU fisheries as well.
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Figure 7 : vessel monitoring system works
Vessel Monitoring System ( VMS)

means a system used for the

communication between a vessel operating at sea and the ship's owner and the VMS
on the shore. By transmitting electronic signals from instruments and equipment
installed on the fishing vessels (Embedded Tracking Unit (ETU)) and transmitting the
signal to the receiving unit installed, the instrument, receiver or system controller
located on the shore at the operation center (Monitoring & Controlling Center (MCC)
to indicate the current position of the ship. The speed and direction of the sailing ship
and data from sensors as well as recording various information in the past time, the
shipowner or the relevant officer can retrieve the historical information as needed
(Gerritsen & Lordan, 2011). The data are transmitted via GPRS ( General Packet
Radio Service) to the onshore receiver via GSM ( Global Service Mobile) Network,
usually automatically transmitted every 4 hours, 6 times a day or every 6 hours for a
total of 4. Times per day, the data or signals sent to the onshore operations center will
be converted and displayed on an electronic map or displayed on the computer screen
of the Operation Center. The ship owners can monitor their own ships or groups via
the Internet. Which is easy to use, these data can be retrieved and printed as a report.
The person who can retrieve the vessel information is the person who has the
username and password of that ship only. The recorded shipping route information
will be kept confidential according to the Official Information Act B.E. 2540.
In addition, the system is able to identify the surveillance area on the map and
can notify when a ship has entered the surveillance area for more than a specified
period in the event of an unexpected incident on the vessel. Fishermen on board can
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press the emergency button on the vessel to request help to the operation center. And
the ship's owner in order to contact the relevant departments to provide timely
assistance in the future. Alternatively, VMS Operations Center can send information
in the form of SMS (Short Message Service) to inform news or alarm to all ships in
the system.
2.5 Generalize Additive Models (GAMs)
The Generalized Additive Models ( GAMs) (Fox, 2002)

was the first

suggested model by Hasite and Tibsirrani in ( 1990) as a powerful tool in nonparametric regression analysis. Flexibility in determining relationships between
independent and dependent variables. Ability to search for functional variables that
provide appropriate curves, combining correlations instead of multiple parameters to
evaluate. Of dependent variables in each independent variable and create a curve by
calculating the sum of the smoothing function of the independent variable, the
dependent variable (Y) has an exponential family distribution model that differs from
the linear model. It is to use an independent variable ( X) as a requirement for the
model to be more suitable.
Knowledge of the abundance and dynamics of fish populations, basic goals for
effective fisheries management. It is important to know how environmental factors
affect the distribution of these populations. In 1991, ICES held a workshop on the
application of spatial techniques to acoustic survey data, in which a spatial statistical
method was discussed. The Generalized Additive Model ( GAM) GAM is a nonparameter regression technique that is not limited by linear and flexible relationships
regarding the statistical distribution of data(Swartzman, 1995).
2.6 Remote sensing and GIS for marine
Fish choose a more suitable habitat for feeding, shelter, reproduction and
migration. (Palacios, 2006)This fishing area changes regularly due to environmental
influences. Habitat features can drastically alter the fertility, distribution and presence
of fish populations(Selvin, 2012) .
The variations in environmental conditions could change the natural
fluctuations of the anchovy stock, especially in the coastal area where plankton is
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abundant. Therefore, information is rapidly needed on the effects of environmental
conditions related to anchovy distribution in the field for anchovy fishery
management purposes.
Water properties are key indicators of how effective the remote sensing
sensors can be used to monitor the marine environment. Formal classification of the
ocean waters is as follows: Type I, for extremely clear oceanic waters of low
productivity, Type II, for clear coastal waters, like those over coral reefs, typically
having more attenuation and Type III, for the turbid waters, as with many estuarine
waters. To imagine these classification schemes in ecological terms, if the secchi disk
depth is less than 2 m, optical remote sensing will observe only the top meter of the
water column.
The measurement of water properties is most developed for remote sensing of
open Ocean (Type I) beginning with ocean color sensors such as the NASA’s Coastal
Zone Color Scanner (CZCS) in 1978 followed by the Sea WiFS and MODIS sensors.
These sensors provide continuous standard ocean color products applied for
the regional and local understanding of aquatic ecosystems(Behrenfeld, 1997) .
2.7 Ocean satellite sensors
Currently, there are several sensors for measuring ocean color ( according to
Table 1) and many that have ended their service, such as OCTS, MODIS, OCM-2 and
VIIRS sensors ( Table 2) . However, the most prominent today is The MODIS
( Medium Resolution Imaging Spectroradiometer) sensor, the primary instrument
aboard NASA's Terra and Aqua satellites. Both MODIS instruments were able to
view the entire Earth's surface every 1 to 2 days, receiving data in 36 spectral bands at
250 m (1-2 band), 500 m (3-7 band) and 1000 spatial resolution. M (frequency band
8-36) (as detailed in table 3). These data can improve our understanding of the Earth's
dynamics and the processes taking place with the ocean's bio-optical properties, based
on knowledge of daily water radiation data. (At 1 km spatial resolution) And weekly
productivity product (at 4.6 km, 36 km and 1 ° resolution).
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Table 2 : Current ocean-color sensors.

Table 3 : Spectral bands of some ocean sensors in visible region (400 to 760 nm).
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Table 4 : Extended MODIS band suitable for ocean environmental studies.

