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Abstract

Coral reef ecosystems are coastal ecosystems that are rich in biodiversity. At this time many coral reefs are in a damaged
condition which results in reduced coral reef ecosystems. Therefore, it is necessary to anticipate that coral reefs are not lost
or reduced. Saving coral reefs can be done by propagation of coral with artificial reef. This study aims to carry out coral reef
propagation techniques by using Coconut Shell Media and Paralon Concrete Media and see comparisons of coral reef growth.
The research was conducted from March to June 2021 in Wangi-Wangi Island, Wakatobi, and Province Southeast Sulawesi.
From the results of observations and measurements for 11 weeks, the absolute average growth of coral reefs on coconut shell
media is 1.05 mm while on concrete media is 0.54 mm. Coral growth rate on coconut shell media is 0.10 mm/week and on
concrete media is 0.05 mm/week. The survival rate of coral reefs on coconut shell media is 94.4% while on concrete media is
88.8%.

Keywords: Coral Reef; Propagation; Coconut Shell Media; Paralon Concrete Media

Abbreviations: CSM: Coconut Shell Media; PCM: Paralon
Pipe Concrete Media.

Introduction

Coral reef ecosystems are very important ecosystems in
marine waters, because they have a role for the life of marine
biota, such as fish and otherbiota. Inaddition, a good coral reef
ecosystem can be used as a location for marine tourism, such
as snorkelling and diving, because the coral reef ecosystem
has a high aesthetic value [1]. Coral reef ecosystem itself is
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an ecosystem that is vulnerable to damage. Various human
activities that are not environmentally friendly and global
climate change have damaged the condition of coral reef
ecosystems, so that the condition of good live coral cover is
decreasing, while those experiencing damage are increasing

[2].

The world’s coral reefs are under threat from human
activities through pollution and habitat change. Threats to
coral reefs in Indonesia are caused, among others, by fishing
that is not environmentally friendly, pollution and damage
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from the sea, coastal development and pollution from
watersheds [3]. Many efforts have been made by humans
to overcome or repair damaged coral reef ecosystems. In
general, the efforts made are the establishment of marine
conservation areas or with rehabilitation technologies such
as artificial reefs and coral propagation.

Artificial coral reefs are usually made of various
constructions and materials. Artificial coral reefs are
artificial habitats built in the sea and placed on the bottom
of unproductive waters. Various kinds of constructions and
materials commonly used in the manufacture of artificial
reefs are usually carried out by imitating several forms and
characteristics of natural coral reefs so that they can attract
types of marine organisms to live and settle [4]. The high
damage experienced by coral reef ecosystems needs to be
minimized by various methods. One of the efforts that can be
done is using the artificial reef method in collaboration with
coral propagation. Coral propagation is a method of planting
and growing a coral colony using the fragmentation method.
The colony is taken from a certain parent colony. Coral
propagation aims to accelerate the regeneration of damaged
coral reefs or as a way to repair coral reef areas [5].

Coral propagation technology is one of the alternative
efforts to restore coral reefs through cutting live corals to
be propagationed elsewhere or in places where corals have
been damaged, with the aim of restoring coral reefs [6]. Coral
propagation plays a role in accelerating regeneration of
damaged coral reefs and can also be used to build new coral
reef areas that previously did not exist [7]. The use of coconut
shells and coconut leaf midrib for coral reef propagations has
never been done before. In this study, innovation was carried
out by changing the habits of other people using paralon
pipes containing plastic materials with coconut leaf midribs
which are commonly found in the Wakatobi community that
have not been widely used.

Wakatobi Regency is one of the areas that have the
highest diversity of coral reef ecosystems in the world
where there are 750 species out of a total of 850 species
in the world or reaching 88%. Coral reefs in the study area
are important because they have ecological and economic
functions. Ecological functions include serving as a nutrient
for marine biota, protection from waves, spawning grounds
and a playground for marine biota. While the economic
function is as a habitat for reef fish, as a tourist attraction and
as a producer of building construction materials [8].

This study aimed to propagation coral reefs with 2
different media, namely coconut shell media with coconut
leaf midrib binding poles and concrete media with paralon
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pipe binding poles, then see the comparison of coral reef
growth. In addition, observations of the survival of coral
reef seedlings were also carried out. The research was
carried out in the waters of Wangi-Wangi Island, Wakatobi
Regency, Southeast Sulawesi Province from March to June
2019. Propagation activities were carried out in this location
because many coral reefs were damaged due to tourism
activities in the waters of Wangi-Wangi [sland.

