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Abstract

Cyanide fishing, ghost fishing, explosive fishing and
other destructive practices are already impacting the
reefs and the scenario may get worsened by climate
change. As a result of climate change, coral
bleaching and coastal erosion is taking place,
because of the drastic change in the oceanographic
conditions, such as currents, salinity, surface water
temperature and waves. Increase in temperature and
salinity are particularly harmful to corals, marine
fish, and benthic organisms associated with reefs. In
order to address the impacts of climate change, it
is necessary to develop adaptive measures. As a
means of restoring reef ecosystems deteriorated by
exploitation, natural calamities and climate change,
artificial reef deployment is being investigated as an
adaptive strategy. As part of this study, artificial
reefs were deployed in the Pacific Ocean in North
Bali, Indonesia in assistance with the reef restoration
activities by the non-governmental organization
LINI (Yayasan Alam Indonesia Lestari) Aquaculture
and Training Centre (LATC). Three types of artificial
reefs were constructed (Roti buaya, Shrimp pots and
Fish domes). Fish and corals were less abundant in
places where these structures were deployed. All
deployed structures were found to be thriving with
coral and fish species after deployment. The

deployment strategy of artificial reefs was effective
in creating microhabitats.

Keywords: Roti buaya, shrimp pot, fish dome,
adaptive strategies, reef conservation, coral reef

Introduction

One of the biggest problems faced by all living
organisms is climate change. By 2100, the tempera-
ture is projected to rise by up to 6.4 oC, posing
serious environmental problems for our ecosystems
(IPCC, 2007). The effects of climate change on
fishing communities will rely on the susceptibility
of the ecosystems and target species, as well as the
capacity of the fishermen to adapt to the shift
(Grafton, 2010). The ecological regions that host fish
populations are especially susceptible to the effects
of climate change (Brown et al., 2010). Climatic
changes have an impact on every aspect of the
planet, including the environment, living things,
community and population patterns (McCarthy,
2001; Walther et al., 2002; Fukasawa et al., 2004).
Climate change threatens the viability of marine
fisheries and is predicted to exacerbate already-
existing biophysical, social, and economic con-
straints (Cochrane et al., 2009). Dredging, reclama-
tion, pollution, diseases, pests (boring sponges and
bivalves), cyclones, erosion, siltation, diseases, pests,
indiscriminate exploitation of corals and the asso-
ciated flora and fauna, algal blooms, and global
warming are additional natural processes that have
threatened the reef ecosystem (Korakandy, 2008).
The sustainability problems that the reefs currently
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encounter due to cyanide fishing, ghost fishing,
explosive fishing, and other damaging practices are
made worse by climate change. The effects of
climate change include coral bleaching, variations in
sea and air surface temperatures, coastal erosion,
and modifications to oceanographic conditions such
as currents, salinity, and waves. Marine ecosystem
health depends critically on the health of the reefs.
This makes the creation of adaptable measures for
climate change consequences necessary. Restoration
techniques aid in restoring the reef ecosystem that
has been damaged by environmental problems and
climate change. Deploying artificial reefs is one of
the methodical adaptive technique that can be
employed.

An archipelago, Indonesia has 3.1 million km2 of
coastline with 17,500 islands in it and 51,000 km2

of coral reef. The two primary pillars of their
economy are fishing and tourism. More than 2,200
different kinds of coral reef fish and 400 different
types of corals can be found on the island. Because
Indonesians have fewer options to contribute to the
GDP and are therefore aware of system changes, any
change to the fisheries stock would have an impact
on the country’s economy and way of life.  Artificial
reef submerged breakwaters (Goliath Ball, Super
Ball, Ultra Ball, Reef Ball, Pallet Ball, Bay Ball and
Mini-Bay Ball) were employed for beach restoration
and stabilisation by wave attenuation and wave
refraction in Florida, Thailand, and the Caribbean
for post-hurricane reef restoration. These techniques
include coral rescue and propagation, eco-tourism,
environmental enhancement, and biodiversity re-
plenishment. (Harris, 2009).

However, the efficiency of artificial reefs remains a
contentious issue. Artificial reefs are one of the main
tools used by marine conservationists to restore
coral reefs around the globe. They are made from
a variety of natural or synthetic materials, and come
in an infinite number of shapes and styles. It is a
submerged structure placed on the seabed to mimic
some functions of a natural reef, such as protecting,
regenerating, concentrating and enhancing popula-
tions of fishes, invertebrates and corals.