2.7.1 Sea Surface Temperature (SST)
Accurate global SST measurements are critical to our understanding of past,
present and future climate conditions, now reliable forecasts and ocean conditions
forecasts. Satellite remote sensing is the best method of getting accurate SST in the
ocean every day until the time of its decline (Sobrino, El Kharraz, & Li, 2003).
NASA standard processing and distribution of sea surface temperature (SST) products
from MODIS sensors is performed using software developed by the Ocean Biology
Processing Group (OBPG). OBPG builds a Level 2 SST product using the MultiSensor Level-1 to Level-2 (l2gen) software, the same software used to create the
MODIS ocean color products, the SST algorithm and the quality assessment logic .
The MODIS science team, leading for SST (now P. Minnett and R. Evans from the
Rosenstiel School of Marine and Atmospheric Science (RSMAS) at the University of
Miami).
A past discussion on switching SST processing from MODAPS / DAAC /
RSMAS to OBPG with product comparison can be found here . At the time of the
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change, OBPG was able to demonstrate exact consistency with previous products .
However, the file formatting is now compliant with the OBPG specification.
The shortwave SST algorithm takes advantage of the MODIS 22 and 23
spectrums at 3.959 and 4.050 um. The luminance temperature is obtained from the
radiation observed by inversion. For l2gen, these correlations were pre-calculated for
the spectral response of each MODIS channel. HDF files to load at runtime.
In modest, the relationship of brightness with respect to the temperature of the
black body is calculated at runtime. The algorithm for calculating the shortwave SST
(sst4) from the observed luminance temperature. The long-wave SST algorithm uses
MODIS 31 and 32 bands at 11 and 12 um. The luminance temperatures are obtained
from the observed radiant emission by inversion. (In linear space) of the relationship
between the brightness and the temperature of the hull. For l2gen, these correlations
were pre-calculated for the spectral response of each MODIS channel, and then the
tables were stored in the HDF file for load at runtime. In modest, the correlation of
brightness versus temperature of the black will be calculated at runtime. Nonlinear
SST algorithms are optimized for two different systems based on differences in
brightness temperature. The algorithm for calculating the long-wave SST (sst) from
the observed luminance temperature is shown below. Support for the VIIRS mission
is currently underway.
2.7.2 Sea Surface Chlorophyll-A (Chl-A)
To calculate normalized water-leaving radiance, the radiance signal gained
through the satellite is corrected for atmospheric light-scattering and solar zenith
angle effects. Remote sensing reflectance calculated for each band is the fundamental
measure for use in optical remote sensing of ocean color. In parallel to its calculation
from satellite data, reflectance can also be measured in the field by shipboard and inw ater m ethods for use in calibration, m odel developm ent and validation .
Phytoplankton is the major source of color seen in deep ocean where chlorophyll-a is
its primary photosynthetic pigment (Constantin, Doxaran, & Constantinescu, 2016).
As green is less absorbed by chlorophyll-a than blue and red light, thus, the greener in
color of ocean water (or greener in the spectrum of backscattered sunlight) indicates
higher concentration of phytoplankton. As a consequence, there are several standard
algorithms being developed and validated for using satellite-based multi-spectral data
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to estimate chlorophyll-a data effectively(Horning, 2010) .
The existence of small marine fish can be predicted through physical and
biological indicators of the sea-surface environment. They are particularly vulnerable
to environmental fluctuations and global shifts, as their short lifespan means they
respond quickly to environmental changes. (Roy, 1989) SST and chl-a are the most
important oceanographic parameters and are often used to predict potential fishing
areas . (H. U. Solanki, 2005) The characteristics of SST and chl-a are very important
for the study of physical and biological conditions . (Saitoh, 2008)The ocean
environment that supports this parameter describes the ocean environment and the
availability of food resources in ecosystems to explore fisheries resources(Dien,
2006a).
The physical and biological processes in marine ecosystems are intensely interrelated
and differ depending on the region and time period. SST plays an important role in
global climate change(Tan, 2006) . The SST pattern in Indonesian regions clearly
shows the impact of the monsoon cycle, surface wind changes, the effects of complex
topography (D. Tang, Kawamura, H., Lee, M. A. & Dien, T. V., 2003) and the
connection between the Pacific and Indian oceans.
Satellite sensors can reliably provide SST and chl-a coverage of the world's oceans
with relatively high spatial and temporal resolution. This makes it possible to more
efficiently analyze the spatial and temporal distribution measured from space(L,
1991) . This is the only way to examine changes in marine ecosystems around the
world, (L, 1991) as there is only one way to view the simultaneous physical and
biological variations. The use of satellite imagery is an efficient and effective
alternative to onboard sampling methods that require cost, time and limited coverage.
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CHAPTER 3
DATA AND METHODOLOGY
We ask a permission to use information from the Department of Fisheries to
inspect licensed vessels for anchovies in the Gulf of Thailand using a vessel tracking
system to verify fishing spots. In the year of study, a total of 633 licensed vessels.
They were later plotted on the map to create a polygon where the vessel often goes
fishing in that location. Then examine other natural environmental factors that may
affect the existence of anchovies. And find the relationship of the environment to the
existence of anchovies with the GAM model.