Materials and Methods

Study Site

The research was carried out from March to June 2021
with locations in the waters of Wangi-Wangi Island, Waha II
Village, Wangi-Wangi District, Wakatobi Regency, Southeast
Sulawesi Province. The image of the research location shown
in Figure 1.

Figure 1: Research Location in Wangi-Wangi Island
Waters, Wakatobi Regency.

The Wakatobi Islands are one of the new districts in
Southeast Sulawesi Province. Geographically, the island of
Wakatobi is located south of the equator, stretching + 160
km from north to south between 5212’ - 6225’ latitude and
along #+ 120 km from east to west between 123220’- 124239’
east longitude. As one of the new tourist destinations in
Indonesia, Wakatobi has its own charm. Maritime tourism
which is supported by the existence of Wakatobi Marine
National Park is the main activity of Wakatobi Regency.
The main attraction of Wakatobi Regency is coral reefs
and various diverse marine biota with high aesthetic and
conservation values [9].

Material

The coral propagation process requires supporting
equipment and tools as shown in Table 1.
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No Name of device Utility
1 Scuba equipment For diver breathing apparatus
2 Underwater Camera Underwater photo/videography (documentation)
3 Refractometer To measure the level of salinity in the waters of the location
4 Thermometer To measure sea water temperature
5 Litmus paper For measure pH / acidity in a water
6 Concrete molds To form concrete that will be used as a medium
7 Paralon pipes For poles for tying coral seedlings
8 Coconut shell For substrate media
9 Coconut sheaths For the poles for tying coral seedlings

Table 1: Tools and materials used.

Methods of Observation and Data Collection

The observation method used is the experimental
method on two (2) propagation techniques. There are two
ways of propagationing coral reefs carried out in this study,
namely:

e Propagation by using coconut shell media
e Propagation by using paralon concrete media

Observations were made to see the comparison of
growth between propagationed seedlings using coconut
midrib shell media and using paralon pipe concrete media,
where the data collected was growth. The absolute growth
of coral length is the difference between the final length and
the initial length [10]. Besides observing growth, the survival
rate was also observed which is the value of the proportion
(%) of the number of corals that live at a certain time and the
number of coral fragments at the beginning of the study. The
survival rate of corals is a determining factor for the success
of coral reef propagations [11]. Water quality measurements
are also carried out to determine environmental factors and
water conditions [12].

Coconut Shell Media

The built process of shell media with coconut fronds is
the manufacture of concrete cement which is combined with
coconut shell substrate and coconut frond binding poles.
Making this media is almost the same as Bioreeftek, namely
a coral reef propagation method that uses coconut shells as
a medium to help coral growth. The choice of coconut shell
material is because this material is environmentally friendly
and cheap, namely by utilizing coconut shells and fronds that
are not used by the local community, namely the remaining
coconut processing into coconut oil. Making concrete molds
as propagation media in the form of a rectangle with a length
of 30 cm and a width of 30 cm. Making concrete requires
sand, water, gravel and cement. Coconut fronds are obtained
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from coconut trees that are old and cut into pieces with a
size of 25 cm. This coconut frond is used as a binding pole for
coral reef seedlings. Propagation media with coconut shell is
shown in Figure 2.

Figure 2: Coconut Shell Media.

Paralon Concrete Media

The built process of paralon pipe concrete media as a
propagation substrate is not much different from the coconut
shell media method, because this media also uses rectangular
concrete which has a length of 30 cm and a width of 30 cm.
The manufacture of this media is also almost the same as
the production of Bioreeftek by Koroy [13]. The coconut
frond was replaced with a paralon pipe with a length of 25
cm. Paralon pipe is used as a pole to bind coral seedlings.
The choice of paralon material is because this material is
environmentally friendly and cheap, namely by obtaining it
from leftover materials for the construction of facilities and
infrastructure in the local area which are no longer used.
Propagation media with paralon concrete is shown in Figure
3.
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Figure 3: Paralon Concrete Media.

Coral Reef Propagation Method

Coral reef propagation activities are carried out
simultaneously with the collection of seeds in the sea.
Planting activities take a long time so that scuba equipment is
needed so that there is enough time in sea water. The stages
of planting coral reefs are lowering the planting medium to
the seabed and taking seeds. Coral reefs that will be used
as seedlings should not be taken from coral reef brooders
in order to maintain their sustainability. Saplings for coral
propagation can be obtained directly from nurseries or from
natural reefs. Natural reefs come from two sources: fragments
that are broken/broken from the colony by natural processes
(e.g., storms/waves) or human activities that can be found
lying on the seabed [14].

