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Abstract

Industrial revolution 4.0 is a transition from manual process to automation processes were based on
computer technology capabilities. Technological development towards the use of the Internet of Things
(1oT) and Big Data must begin with the digitization process in all sector, including fisheries and
aquaculture. Digitization in fisheries has brought many changes to the process of cultivation and catching
fish. Time, cost, and labor efficiency are the main advantages of digitizing fisheries. The purpose of this
paper is to determine the extent to which the digitization in fisheries, especially aquaculture, the method
used in this paper is systematic literature review. The process of digitizing aquaculture can be seen from
various aspects, including pre-production aspects (determination of cultivation locations using GIS),
production aspects (using automatic feeders and automatic water quality testing tools can improve
resource efficiency), and post-production aspects (utilization of digital marketing).
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1. Introduction

The industrial revolution 4.0 was a period where there is an automation process based on the
ability of computer technology. Industrial revolution 4.0 has the aim of introducing and
creating smart factories whose activities are improved and transformed by technology using
CPSs (Cyber-Physical system), loT (Internet of Things), and big data M. 0T is a term
introduced by Kevin Ashton in 1999 with the basic concept of computing that allows an object
(or thing) to hear, see, think and work by utilizing information in making a decision [,
Technological developments towards 10T and big data must begin with the digitization process
in all fields, including fisheries.

Digitization in fisheries has brought many changes to the way of cultivation and catching fish.
Time, cost, and labor efficiency are the main advantages of digitizing fisheries. Digitization of
fisheries had started since the emergence of the industrial revolution 3.0 in 1969 there was a
transition from manual to automatic production processes by utilizing electronic tools and
information technology [, the application of GPS (Global Positioning System) or the remote
sensing system as a satellite-based navigation system used on fishing vessels Fl. The
development of science and technology has made the world borderless, exchange of
information and even data between countries has become more accessible in a concise time.
Digitization in fisheries aims to prevent IUU fishing, managing of fishing areas, optimize land
conditions, mapping of aquaculture area, and even make labor efficient.

As a maritime country with abundant fishery resources, Indonesia must to take advantage of
digitization and even participate in technology development, especially in fisheries that aims to
maximize the potential of existing resources. In addition, it is also necessary to have a record
of the digitization of fisheries in Indonesia to becomes an illustration of the use of technology,
especially in aquaculture. The utilization of technology to determine the location of cultivation
by application GIS ™ is an effort to increase efficiency, reduce environmental impacts and
plan sustainable cultivation activities. After the cultivation location is determined, the
application of technology is continued in the cultivation process such as the use of automatic
feeders 15 61, and automatic monitoring water systems [l to increase production, increase the
feeding conversion ratio and provide real-time water quality data. This paper aims to know and
provide information about the description of digitization and the use of 10T in fisheries,
especially aquaculture.
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2. Method

The method used in writing this literature review is a
systematic and explicit method to analyze, identify and
synthesize the data that has been collected in accordance with
the topic of writing [®l. The data was carried out in October-
December 2021. The data type is secondary data obtained
based on previous research and writings. The secondary data
can be sourced from reputable national and international
journals and other supporting books. Data search is done by

http://www.fisheriesjournal.com

utilizing databases from websites such as Google Scholar,
Google Books, ScienceDirect, and Elsevier.

Search literature using keywords that are following the topic
of writing, including the Internet of Things (IoT), Fisheries,
Aquaculture, Digitization, Big Data, Industrial Revolution,
Automatic Feeder, Feed, Online Marketing, Marketplace and
Geographic Information Systems. Inclusion and exclusion
criteria used data sources consist of (table 1):

Table 1: Inclusion and Exclusion Criteria

Criteria Inclusion

Exclusion

General Topics
aquaculture

Studied that provide 10T, big data, technology, and digitization in

Studied that out of technological support in
aquaculture

Study Design All types of studies -
Publication - —_—
Years Journals and books with publications after 1993 Journals and books before 1993
Language Indonesian and English Outside Indonesian and English

Publication type

Acrticles published in national and international journals

Avrticles published but no available source

The articles from search strategies were filtered with inclusion
and exclusion criteria, there were 32 articles according to the
topic of writing, and then there were two articles that were not
published in national or international journals. Based on the
inclusion and exclusion criteria, the final selection are 30
articles can be used in this paper.