Figure 8 : The process of methodology
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3.1 Materials and Data sets
Materials
1. Computer laptop
2. Microsoft Windows 10 (64-bit operating system)
3. ArcGIS 10.5.1
4. R programming
5. QGIS 3.2.1 Program

Data sets
Table 5 : Data inputs
Data needed

Data source

VMS

https://vms.fisheries.go.th/signin.php

SST

https://oceancolor.gsfc.nasa.gov/l3/

Chl-A

https://oceancolor.gsfc.nasa.gov/l3/

The data from the vessel tracking system is data that collects vessel positions
in the form of latitude and longitude, with location signals being transmitted every 15
minutes to 1 hour depending on the type of fishing gear. We have to cut off points that
are not involved in fishing, after which they can be used to map where the vessel is
fishing.
SST and Chl-A data from MODIS satellite use daily data from Level 3 by
loading data every day in a year and then use the R program to process images.
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3.2 Study area
The Gulf of Thailand (GOT) has a total area around 270,000 km

Figure 9 : Study area
The Gulf of Thailand is the inner waters of the South China Sea and is located
on the west side of the Pacific Ocean between latitudes ( latitudes) at 6 ° to 13.5 °
above the meridian ( longitude) at 99 ° to 105 °. East is a semi-enclosed bay
surrounded by the coast of the Malay Peninsula in the west and the land of Southeast
Asia in the north and east. The southeast part of the Gulf of Thailand is an open
channel between the tips of Laem Yuan. Vietnam and Kota Bharu City of Malaysia
Contact the South China Sea. The width is about 380 kilometers, the length is 810
kilometers and the widest part is 540 kilometers wide, deep into the bay(Robinson,
2004) . The sea surface of the Gulf is like a pan basin. The average depth is 44 meters.
The center of the deep bay is 86 meters deep. In the middle of the bay is
approximately 60 meters deep and has a narrow channel to the north that is drowned
river. A valley that had risen above the sea level in the ice age and can see traces of
ancient rivers connecting the rivers of the current land.
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3.3 Research method techniques
The educational process of this research was divided into three stages, Data
collections, Data analysis and Display of information.
1. Information Collection
1.1 Fisheries data
In this section, the information is divided into 2 parts: cruise route information
from the ship tracking system and the location data of the fishery and the weight of
the fish caught from the fishery logbook.
- The route information from the vessel tracking system must make a request
for permission of the Department of Fisheries to request information to be used for
research studies by sea route. It will be a record from the vessel tracking system
installed on the fishing vessel. Positions will be reported every 15 minutes - 1 hour
depending on the type of fishing gear conditions. That the Department of Fisheries
announced which can download information at https://vms.fisheries.go.th/signin.php
but access to the information in that section must have a unique access code which
requires permission from the Department of Fisheries.

Figure 10 : https://vms.fisheries.go.th/signin.php
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- Information on the fishing position and the weight of the fish caught from the
fishery logbook. The logbook is the logbook that the fisherman must write the fishing
log. While going out to fish. By recording the information will consist of the fishing
position where the operator will see the position from the GPS system installed on the
fishing vessel, time when fishing started, The time when the fishing ends, Types and
weight of fisheries. The commander has to bring a copy of the logbook to the
Department of Fisheries officials every time the vessel returns to the mooring point
before the fish are taken off the fishing vessel.

Figure 11 : Images obtained from the VMS system.
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Figure 12 : Logbook Picture

When you get information from these 2 parts, you will compare the data from
2 parts together. The route information when downloaded from the system will
display the data in Excel file format. Specified as a period and the position that is at
that moment since the vessels started leaving the port went out to fish and returned to
the port again, but the data that we want to use in this study is information on where
the vessels go fishing. Therefore, we have to extract the information to only the point
where the fishery was taken based on data from the logbook, which will record
specific fishing points. After that, other data points not related to fishing are
eliminated. Then put the data on the anchovy weight on the reported’ s point of
fishing.
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1.2 Satellite image data
Collect the secondary data of the satellite image. Terra/ Aqua-MODIS
Regarding Chlorophyll A data and sea surface temperature daily and choose to use the
data only during the day at Level 3. Using a picture of the Daily from October 1, 2018
to September 30, 2019, this information from NASA can be downloaded at
http://oceancolor.gsfc.nasa.gov/ Corrects geometric errors of every image and merge
photographs to display seasonal data. Using program R, select specific data for sea
surface temperature and chlorophyll A. Then cut the boundary of the image in the area.
The Gulf of Thailand as a study area

Figure 13 : http://oceancolor.gsfc.nasa.gov/
3.4 Data analysis
The data analysis used the Generalize Additive Model (GAM) to analyze the
relationship between Chl-a and SST to the source of the fishing vessel by using the R
program to evaluate correlation data.
Statistically, the General Additive Model (GAM) is a generalized linear model
in which linear response variables are based on the unknown smooth function of some
predictive variables, and attention is focused on inferencing about these smooth functions.
GAM was originally developed by Trevor Hastie and Robert Tibshirani to combine the
features of conventional linear models with complementary models. The model deals with the
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non-invariant response variable Y with some predictive variables xi. The exponential family
distribution is specified for Y (such as the normal, binomial, or Poisson distribution) along
with the g-link function (such as the identity or record function) that deals the expected value
of Y with a predictive variable through a structure, for example:

The fi function can be a function with a specified parametric format. (Such as
a polynomial or a variable-punitive regression curve) , or it could be labeled as nonparametric or semi-parametric, just as 'Smooth function' estimated by a non-parameter
way.

Figure 14 : Example program R display of information

So a typical GAM might use a scatterplot smoothing function, such as a local
weighted average for f1 (x1), and then use a factorization pattern for f2 (x2). The true
relationship between the response and the predictor provides better opportunities to
adapt to the data than purely parameterized models, but there is content that loses
interpretability.
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3.5 Presentation of information
The results will be compared for the three seasons: Northeast Monsoon, NonMonsoon, and Southwest Monsoon. Plot where the vessels are fishing on the map
showing that the seasonal average Chl-A and SST averages.
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CHAPTER 4
RESULT
This research is studying Spatial Temporal Distribution of Anchovy in the
Gulf of Thailand using MODIS satellite data and Vessel Monitoring System (VMS).
The objectives of this study are: 1.) To create map of anchovy catch using data from
VMS system during October 2018 - September 2019 in the Gulf of Thailand 2.) To
compare anchovy fishing areas in 3 different seasons (Northeast monsoon, Southwest
monsoon and Non-monsoon). 3.) To analyze the relationship between fish distribution
and environmental conditions. The results of the study can be presented as follows:
Part 1: Fishing locations of the Anchovies from anchovy fishing vessel
Part 2: Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon)
Part 3: Determining the fish distribution in relation to environmental conditions