Les is a traditional fishing community on Bali’s
north eastern coast. In the pre-deployment survey,
it was noted that the region was sparsely populated
with fish, and corals were hardly present. By
providing alternate gathering locations such as roti
buaya, fish domes and prawn pots, the project

hoped to restore a damaged reef ecology and lessen
the fishing load on natural reefs. The ability to create
and use artificial substrates, erect coral tables, and
manufacture coral plugs gives fishermen other
sources of revenue.

This study was undertaken to evaluate the perfor-
mance of artificial reef structures placed in the
Pacific Ocean, Les Village, Buleleng District, North
Bali, Indonesia.

Materials and Methods

The study was conducted in the North Bali region
of Indonesia, encompassing specific reef sites in the
coastal areas of Pacific Ocean (8.1373° S, 115.3750°
E) near Desa Les, Les village, Buleleng District,
North Bali, Indonesia (Fig. 1).  LINI (Yayasan Alam
Indonesia Lestari), an NGO working towards the
conservation and sustainable trade of ornamental
fishes and corals was involved in the study. The
deployment area was 7 m from shore line and 5-12
m in depth from surface. The specific location for
study was selected through random sampling.

North Bali, Indonesia, is located within the Pacific
Ocean, situated in a tropical region, resulting in
warm water temperatures throughout the year. Sea
surface temperatures in this area typically range
from 26 °C to 30 °C (79 °F to 86 °F). The warm waters
are conducive to the growth of diverse marine life,
including coral reefs. North Bali is renowned for its
coral reef ecosystems, which thrive in the warm,
clear waters. These reefs are home to a diverse array
of coral species and marine life, making them a
popular destination for snorkeling and scuba
diving. North Bali, is situated on the Pacific Ring
of Fire, characterized by active volcanoes. Volcanic
eruptions can occasionally impact water quality and
marine ecosystems, especially in areas close to
volcanic activity. The salinity of seawater in the
Pacific Ocean, including the waters off North Bali,
Indonesia, typically ranges from approximately 33
to 37 parts per thousand (ppt).

Climate change has significant and detrimental
impacts on the coral reef ecosystems in North Bali,
Indonesia, within the Pacific Ocean. These impacts
are a growing concern and have long-term conse-
quences for the health and resilience of these
valuable ecosystems. Impacts such as coral bleach-
ing, ocean acidification, extreme weather events, sea
level rise, altered ocean currents, increased water
temperature variability, disease outbreaks etc. have
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cumulative impacts and can reduce the overall
resilience of coral reefs. Weakened reefs may
struggle to recover from disturbances, and their
ability to provide habitat and support biodiversity
diminishes. The following criteria were considered
for site evaluation before the artificial reef deploy-
ment (Pre construction phase); presence of natural
reefs nearby, areas with patchy reefs and low species
diversity, sandy and destroyed coral system to
position the artificial reef, presence of broken coral
reef, deteriorating environmental quality and areas
with coral bleaching. Based on the above mentioned
criteria a degraded habitat was selected through reef
survey. The species wise abundance of reef fishes in
the area selected was recorded.

This study was undertaken to evaluate the perfor-
mance of artificial reef structures placed in the
Pacific Ocean, Les Village, Buleleng District, North
Bali, Indonesia in increasing the fish abundance in
the climate change affected area.

The most common observational method for study-
ing shallow (< 20 m) reef fish is an underwater
visual survey (UVS) by snorkeling. Snorkeling with
underwater video recording and line transect
methods were used for assessing diversity and reef
assemblages of fishes. Data on the habitat, physical
features of fishes and invertebrates and its quanti-
fication were recorded by snorkeling with under
water pen and clipboard. Transect lines (English et
al., 1997) having 10 m were set up horizontally to
the coast and 3 m on either side of transect line.

Artificial reefs were constructed using cement, sand,
calcium, iron rods (8 mm diameter), wire mesh,
wooden pipe pieces (3/4 inch) and nails (5 cm). Roti
buaya (0.5 m) functions as supporting structures for
the growth of corals, Fish dome (1 m) (Fig. 2) act
as structure for protecting reef fishes and support-
ing the growth of corals and Shrimp pot (0.3-0.4 m)
provides a hide out for shrimps.