Each stage in the coral propagation activity is the key to
its success. Starting from site selection, seed selection, media
making, coral planting, to the monitoring stage. Easy and
practical methods are more widely used, but not all practical
and simple methods can produce optimal results [15].

Coral Growth

Absolute height growth is the difference in length change
at the end of the study with the beginning of the study. The
following equation was used to determine the coral length
growth:

BL=Lt-Lo

Where BL is the absolute growth (cm), Lt is the average
branch length after the t-th observation; Lo is the average
branch length at the beginning of the study [4].

Coral growth rate is the increase in height/length with
various lengths of observation. The following equation was
used to determine the coral growth rate:
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P (Lt—Lo)
t
Where P is the coral growth rate (cm/s), Lt is the average
height after the t-th month (cm), Lo is the average height at
the time of initial measurement (cm), t is the observation
time [4].

The survival rate of coral reefs determines the success of
coral reef propagation. According to Nugraha (Nugraha,
2019) to determine the level of success in life, the formula

is used:

SR:&XIOO
No

Where SR is the survival rate (%), Nt is the number of
living coral fragments/seedlings at the end of the study, No
is teh number of coral fragments/seedlings at the beginning
of the study.

To carry out data analysis carried out by statistical
methods by describing and presenting the data that has been
collected. There are basically two forms of presentation of
statistical data, namely the form of presentation with tables
and graphic forms. The data presented are parameters,
namely coral reef growth, coral reef growth rate and coral reef
survival rate. By presenting the data in tables and graphs, it
can be seen that the minimum, maximum and average values
of the coral reef parameter values above.

Water Quality Parameters

Water quality is an important factor for the growth of
marine biota which require a certain level of water quality
in order to grow healthily [16]. In general, water quality is
determined by several physical parameters in the waters.
Several parameters are very influential on the growth of coral
reefs, namely temperature, salinity and acidity of sea water,
these three parameters are very important for coral reefs so
measurements must be made. Based on the literature, the
results of research conducted previously known that the
temperature required for optimal coral reef formation is in
the range of 252C - 309C while the salinity required for coral
growth is around 27%o - 40%o0 while the degree of acidity
(pH) required for coral reefs to thrive is in the range of 7.5
-8.4[17].

Results and Discussion

Water Quality at Location

Measurement of sea water quality is carried out to see
the condition and quality of water at the research location
where data collection of water quality parameters is carried
out twice a week. The results of measurements carried out
at the study site obtained temperature in the range of 29.3°C
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- 29.5°C. The average salinity value is, 33.8 - 34.3. The value
of the acidity level (pH) of sea water around the waters is
7.7 - 7.8. With the value of the water quality parameter, it is
already a necessary parameter for the growth of coral reef
seedlings propagation [17].

Propagation Activities

The selection of propagation sites must be considered
carefully and pay attention to supporting the success of
coral reef propagations. Site selection is carried out before
carrying out propagation activities so that it can be known
whether it is feasible to carry out activities or not. The
things that need to be considered for coral reef propagation
locations are the location is not in a place free of community
activities, there are not many coral reefs at the location, the
location has the lowest low tide at 3 meters [18]. In this
study, the selected location is a tourist area that is carrying
out conservation activities so that it is safe from interference
from the community, which could damage the media or
uproot the planted seeds. Propagation was carried out using
the same seed for both propagation media at a depth of 5-10
meters.

Decreasing coral reef planting media is not done in
random places because there are many coral reef habitats
that must be maintained. Decreasing the media must pay

attention to the condition or ecosystem at the coral reef
propagation site. The media preparation method is carried
out carefully so that accidents do not occur in the media
preparation process on the substrate location. In the process
of preparing the media, it is necessary to pay attention to
the preparation of snorkelling equipment, see around the
substrate for interference and place the media not tilted. In
propagation activities, it is not only the process of planting
seedlings on substrate media, but also regarding monitoring
and maintenance [14].

Propagation with Coconut Shell

Shell media with coconut leaf midrib binding poles
was the first medium used for propagationing coral reefs.
This media is used because it has the advantage of using
environmentally friendly materials and is easy to obtain. So
far, coconut shells have been used for the manufacture of
artificial coral reefs known as Bioreeftek, as a medium for
attachment for coral larvae [19]. The results of observations
made for 11 weeks showed a change in the media, where the
coconut shell and midrib were overgrown with moss. With
the abundance of moss and fine sand attached to the midrib
and coconut shells, it is very influential in accelerating the
growth of coral reefs because coral reefs are easier to get
food and other substances. Figure 4 shows the propagation
process on coconut shell media before and after changes.