Part 1: Fishing locations of the Anchovies from anchovy fishing vessel
The tracking information on the fishing vessels was recorded with VMS,
which reported the position of the vessels via navigation and communication satellites
every 15 minutes to 1 hour. Catch data were obtained from the fishing logbook
carried out by the Department of Fisheries. The information included types of fishing
gears (falling net, surrounding net or lift nets), fish catch data consisted of fishing
date, position, and catch weight (kg). The vessel tracking information was checked
with the fishing logbooks by comparing the locations from the GPS system noted by
the fishermen and those from VMS. This was used to check the accuracy of the actual
fishing points. The weight of anchovy obtained from the fishing logbook was used for
calculations.
We make anchovy fishing points of logbook data during 3 seasons (Northeast
monsoon, Southwest monsoon and Non-monsoon) to determine where fishing vessels
were operating in the Gulf of Thailand. Satellite data, Chl-a and SST were averaged
for 3 months for each season to be used in the analysis and presented in the results.
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1.1 Anchovy fishing ground (Black points) overlaid on Chl-a in the Gulf of
Thailand in 3 different seasons
1.1.1 Non-monsoon

Figure 15 : Anchovy fishing ground (Black points) overlaid on Chl-a in the Gulf of Thailand
in Non-monsoon
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1.1.2 Northeast monsoon

Figure 16 : Anchovy fishing ground (Black points) overlaid on Chl-a in the Gulf of Thailand
in Northeast monsoon
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1.1.3 Southwest monsoon

Figure 17 : Anchovy fishing ground (Black points) overlaid on Chl-a in the Gulf of Thailand
in Southwest monsoon
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Aqua MODIS satellite imagery shows the amount of chlorophyll -A at the
surface of the Sea. It was found to be higher during the northeast monsoon and low
doring the Northeast monsoon, notably on the east coast. Chlorophyll-A values are
higher in the upper Gulf of Thailand, near the estuary, which is on the north coast and
near the west coast of the central Gulf of Thailand and spread out into the upper Gulf
of Thailand. However, the value on the west coast of this season was low compared to
that of the Non-monsoon and Southwest monsoon.
During the Northeast monsoon, we found that Chl-a was high in the upper
Gulf of Thailand near the river mouths located in the northern coast and near the
western coast of the central gulf. During the Non-monsoon, we found that Chl-a was
less than during the Northeast monsoon, but Chl-a is spreading down to the bottom of
the river. In the Southwest monsoon, we found that Chl-a is less common and found
in the upper Gulf of Thailand near the river mouths located in the north.
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1.2 Anchovy fishing ground (Black points) overlaid on SST in the G ulf of
Thailand in 3 different seasons.
1.2.1 Non-monsoon

Figure 18 : Anchovy fishing ground (Black points) overlaid on SST in the Gulf of Thailand in
Non-monsoon
Anchovy fishing ground (Black points) overlaid on SST in the Non-monsoon
was lower than those in the Northeast monsoon and Southwest monsoon.
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1.2.2 Northeast monsoon

Figure 19 : Anchovy fishing ground (Black points) overlaid on SST in the Gulf of Thailand in
Northeast monsoon
SST along the coastline around the gulf was found to be higher than that in
other regions in 3 seasons.
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1.2.3 Southwest monsoon

Figure 20 : Anchovy fishing ground (Black points) overlaid on SST in the Gulf of Thailand in
Southwest monsoon
During the Southwest M onsoon, we found that SST w as highest than
Northeast Monsoon and Non- monsoon with high temperatures in the lower part of
the bay.
Anchovy fishing ground (Black points) overlaid on SST in the Gulf of
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Thailand in 3 different seasons found that SST in Non-monsoon was lower than those
in Northeast monsoon and Southwest monsoon. SST along the coastline around the
gulf was found to be higher than that in other regions in 3 sea sons. During the
Southwest monsoon found that SST was higher than Northeast monsoon and Nonmonsoon with high temperatures in the lower part of the bay.
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Part 2: Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon)
This section is a study on Compare the fishing positions in 3 different seasons
( Northeast monsoon, Southwest monsoon, and Non-monsoon) , containing
information 1) the amount of fish caught for each season 2) latitude of fishing
positions 3) Longitude of fishing positions. 4) Distance 5) velocity and the number of
data used for analysis was 1388 ( N = 1388) . The statistics used in the analysis
consisted of 1. Descriptive statistics were Minimum, Maximum, and Mean Std.
Deviation. 2) Inferential statistics were Paired Differences t-Test Statistic to compare
the differences in each season.
In this study, the comparison of points 1) the amount of fish caught for each
season 2) latitude of fishing positions 3) Longitude of fishing positions 4) Distance 5)
velocity classified by seasons. The results are as follows.
Table 6 : Mean and standard deviation of the amount of fish caught for each seasons.
N

Minimum

Maximum

Mean

Std.
Deviation

Non-monsoon

1338

6.00

1100.00

179.6719

186.38191

N o r t h e a s t 1338

6.00

2000.00

251.0284

254.14085

5.00

5000.00

380.7414

564.32019

monsoon
S o u t h w e s t 1338
monsoon
From table 6 Mean and standard deviations of the amount of fish caught for
each seasons found that the Southwest monsoon had the highest caught )Mean
380.7414(, followed Northeast monsoon )Mean 251.0284( and Non-monsoon (Mean
179.6719) respectively.
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Table 7 : Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the amount of fish that can be
caught.
Paired Differences
Seasons