3. Results and Discussion

3.1 Definition of Digitization in Fisheries Sector

The development of science in communication and
technology affected to fishery activities. Trendov ! state that
digitization is a solution created by the industrial revolution
4.0, this is because the fisheries sector is part of agri food
which must ensure the creation of food security to meet the
needs of 9.6 billion people in 2050. Multiple forms of
digitization in fisheries sector, must be used to access the
latest information, know market developments, calculate input
and output, and increase production to make fisheries
activities more efficient, both in terms of economy, labor, and
time.

The Internet of Things (IoT) is a concept that allows various
objects to communicate with each other, exchange
information, and even make joint decisions by utilizing
information technology and computational processes 2. The
term 1oT has been known since 1999 and was presented by
Kevin Ashton, the founder of the MIT Auto-1D Center. There
were three categories regarding the definition of 10T, namely
the interaction via the internet between people to people,
people to machines, and machine to machine. The purpose of
IoT is to allow an object to be connected anytime and
anywhere, with anything and anyone who uses various
networks to make human activities easier 1%,

De Mauro M was stated that the notion of big data is a
collection of information that has the character of a high
volume, velocity and variety of data that requires technology
and specific analytical methods to transform it into something
more valuable. The digitization process started with a massive
transformation from analog signals to digital signals in the
early 1990s. Analog signals that have been transformed into
digital format, will be structured into a data set structure.
Currently, big data technology has developed very rapidly,
this development was triggered by three main factors
consisting of a) the rapid development of data storage
capabilities, b) the rapid development of data processing
engine capabilities and c) the abundance of data availability
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(12 The utilization of the internet of things and big data has
been widely carried out in various sectors, one of which is
aquaculture.

3.2 Utilization of Digitalization in Aquaculture Sector
Aguaculture

3.2.1 Determination of Locations with GIS

As previously explained, fishery digitization is an effort to
increase productivity and streamline existing resources.
Remote sensing is used to find potential locations for fishing
and can also be applied to determine the suitability of
aquaculture locations. Determination of location aims to
increase the efficiency of time and existing resources. Maeden
& Aguilar-Manjarrez ™31 stated that the development and
exploration of GIS systems experienced a huge increase in the
early 1995s, because geospatial investigation was increasingly
crowded, and used in various fields of study. Furthermore, the
use of GIS for fisheries is an attempt to increase the success
of fishery activities and some of the data needed to determine
the success of production include economic aspects, social
aspects, physical or biological aspects and sustainability
aspects 131,

The use of GIS has been widely carried out in various fields
of study because GIS can analyze, organize, and display a
wide variety of spatial data M. The selection of aquaculture
location needs to be based on physical, chemical, and
biological qualities that will obtain sustainable aquaculture.
The data of environmental quality and land suitability will be
presented in a thematic map to make it easier to read and
understand the results of data interpretation [%. The
advantage of using GIS in determining the location of
aquaculture is that it obtains more comprehensive and detailed
data so that it helps in planning aquaculture activities,
resource management, and land used.

Determination of the location is crucial in aquaculture
because the ideal area will increase the efficiency of
cultivation activities and reduce environmental impacts due to
cultivation activities [ 6, The application of GIS combined
with multi-criteria decision making methods (MCDM) would
result in the optimum location for aquaculture activities,
because the combination of GIS and MCDM will produce
more data to improve quality of final decisions [17],
Digitization in the pre-cultivation phase will obtain more
mature, comprehensive, and long-term planning of
aquaculture activities.



http://www.fisheriesjournal.com/

International Journal of Fisheries and Aquatic Studies

3.2.2 Utilization of Automatic Feeder Technology

Sandra (81 and Andriani ! stated that in aquaculture
activities, feed is the most important thing that determines the
success of aquaculture activities because the availability of
feed spend 60-70% of production costs. Based on these
several things, the provision of feed to aquaculture
commodities must be carried out as efficiently as possible,
both in terms of quantity, quality, and the method of
appropriation of feed. Technological advances made
modernization and more efficient fish farming activities by
presenting automatic feeders. An automatic feeder is a tool to
provide fish feed automatically which can be controlled based
on time 2%, water temperature [, telephone calls 2?1, feeding
behavior [, self-feeding ?* €, acoustic feedback [ %I and
mobile robotics 261,