Figure 4: Propagation with Coconut Shell.

Propagation with Paralon Concrete

Concrete media with paralon pipes has not been widely
used in coral reef propagation experiments. Concrete
media is usually used to make artificial coral reefs to attract
planula (coral seedlings) and seeding mature coral reefs
(propagation). The application of artificial reefs from concrete
requires large costs, many divers and relatively complete
supporting equipment [20]. In this study, propagation with
paralon pipe concrete was used to compare the propagation
process with coconut shell media.
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Changes in the concrete media with paralon pipe poles
during the propagation process are not as fast as in coconut
leaf midrib shell media where moss does not grow much on
the concrete substrate media and this paralon pipe pole. This
is probably because the paralon pipes contain chemicals
(plastics) which can be a factor in the lack of moss growing
on the paralon pipes. There are only slight changes in the
paralon pipe media, namely a change in the color of the
pipe to white and a little moss growing. Figure 5 shows the
propagation process on the paralon pipe concrete media
before and after any changes.
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Figure 5: Propagation with Paralon Concrete.

Coral Reef Growth

Growth is the difference in length change at the end of the
study with the beginning of the study [4]. Observation of the
growth of coral reef propagations in both media was carried
out for 11 weeks, from April to June 2019. Measurement
of changes in the growth of mangrove seedlings was
measured using a ruler. There were 72 coral reef seedlings
propagationed, consisting of 36 seedlings propagationed

using coconut shells and 36 seedlings using paralon pipe
concrete.

Data from observations of propagation growth using
coconut shell media on 36 mangrove seedlings for 11 weeks
showed growth in height/length of coral reefs from week
to week, where some grew fast and slow. The growth data
of propagationed coral reefs using coconut shell media is
graphed, which is shown in Figure 6.

Coral Growth on Coconut Shell Media

1 3 5 7 911131517 1921232527 29313335
Coral Reef Seeds

Figure 6: Graph of seedling growth on Coconut Shell Media.

In Figure 6, it can be seen that the absolute height
growth of coral reef seedlings with coconut shell media for
all seedlings is 36 seedlings. From the graph, it can be seen
that during the 11-week observation there was a different
length growth for each seedling. By using the absolute height
growth formula, which is the difference between the changes
in the average height at the end and the average height at the
beginning of the observation, the absolute length growth can
be calculated. Based on this formula, absolute growth can be
calculated, namely:

PL=Lt—Lo
=1.09-0.04 = 1.05 mm
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Based on the results of the above calculations, it can be
said that for 11 weeks, the absolute growth of mangrove
seedlings propagationed with coconut shell media was 1.05
mm.

Data from observations of propagation growth using
concrete pipe paralon media on 36 mangrove seedlings for
11 weeks showed growth in height/length of coral reefs from
week to week, where some grew fast and slow. The growth
data for propagation from coral reefs with piped concrete is
graphed, which is shown in Figure 7.
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Figure 7: Graph of seedling growth on Paralon Concrete Media.

In Figure 7, it can be seen that the absolute growth of
coral reef seedlings height with paralon pipe concrete media
for all seedlings is 36 seedlings. From the graph, it can be seen
that during the 11-week observation there was a different
length growth for each seedling. By using the absolute height
growth formula, namely the difference between the changes
in the average height at the end (Lt) and the average height
at the beginning of the observation (Lo), the absolute length
growth can be calculated. Based on this formula, absolute
growth can be calculated, namely:

BL=Lt-Lo
=0.56-0.02 = 0.54 mm

Based on the results of the above calculations, it can
be said that for 11 weeks, the absolute growth of coral reef
seedlings propagationed with concrete pipe paralon media
is 0.54 mm.

When compared to the growth of coral propagations
with the two media, it is seen that there is a difference
in growth, where the growth with coconut shell media is
greater than that using paralon pipe concrete media. This
happens because the two media have different substrate
content. According to Tumion and Sasongko [21], coral
reef growth depends on environmental factors such as up
welling, sunlight, clarity, depth, water temperature, salinity,

deposition, currents and substrate. Besides that, tides and
currents play a very important role in carrying nutrients
as food ingredients and supplying food for microorganisms
and oxygen as well as avoiding corals from accumulation of
sediment [22].

Coral Reef Growth Rate

The growth rate is the absolute growth length divided by
the time of observation [4], using the absolute growth data
of coral reef seed propagations on both types of media, the
growth rate of coral reef propagations can be calculated.