Sea mobilization was carried out by attaching the
artificial reef to a buoy and carried over an on-board
boat. Scuba divers deployed the structures in pre-
determined places (5 – 12 meter) and then arrange
it in different shapes in proper positions. Once the
artificial reefs were set up, scuba divers plugged
coral fragments into these reef structures. Shrimp
pots were deployed at a depth of >20 m. A total of
2000 artificial reefs were deployed by LINI in

Fig. 1. Study area in Desa Les, Les village, Buleleng District, North Bali, Indonesia

Fig. 2. Artificial reef (fish dome) preparation
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different selected regions till date. LINI deployed
116 Roti buaya and 12 fish domes during the period
(2017 – 2018).

Fragments of coral Acropora (Acropora granulosa
from Fishdome, Acropora loripes and Acropora muricate
from roti buaya) between 5 and 10 cm size were
harvested using steel pliers. They were transported
to the aquaculture center in containers filled with
sea water (Transport time <10 min). Fragments of
Acropora were attached using glue to the cement
bases. They were placed in cement tanks with
approximately 5000 L seawater for growth. Aeration
was provided. The regenerated fragments (1 month)
were brought to the experimental site and attached
to the artificial reef structure. These artificial reef
structures were constructed and deployed (1 fish
dome, 2 roti buaya and 3 shrimp pot) in places
where fish and corals were found to be destroyed.
Visual survey was conducted to assess the fish
species assemblage.

Data analysis was done using SPSS software; the
sum of each species identified was counted and
descriptive statistics were performed. The signifi-
cant difference between the number of individuals
obtained from each family before deployment and
after deployment was calculated using Paired t test.
The p value was calculated to determine the
significance of results.

Results and Discussion

Climate change has a wide range of effects on ocean
ecosystem. Coral bleaching is one of the most
obvious and worrisome consequences, but disease,
temperature change, sea level rise, stronger storms,
changes in ocean currents, and ocean acidification
are all expected to have an impact on coral reefs
(McClanahan et al., 2001). In order to lessen stress
and promote speedy healing for the corals, artificial
reefs were constructed for the study. Around the
world, artificial reefs are set up to attract fish and
make it simpler to collect them for human consump-
tion. In addition, it is employed for fisheries
management, fish stock augmentation, and habitat
restoration (Fabi et al., 2015). The study region
frequently experiences tsunami, earthquakes and
sea level rise. After the installation of artificial reefs
into the environment, it was seen that the study area
had attracted a substantial number of fishes and had
been effective in creating a stable parallel habitat.

When coral reefs are physically degraded, fish

diversity and biomass often decrease significantly
(Alcala & Gomez, 1987). This statement is consistent
with the present research findings, which showed
that fish distribution was sparse during the pre-
deployment survey. Reef fishes are dependent on
coral and are adversely affected by coral loss right
away (Wilson et al., 2006). Communities in Indone-
sia took part in coral cultivation actively. Corals
grown at facilities along the coast are plugged into
man-made reefs, giving fish that depend on natural
reefs a comfortable place to hide, breed, nest and
sleep. The study discovered that encouraging coral
regeneration is vital since herbivorous fish make up
the majority of the species that have returned to the
artificial reef habitat. Both ex situ and in situ
methods can supply enough coral for commerce,
decreasing the need to gather coral colonies from the
wild (Borneman & Lowrie, 2001). According to the
findings of our present investigation, there has been
a noticeable increase in the number of fishes visiting
artificial reef structures since the coral pieces first
began to grow. According to Heeger & Sotto (2007),
transplanting corals directly from the reef to the area
that has degraded is the cheapest technique of coral
reproduction (Ammar, 2009). Based on the propor-
tion of live coral, which includes Acropora and non-
Acropora life forms, it is possible to assess the health
of coral reefs in the surrounding seas. After artificial
reefs had been in place for a year, a large Acropora
population had developed there. Fast-growing
branching corals like Acropora and Pocillopora spp.
are appropriate for planting on artificial reefs due
to its hardy fast growing nature. Reef restoration
strategies include coral transplantation, to repair
damaged reefs and increase the habitat of the reef
(Auberson, 1982; Harriott & Fisk, 1988; Guzman,
1991; Bowden-Kerby, 2001).  According to Harriott
& Fisk (1988), adding existing colonies with a higher
probability of surviving and a quicker growth rate
is the primary objective of coral transplanting in
order to avoid the early sluggish development stage.
According to Edwards & Clark (1998), Lindahl
(1998), and Lindahl (2003), transplanting boosts
biodiversity in a region that is damaged, providing
habitat for fish and other organisms that are
associated to reefs. Additionally, it helps rare species
to survive. Coral recruitment to the area can be
enhanced by utilising branching transplants that
reproduce asexually (Highsmith, 1982; Harriott &
Fisk, 1988).