Mean

S

t d

. S td . E rro r t

df

Sig.
(2-tailed)

Deviation

Mean

non - northeast -71.35650

291.06180

7.95714

-8.968

1337

0.000**

n

- -201.06951

570.49194

15.59630

-12.892

1337

0.000**

n o r t h e a s t - -129.71300

625.18863

17.09161

-7.589

1337

0.000**

o

n

southwest
southwest
** There was a statistically significant difference at the level of 0.01.
From Table 7 Compare the fishing positions in 3 different seasons (Northeast
monsoon, Southwest monsoon and Non-monsoon) classified by the amount of fish
that can be caught. It was found that in all three seasons there was a statistically
significant difference in the amount of fish that can be caught at a level of 0.01. The
results of the comparison of each pair can be shown as follows:
Nonmonsoon - Northeast monsoon has t–statistics is -8.968, Sig. (2-tailed) is
0.000 where the sig value is less than 0.01 shows that Non monsoon and Northeast
monsoon, there are different amounts of fish that can be caught. The difference is
equal to -71.35650.
Nonmonsoon - Southwest monsoon has t–statistics is -12.892, Sig. (2-tailed) is
0.000 where the sig value is less than 0.01 shows that Non monsoon and Southwest
monsoon, there are different amounts of fish that can be caught. The difference is
equal to -201.06951.
Northeast monsoon - Southwest monsoon has t –statistics is -7.589, Sig. (2tailed) is 0.000 where the sig value is less than 0.01 shows that Northeast monsoon
and Southwest monsoon, have different amounts of fish that can be caught . The
difference is equal to -129.71300.
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Table 8 : Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the latitude.
Seasons

Paired Differences
Mean

t

Std.

Std. Error

Deviation

Mean

df

Sig.
(2-tailed)

non - northeast

0.29189

2.11004

.05768

5.060

1337

0.000**

non - southwest

-0.30884

2.30744

.06308

-4.896

1337

0.000**

n o r t h e a s t - -0.60073

2.12051

.05797

-10.363

1337

0.000**

southwest
** There was a statistically significant difference at the level of 0.01.
From Table 8 Compare the fishing positions in 3 different seasons (Northeast
monsoon, Southwest monsoon and Non-monsoon) classified by the latitude. It was
found that in all three seasons there was a statistically significant difference in the
latitude at a level of 0.01. The results of the comparison of each pair can be shown as
follows:
Nonmonsoon - Northeast monsoon has t–statistics is 5.060, Sig. (2-tailed) is
0.000 where the sig value is less than 0.01 shows that the Non monsoon and Northeast
monsoon, have different latitudes. The difference is equal to 0.29189.
Nonmonsoon - Southwest monsoon has t–statistics is -4.896, Sig. (2-tailed) is
0.000 where the Sig value is less than 0.01 shows that Non monsoon and Southwest
monsoon, have different latitudes. The difference is equal to -0.30884.
Northeast monsoon - Southwest monsoon has t–statistics is -10.363, Sig. (2tailed) is 0.000 where the Sig value is less than 0 .01 shows that the Northeast
monsoon and Southwest monsoon, have differents latitude. The difference is equal to
-0.60073.
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Table 9 : Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the Longitude.
Paired Differences
Seasons

Mean

o

n

df

.02419

46.134

1337 0.000**

.93132

.02546

7.450

1337 0.000**

1.02536

.02803

-33.042

1337 0.000**

Std. Error

Deviation

Mean

1.11590

.88478

- 0.18968

non - northeast
n

t

Std.

Sig. (2-tailed)

southwest
n o r t h e a s t - -0.92622
southwest
** There was a statistically significant difference at the level of 0.01.
From Table 9 Compare the fishing positions in 3 different seasons (Northeast
monsoon, Southwest monsoon and Non-monsoon) classified by the longitude. It was
found that in all three seasons there was a statistically significant difference in the
longitude at a level of 0.01. The results of the comparison of each pair can be shown
as follows:
Nonmonsoon - Northeast monsoon has t–statistics is 46.134, Sig. (2-tailed) is
0.000 where the sig value is less than 0.01 shows that the Non monsoon and Northeast
monsoon have different longitudes. The difference is equal to 1.11590.
Nonmonsoon - Southwest monsoon has t–statistics is 7.450, Sig. (2-tailed) is
0.000 where the Sig value is less than 0 .01 shows that the Non m onsoon and
Southwest monsoon we different longitudes. The difference is equal to 0.18968.
Northeast monsoon - Southwest monsoon has t–statistics is -33.042, Sig. (2tailed) is 0.000 where the Sig value is less than 0 .01 shows that the Northeast
monsoon and Southwest monsoon have different longitudes. The difference is equal
to -0.92622.
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Table 10 : Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the distance.
Paired Differences
Seasons

non - southwest

Mean

-31.00421

n o r t h e a s t - 10.73079

df

Sig.

Std.