Karunia & Marinasari 1 stated that an automatic feeder
could suppress externalities from cultivation activities is to
providing measurable feed using an automatic feeder.
Rahayani & Gunawan[?” designed an automatic feeder device
using a microcontroller to throw feed and regulated based on
the schedule was set before automatic feeder has applied. The
microcontroller can also notify farmers when the feed storage
container has run out. Another study uses water temperature
to control automatic feeders . The automatic feeder
developed because the growth rate and fish appetite can be
affected by the state of the water temperature. An automatic
feeder controlled by water temperature can regulate the time
and amount of feed given to cultivated commodities with the
results of the analysis carried out by the microcontroller.
Suratno 1?2 designed an automatic feeder controlled by phone.
The phone assembled in an automatic feeder would turn on
when there was an incoming call, which would then provide
an electric voltage to drive the dynamo, and feed
automatically may fall into the cultivation tank.

Zhou 2% ytilize a camera used as machine vision to determine
the feeding activity of cultivated species. The images obtained
through the camera will be processed and analyzed by the
microcontroller to extract behavioral indicators, if the fish in
the tank swim around and no reaction to the feed, the
microcontroller sends an instruction to stop the feeding
machine. The result shows that the use of automatic
feeders programmed based on the fish behavior can reduce
feed residues so that the impact on water quality is more
maintained and make feeding more efficient. Noble [
designed an automatic feeder controlled by fish or named by
self-feeder. Self-feeder was using a switch with orange bead,
a diameter of 5 mm, and placed in the middle of the culture
container. When the fish pulls the bead, it will activate the
SS-5GL sensor to rotate the feed storage container by 90° so
that the feed will go down to the culture container. Pratiwy [6]
conducted a study by comparing the growth quality of fish
using a self-feeder indoors and outdoors. The results found
that the application of a self-feeder is an effective method for
use in tilapia farming with the requirement that the water
temperature must be warm enough (24-26 °C) to maintain the
physiological condition of tilapia.

In contrast to Zhou, research conducted by Napaumpaiporn !
and Ullman 2 used a hydrophone to regulate the feeding
carried out by the automatic feeder. The automatic feeder is
designed to use a sound detection device in the water
(hydrophone) to determine the level of feed consumption by
aquaculture commodities by utilizing the sound produced
when fish or shrimp are eating 1. However, the automatic
feeder is only used from 07.00 to 19.00 because the

~20~
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hydrophone cannot detect sound when the aerator is turned on
5], Both studies state that the use of automatic feeders using
acoustic feedback has a significant growth rate and
effectiveness feeding compared to feeding using an automatic
feeder regulated by schedule.

Various kinds of innovations in feed technology have been
developed to increase production of aquaculture commaodities
and reduce the negative impact of inedible feed waste. In
most of today's commercial fish farming, feeding
technologies such as automatic feeders have been widely
used. Using an automatic feeder, errors in how to feed
manually that are stocked can be avoided. In other words, this
tool is very effective in improving feed management. Self-
feeding or demand feeder is modified from the automatic
feeder. This feeding method utilizes the fish's appetite based
on the fish's diet. The automatic feeder aims to decrease feed
conversion, better growth rate, and reduce uneaten feed.
Several studies have been conducted to support this claim,
such as the European Seabass (Dicentrarchus labrax) [,
Yellowtail (Seriola quinqueradiata) (29], and
Tilapia (Oreochromis niloticus) %,

Using robots to make human activities easier is the goal of the
3.0 industrial  revolution.  Utilizing  technological
developments, Von Borstel 1?8 designed a robot that functions
to replace human tasks in feeding in aquaculture activities.
The mobile robot (MR) is a device that moves on a rail
(monorail) with four wheels, providing in the form of
quantity, location of ponds or tank, and feeding time is
programmed into the MR before applied. Furthermore, MR
can perform its duties in automatic mode (using an embedded
program) or supervised mode (by utilizing the internet
connection to the computer). The use of this feeding robot is
an effort made to facilitate fish farming or research activities,
minimize errors, especially in research activities and increase
the efficiency of aquaculture activities.