The population of the fish aggregating around the
structures were counted (Table 1). Zanclus cornutus,
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one of the four fish species studied, was discovered
to be aggregating in significant numbers around the
artificial structures (56.25 %), whereas Chlorurus
Bleekeri made up 18.73 % of the total number of fish
present. It was discovered that the populations of
Chaetodon decussatus and Fistularia commersonii (12.5 %
each) were in equal propotions (Fig. 3). Chlorurus
Bleekeri showed the biggest increase in number
(50 %) when assessing the percentage increase in fish
occurrence following deployment, followed by
Fistularia commersonii (33.3 %) and Chaetodon decussatus
(33 %) and Zanclus cornutus (20 %).

The samples were collected from 3 m radius of the
transect line. The abundance of these 4 species was
subjected to study before and after deployment of
artificial reefs. The survey was repeated and average
was taken. Paired t test shows that there was a
significant difference between the species assem-
blage before and after deployment of artificial reefs
as p < 0.05 [Sig. (2-tailed) p value=.035; DF=3] which
implies that deployment of artificial reef was
effective in aggregation of fish. In a highly damaged
reef region, the placement of artificial reef structures
and the subsequent transplanting of corals onto
them have often demonstrated a good trajectory of
coral and fish recovery within a brief period of 2
years. In the present study, the time frame was cut
in half to only one year. To lessen stress and support
its regeneration, artificial reefs such roti buaya and
fish dome were erected in that habitat. Fish biomass,
diversity, and abundance are strongly correlated
with the health of the coral environment (Bell &
Galzin, 1984; Sano et al., 1984; Bozec et al., 2005).
In the long run, it is anticipated that the eventual

development of large corals could support larger
populations of fish, and contribute to demonstrating
the potential use of combined artificial reef struc-
tures. This expectation is based on the continued
growth of transplanted corals and natural recruit-
ment of corals on the artificial reef structures.
Transplanting coral fragments is recommended by
Mwaura et al. (2022) as a conservation strategy for
severely deteriorated reefs. In that study, several reef
species, including those crucial to the fisheries, such
as the Lutjanids and Acanthurids, as well as
ecological indicators, such as Chaeotodontids, quickly
colonised the artificial reefs within one year. The
family Chetodontidae is a sign of a healthy coral reef
(Sahetapy et al., 2019; Mwaura et al., 2022). In the
present study, Chaeotodontids were also detected in
greater numbers when artificial reefs started to
develop in a habitat, indicating an improvement in
the ecosystem’s environmental conditions. Chlorurus

Table 1. Fish Species assessed during Survey

Species assessed Family Status Abundance after
deployment and
percentage increase*

Fistularia commersonii (Cornet fish) Fistulariidae Least Concern 12.5 (33.3)
(LC)

Zanclus cornutus (Moorish Idol) Zanclidae Least Concern 56.25 (20)
(LC)

Chlorurus Bleekeri (Parrot fish) Labridae Least Concern 18.75 (50)
(LC)

Chaetodon decussatus (Butterfly fish) Chaetodontidae Least Concern 12.5 (30)
(LC)

*Figures in parenthesis indicate the percentage increase

Fig. 3. Percentage composition of fish species observed
near deployed structures
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bleekeri and Zanclus cornutus species were discovered
to be extensively distributed in the waters of Tuhaha
Bay, and Sahetapy et al. (2019) observed that these
species were able to adapt to the biophysical
environment of coral reefs. In areas where artificial
reefs were implemented, increase in fish capture
was observed (Fabi et al., 2015; Becker et al., 2016,
Florisson et al., 2018; Wu et al., 2019).

The ecosystems of coral reefs are among the most
productive and biologically diverse ecosystems on
the planet. These systems have been shown to be
negatively impacted by human activities (pollution,
unjustified collection of coral and fishes, habitat
destruction) as well as climate change (sea level rise,
temperature change, ocean acidification, wave ac-
tion and coastal erosion). As the planet continues to
warm, further reef damage from climate change is
certain; yet, there is plenty that communities can do
to protect these sensitive ecosystems. Since the
regeneration of damaged reefs can be initiated by
creating supporting structures that can establish
new reef regions to make up for the loss that has
already happened. According to the study, artificial
reefs are an effective operational adaptation ap-
proach for supporting corals and reef fishes. The
region can be developed as a recreation area in
future, as a refuge for biodiversity for educational
reasons, a site for aquaculture, and a location for
green waste collection for the aquarium business.
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