S td . E r ro r t

Deviation

Mean

154.29499

4.21817

-7.350

1337

0.000**

156.23498

4.27120

2.512

1337

0.012

186.84126

5.10793

8.171

1337

0.000**

(2-tailed)

southwest
non - northeast

41.73500

** There was a statistically significant difference at the level of 0.01.
From Table 10 Compare the fishing positions in 3 different seasons (Northeast
monsoon, Southwest monsoon and Non-monsoon) classified by the distance. It was
found that in all three seasons there was a statistically significant difference in the
distance at a level of 0.01. The results of the comparison of each pair can be shown as
follows:
Nonmonsoon - Northeast monsoon has t–statistics is -7.350, Sig. (2-tailed) is
0.000 where the sig value is less than 0.01 shows that the Non monsoon and Northeast
monsoon have different distances. The difference is equal to -31.00421.
Nonmonsoon - Southwest monsoon has t–statistics is 2.512, Sig. (2-tailed) is
0.012 where the Sig value is more than 0.01 shows that the Non m onsoon and
Southwest monsoon do not have different distances.
Northeast monsoon - Southwest monsoon has t–statistics is 8.171, Sig. (2tailed) is 0.000 where the Sig value is less than 0.01 shows that Northeast monsoon
and Southwest m onsoon have different distances. The difference is equal to 41.73500.
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Table 11 : Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the velocity.
Paired Differences
Seasons

Mean

Std. Deviation

Std. Error t

df

Sig.
(2-tailed)

Mean
non - northeast

-0.40446

2.79082

.07630

-5.301

1337

0.000**

non - southwest

-1.53997

3.40068

.09297

-16.564

1337

0.000**

n o r t h e a s t - -1.13550

3.80056

.10390

-10.929

1337

0.000**

southwest
** There was a statistically significant difference at the level of 0.01.
From Table 11 Compare the fishing positions in 3 different seasons (Northeast
monsoon, Southwest monsoon and Non-monsoon) classified by the velocity. It was
found that in all three seasons there was a statistically significant difference in the
velocity at a level of 0.01. The results of the comparison of each pair can be shown as
follows:
Nonmonsoon - Northeast monsoon has t–statistics is -5.301, Sig. (2-tailed) is
0.000 where the sig value is less than 0.01 shows that during the Non monsoon and
Northeast monsoon have different velocities. The difference is equal to -0.40446.
Nonmonsoon - Southwest monsoon has t–statistics is -16.564, Sig. (2-tailed) is
0.000 where the sig value is less than 0 .01 shows that the Non m onsoon and
Southwest monsoon have different velocities. The difference is equal to -1.53997.
Northeast monsoon - Southwest monsoon has t–statistics is -10.929, Sig. (2tailed) is
0.000 where the Sig value is less than 0.01 shows that the Northeast monsoon and
Southwest monsoon have different distances. The difference is equal to -1.13550.
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Table 12 : Summary of comparing the fishing positions in 3 different seasons
(Northeast monsoon, Southwest monsoon and Non-monsoon).
Seasons

A m o u n t o f Latitude

Longitude Distance

Velocity

fish
non - northeast

/

/

/

/

/

non - southwest

/

/

/

x

/

n o rth e a st - /

/

/

/

/

southwest
Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the amount of fish that can be
caught, latitude, longitude, distance and velocity. It was found that in all three seasons
there was a statistically significant difference in fish that can be caught, latitude,
longitude, distance and velocity that can be caught in a level of 0.01.
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Part 3: Determining the fish distribution in relation to environmental conditions
The relationship between anchovy distribution and environmental factors,
including SST and Chl-a was analyzed using GAM.
3.1 GAM-derived effect of model predictors (Chl-a and SST) in 3 seasons
3.1.1 Non-monsoon

Figure 21 : GAM-derived effect of model predictors (Chl-a and SST) in Non-monsoon indicates
the 95% confidence intervals.
The relative density of data points is shown by the rug plot on the x-axis. From figure
21: GAM-derived effect of model predictors (Chl-a and SST) in Non-monsoon indicates the
95% confidence intervals. In Non-monsoon found that determining the fish distribution in
relation to Chl-a and SST conditions.
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3.1.2 Northeast monsoon

Figure 22 : GAM-derived effect of model predictors (Chl-a and SST) in the Northeast monsoon
indicates the 95% confidence intervals.
The relative density of data points is shown by the rug plot on the x-axis. From
Figure 22: GAM-derived effect of model predictors (Chl-a and SST) in the Northeast
monsoon indicates the 95% confidence intervals. In the Northeast monsoon, we found
that determining the fish distribution in relation to Chl-a and SST conditions.
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3.1.3 Southwest monsoon

Figure 23 : GAM-derived effect of model predictors (Chl-a and SST) in the Southwest monsoon
indicates the 95% confidence intervals.
The relative density of data points is shown by the rug plot on the x-axis. From
Figure 23: GAM-derived effect of model predictors (Chl-a and SST) in the Southwest
monsoon indicates the 95% confidence intervals. In Southwest monsoon, we found
that determining the fish distribution in relation to Chl-a and SST conditions.
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3.2 Sum of anchovy catches (kg) per Chl-a and SST in 3 seasons
3.2.1 Sum of anchovy catches (kg) per Chl-a in 3 seasons

Figure 24 : Sum of anchovy catches (kg) per Chl-a in 3 season
In Non-monsoon, the frequency of fishing operation of Chl-a was <0.2-0.6
mg/m 3 and high catch weight was 0.21-0.40 mg/m 3 , In Northeast monsoon, the
frequency of fishing operation of Chl-a was <0.2-1.2 mg/m 3 and high catch weight
was 0.21-0.40 mg/m 3. In Southwest monsoon, the frequency of fishing operation of
Chl-a was <0.2-0.8 mg/m3 and high catch weight was 0.21-0.40 mg/m3.
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3.2.2 Sum of anchovy catches (kg) per SST in 3 seasons