Water Quality
Monitoring system

Geographic
Information System

e U U U U G U Uy Gy U U U U U U g G ————

Source: Von Borstel (261 (Modified)

Fig 1: Utilization of 10T in Aquaculture

3.2.3 Automatic Water Quality Testing

In addition to the availability and good quality of feed, the
success of aquaculture activities is also largely determined by
water quality. Hu [BY explained that protecting the
environment and ecological aspects by maintaining water
quality is crucial to ensure that aquaculture activities are more
efficient. Good water quality in aquaculture activities will
support fish growth and reduce the likelihood of fish getting
the disease [¥3. Several parameters that must be known to
ensure the success of aquaculture activities include dissolved
oxygen (DO), pH, temperature, ammonia, nitrate, and salinity
(for aquaculture activities in brackish-sea waters) [,
Furthermore, Simbeye & Yang [ explained that these
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parameters need to be known because they have a significan
influence on the success of aquaculture, such as temperature
affects fish growth and appetite, DO affects growth, stress
levels, activity, and mortality of fish. pH affects the toxicity
of ammonia because high pH (alkaline conditions) will
increase the toxicity of anionic ammonia.

Real-time data is an essential tool that must be had in
intensive aquaculture systems because a slight water change
will affect fish physiology Y. An automatic water quality
monitoring system with real-time conditions is necessary to
support aquaculture success. Various studies were conducted
to improve the ability to monitor water quality. Zhu [,
Simbeye & Yang %, and Hongpin B4 built technology to
control water quality using network wireless. Lopez [
designed a monitoring tool by utilizing open-source
hardware at a low price. Tolentino 2 built the water quality
monitoring system with 1oT.

These studies give the same results. The application of an
automatic water quality monitoring system makes aquaculture
activities easier because water quality data will be reported
continuously that be required to make a decision. These data
are provided to decide stage to do, add or reduce feeding,
increase or decrease fish density and make water change or
not. Thus, fish farming activities will be more efficient and
effective with the digitization of water quality control.

3.2.4 Selling Aquaculture Products in Online Market
Transformation is not only in pre-and cultivation activities as
determining aquaculture locations using GIS, smart
aquaculture, automatic feeders, and automatic water quality
monitoring system but also post-cultivation activities
specifically in the marketing of aquaculture products. The
development of information and technology makes the market
move to the online market or named e-commerce. The online
market can reduce prices in the supply chain, increase profits
for fish farmers and expand the market share of aquaculture
products €. Online marketing is a perfect solution for
disseminating aquaculture products because Indonesia had
more than 100 million social media users 1 so this will be a
big opportunity in product marketing.

Digital product marketing is a solution to the problem of
marketing agricultural products in Indonesia, which is known
for its long supply chain and affects the selling price of these
products. However, in addition to influencing the supply
chain of a product, it turns out that online marketing activities
also affect consumer behavior, this is explained by Muninggar
& Aulia B8 in their research which states that 60% of
respondents choose to shop for aquaculture products through
online marketing because it is more practical, 67 % satisfied
with the price range and quality of products offered through
online marketing and 89% of respondents made product
purchases again. This shows that online marketing can
become a marketing channel that has the potential to continue
to be developed by increasing practicality and competitive
prices and product quality.

4. Conclusion

Advances in science, technology, and information make
human activities easier, including in the aquaculture sector.
Digitization in aquaculture leads to an efficiency of time,
resources, and cost of productions, minimizes the externalities
of aquaculture activities, and increases aquaculture
production. The process of digitizing aquaculture can be seen
from various aspects, including the pre-production aspect,
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where the activity of determining the location of aquaculture
using GIS can provide more comprehensive results, more
mature planning and can be applied in the long term, based on
the production aspect, where aquaculture activities by
utilizing the automatic feeder and automatic water quality
testing tools can increase resource more efficient, reduce the
amount of uneaten feed, maintain water quality and increase
aquaculture production, while the post-production aspect of
using digitization in marketing provides added value to sales
including more practicality, cheaper prices and guarantee
product quality.
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