Figure 25 : Sum of anchovy catches (kg) per SST in 3 seasons
In Non-monsoon, the frequency of fishing operation of SST was 28.5-29.5 °C
and high catch weight was 29.0-29.5 °C. In Northeast monsoon, the frequency of
fishing operation of SST was 28.5-30.5 °C and high catch weight was 29.5-30.0 °C. In
Southwest monsoon, the frequency of fishing operation of SST was 29.0-31.5 °C and
high catch weight was 30.0-30.5 °C.
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CHAPTER 5
CONCLUSION AND DISCUSION
This research is studying Spatial Temporal Distribution of Anchovy in the
Gulf of Thailand using MODIS satellite data and Vessel Monitoring System (VMS).
The objectives of this study are: 1) To create map of anchovy catch using data from
VMS system during October 2018 - September 2019 in the Gulf of Thailand 2) To
compare anchovy fishing areas in 3 different seasons (Northeast monsoon, Southwest
monsoon and Non-monsoon) and 3) To analyze the relationship between fish
distribution and environmental conditions. The conclusion and discussion of the study
can be presented as follows.
5.1 Conclusion
Fishing locations of the Anchovies from anchovy fishing vessel
Aqua MODIS satellite imagery shows the amount of chlorophyll-A at the
surface of the Sea. It was found to be higher during the northeast monsoon and low
during the Northeast monsoon, notably on the east coast. Chlorophyll-A values are
higher in the upper Gulf of Thailand, near the estuary, which is on the north coast and
near the west coast of the central Gulf of Thailand and spread out into the upper Gulf
of Thailand. However, the value on the west coast of this season was low compared to
that of the Non-monsoon and Southwest monsoon. During the Northeast monsoon, we
found that Chl-a was high in the upper Gulf of Thailand near the river mouths located
in the northern coast and near the western coast of the central gulf. During the Nonmonsoon, we found that Chl-a was less than during the Northeast monsoon, but Chl-a
is spreading down to the bottom of the river. In the Southwest monsoon, we found
that Chl-a is less common and found in the upper Gulf of Thailand near the river
mouths located in the north. Anchovy fishing ground (Black points) overlaid on SST
in the Gulf of Thailand in 3 different seasons found that SST in the Non-monsoon was
lower than those in the Northeast monsoon and Southwest monsoon. SST along the
coastline around the gulf was found to be higher than that in other regions in 3
seasons. During the Southwest monsoon, we found that SST was higher than
Northeast monsoon and Non-monsoon with high temperatures in the lower part of the
bay.
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Figure 26 : Spatial distribution of anchovies according to VMS data suggests that
anchovies be found in the Gulf of Thailand in 3 different seasons
Compare the fishing positions in 3 different seasons ( Northeast monsoon,
Southwest monsoon and Non-monsoon)
Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the amount of fish that can be
caught. It was found that in all three seasons there was a statistically significant
difference in the amount of fish that can be caught at a level of 0.01.
Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the latitude. It was found that in
all three seasons there was a statistically significant difference in the latitude at a level
of 0.01.
Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the longitude. It was found that
in all three seasons there was a statistically significant difference in the longitude at a
level of 0.01.
Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the distance. It was found that in
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all three seasons there was a statistically significant difference in the distance at a
level of 0.01.
Compare the fishing positions in 3 different seasons (Northeast monsoon,
Southwest monsoon and Non-monsoon) classified by the velocity. It was found that in
all three seasons there was a statistically significant difference in the velocity at a
level of 0.01.

Determining the fish distribution in relation to environmental conditions
The relative density of data points is shown by the rug plot on the x-axis. From
GAM-derived effect of model predictors ( Chl-a and SST) in the Non-monsoon
indicates the 95% confidence intervals. In Non-monsoon, found that determining the
fish distribution in relation to Chl-a and SST conditions.
The relative density of data points is shown by the rug plot on the x-axis. From
GAM-derived effect of model predictors (Chl-a and SST) in the Northeast monsoon
indicates the 95% confidence intervals. In the Northeast monsoon, we found that
determining the fish distribution in relation to Chl-a and SST conditions.
The relative density of data points is shown by the rug plot on the x-axis. From
GAM-derived effect of model predictors ( Chl-a and SST) in Southwest monsoon
indicates the 95%

confidence intervals. In the Southwest monsoon found that

determining the fish distribution in relation to Chl-a and SST conditions.
In Non-monsoon, the frequency of fishing operation of Chl-a was <0. 2-0. 6
mg/m3 and high catch weight was 0.21-0.40 mg/m3, In the Northeast monsoon, the
frequency of fishing operation of Chl-a was <0.2-1.2 mg/m3 and high catch weight
was 0.21-0.40 mg/m3. In Southwest monsoon, the frequency of fishing operation of
Chl-a was <0.2-0.8 mg/m3 and high catch weight was 0.21-0.40 mg/m3.
In Non-monsoon, the frequency of fishing operation of SST was 28.5-29.5 °C
and high catch weight was 29.0-29.5 °C. In the Northeast monsoon, the frequency of
fishing operation of SST was 28.5-30.5 °C and high catch weight was 29.5-30.0 °C.
In Southwest monsoon, the frequency of fishing operation of SST was 29. 0-31. 5 °C
and high catch weight was 30.0-30.5 °C.
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Table 13 : GAM model derived effect of predictors (Chl-a and SST) in 3 difference
seasons indicate the 95% confidence intervals. In determining the fish distribution in
relation to Chl-a and SST conditions.
Environmental

Non-monsoon

Southwest monsoon

Northeast monsoon

Chl-a (mg/m3)

0.21-0.40

0.21-0.40

0.21-0.40

SST (°C)

29.0-29.5

30.0-30.5

29.5-30.0

variables

5.2 Discussion
Spatial distribution of anchovies according to VMS data suggests that
anchovies be found in the Gulf of Thailand in both dry and wet seasons. The fisheries
area differed seasonally due to the different anchovy distribution. In the wet season,
the Gulf of Thailand is influenced by the southwest monsoon which prevails over
Thailand from mid-May to mid-October. This monsoon brings moist air masses from
the Indian Ocean to Thailand, causing cloudy and common rainfall, especially around
the coast. As a result, this season has higher Chl-a than the dry season, especially in
coastal areas. In line with the study of Marine surface chlorophyll-A studies such as
Dien & Hai(Dien, 2006b) , Tan et al. (Tan, 2006) and Tang et al. (D. Tang,
Kawamura, H., Lee, M. A. & Dien, T. V. , 2003) . Food chains in water bodies are
therefore used as indicators of abundance at sea. For example, in the open sea, there is
a low content of plankton due to nutrient deficiency, resulting in low fertility, but in
coastal areas or upwelling areas, are rich in nutrients, making phytoplankton
abundance indicates the abundance and abundant aquatic resources of the area.
From the result of study, found that, the frequency of fishing operation of Chla was <0.2-1.2 mg/m3 and high catch weight was 0.21-0.40 mg/m3 in 3 seasons. When
the fishing sites from VMS data were overlaid with the Chl-a map, it was found that
the anchovy fishing spots were not in high Chl-a area. A study by Wang et al. (Wang,
2010) found that high Chl-a concentrations are unsuitable for fish because they create
a high water density, which reduces the oxygen content in the water. However, Chl-a
is an important indicator associated with the formation of areas where small marine
fish concentrate foraging(Lanz, 2009) .
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From the result of study, found that, the frequency of fishing operation of SST
was 28. 5-31. 5 °C and high catch weight was 29. 0-30. 5 °C in 3 seasons. It was
suggested that SST has the greatest influence on fish distribution. Previous studies
have also indicated that SST is an indicator of fish aggregation and
migration(Zainuddin, 2011) . This present study also found that SST had a higher
influence on fish distribution compared to Chl-a. However, Chl-a is essential as a
food source for fish survival. Therefore, both parameters are critical for fish
production.
The Department of Fisheries has imposed a ban on the use of certain fisheries
that could affect the breeding of marine breeders in the Gulf of Thailand. This is a
measure of aquaculture resource management during the spawning season from midFebruary to mid-May. The major goal is to maintain and restore aquatic animal
resources on the central coast of the gulf.

The measure covers an area of

approximately 27,000 square kilometers, resulting in no fishing vessels in this area
during the rainy season.
GAM is an important tool in the study of relationships between oceanographic
factors and the distribution of anchovies, as the expected relationships are often nonlinear. GIS techniques were also used to analyze the distribution of small marine
fish(Castillo J., 1996) . We found that the environmental influence on the distribution
of anchovies could be assessed according to statistical criteria. Therefore, the
environmental factors involved in anchovy infestation become extremely important to
understand the habitat needs.
The current study provides information and advice on the impact of
environmental factors on anchovy proliferation for use in fisheries and sustainable
management. Future work needed to be combined with other factors that may affect
fertility and distribution of anchovies that were not considered in this study. Factors to
consider include a large number of zooplankton associated with the location of the
anchovies as they are linked to the density of zooplankton as well as wind direction
that may influence the distribution of the anchovies.
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5.3 Recommendations
5.3.1 Research recommendations
The distribution of anchovies based on VMS data and the relationship between
fish catches and environmental factors including Chl-a and SST in the Gulf of
Thailand during dry and wet seasons of 2019 was concluded that:
1. The relative density of data points is shown by the rug plot on the x-axis.
From figure 4.7: GAM-derived effect of model predictors (Chl-a and SST) in the
Non-monsoon indicates the 95% confidence intervals. In Non-monsoon, found that
determining the fish distribution in relation to Chl-a and SST conditions.
2. The relative density of data points is shown by the rug plot on the x -axis.
From Figure 4.8: GAM-derived effect of model predictors (Chl-a and SST) in the
Northeast monsoon indicates the 95% confidence intervals. In the Northeast monsoon,
we found that determ ining the fish distribution in relation to Chl -a and SST
conditions.
3. The relative density of data points is shown by the rug plot on the x -axis.
From Figure 4.9: GAM-derived effect of model predictors (Chl-a and SST) in the
Southwest monsoon indicates the 95 % confidence intervals. In the Southwest
monsoon, we found that determining the fish distribution in relation to Chl-a and SST
conditions.
4. In Non-monsoon, the frequency of fishing operation of Chl-a was <0.2-0. 6
mg/m3 and high catch weight was 0.21-0.40 mg/m3, In the Northeast monsoon, the
frequency of fishing operation of Chl-a was <0.2-1.2 mg/m3 and high catch weight
was 0.21-0.40 mg/m3. In the Southwest monsoon, the frequency of fishing operation
of Chl-a was <0.2-0.8 mg/m3 and high catch weight was 0.21-0.40 mg/m3.
5. In the Non-monsoon, the frequency of fishing operation of SST was 28. 529. 5 °C and high catch weight was 29. 0-29. 5 °C. In the Northeast monsoon, the
frequency of fishing operation of SST was 28.5-30.5 °C and high catch weight was
29. 5-30. 0 °C. In Southwest monsoon, the frequency of fishing operation of SST was
29.0-31.5 °C and high catch weight was 30.0-30.5 °C.
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The results of this study can be used as a guideline for fishing planning of ship
operators in the future since the determination of fish distribution was related to the
Chl-a and SST conditions and in the 3 seasons were similar.
5.3.2 Proposal for the next study
This study was a study on the factors of Chl-a and SST, which investigated the
relationship between these variables and the amount of fish caught. There may be
other variables that have a relationship. Therefore, other variables should be studied
as well. Therefore, in the next study, other relevant variables should be studied.
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