The growth rate of coral propagation on coconut shell media
is:

P (Lt—La)
t

=1.05/11 = 0.10 mm/week

The growth rate of coral propagation in paralon concrete
media is:

P (Lt—La)
t
=0.54/11 = 0.05 mm/week

0.12

Coral Reef Growth Rate

0.10

0.08 -
0.06 -
0.04 -
0.02
0.00 +

Growth Rate {mm/week)

M1 M2 M3 M4 M5 M6 MY M8 M9 M10MI11

Transplant Time (weeks))

Figure 8: Comparison graph of propagation coral growth rate.
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Based on the above calculation, it can be seen that
the average growth rate of propagation of coral reefs with
coconut shell media is 0.10 mm/week, which is greater than
the average growth rate of propagation with paralon pipe
concrete with a value of 0.05 mm/week. If a graph is made
of the growth rate of coral reefs per week for coconut shell
media (CSM) and paralon pipe concrete media (PCM) media,
it can be seen that the difference in growth rates is as shown
in Figure 8.

Based on Figure 8, a graph of the comparison of the
average growth rate of coral reef seedling propagation per
week (M1-M11) can be seen using coconut shell media
(CSM) and paralon pipe concrete media (PCM). The average
growth rate with coconut shell media is greater than the
average growth rate with paralon pipe concrete. The highest
growth rate was seen in the second week (M2) for coconut
shell media while for paralon concrete media in the third
week (M3).

Coral Reef Survival Rate

The success of coral reef propagation can be determined
by the survival rate of the propagationed coral reefs.
The survival rate depends on coral biology factors on
environmental conditions and the size of the propagationed
coral fragments. According to Nugraha, the ability to adapt
to the environment greatly affects the survival rate of coral
reefs. In this study, in addition to observing the growth of
propagations, it also observed the survival of coral reef
seedlings, whether there were seedlings that did not grow or

died. To determine the survival rate of propagationed coral
reefs, the following formula is used:

SR:ﬁXIOO
No

Where Nt is the number of live coral seedlings at the end
of the study and No is the number of coral seedlings at the
beginning of the study. In the 11-week observation carried
out on 36 coral seedlings on coconut shell media and 36
seedlings on paralon pipe concrete, there were corals that
did not grow, as many as 2 corals on coconut shell media and
4 corals on paralon pipe concrete media. Thus, the success
rate of coral reef propagation with coconut shell media can
be calculated:

SR = &XIOO%
No

ﬁ><100%
36

=94.4%

While for concrete pipe paralon media, the survival rate of
coral reef propagation isgp _ Nt 000,
No

g><100%
36

=88.8%

The survival rate of coral reefs from the propagation
process with these two media can be seen in Table 2.

Coral Reef Survival Rate
Media Type Initial Amount Final Amount Percentage (%)
Coconut Shell 36 34 94,4
Concrete Paralon 36 32 88,8

Table 2: The Survival of Coral Propagations.

Based on table 2 above, it can be seen that the survival of
corals from propagation with coconut shell media was 94.4%
higher than the survival of corals with paralon pipe concrete
media which was 88.8%. Some of the reasons for the failure
of this coral propagation, among others, due to corals that do
not grow or are damaged due to environmental factors [23].
Besides that, there are natural factors at the research location
such as the east monsoon which causes coral fracture and
changes in the position of the propagationed coral.

The survival rate of coral reefs determines the success
of coral reef propagation. Survival rates depend on coral
biology, environmental conditions, and the size of the coral
fragments transplanted. According to Nugraha DR, et al. [24]
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the ability to adapt to the environment greatly affects the
survival rate of corals. Based on Table 2 it can be seen that
the survival of corals with coconut shell is higher than that of
corals with concrete paralon. The difference in survival rate is
usually due to failed propagation. Some of the causes include
corals that do not grow or are damaged due to environmental
factors [4]. In addition, there are natural factors at the study
site such as the east monsoon which causes coral fractures
and changes in the position of the propagated corals.

Conclusion

Based on the results of coral reef propagation research
with 2 different media, which was carried out on Wangi-
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Wangi Island-Wakatobi Regency for 11 weeks, it was found
that the absolute growth of length and growth rate of coral
reefs on coconut shell media was greater than the absolute
growth of length and growth rate with medium paralon
concrete. Likewise, the success rate of coral reef life, in
coconut shell media is greater than using paralon concrete
media. From the results of observations and measurements,
the average absolute growth of coral reef length on coconut
shell media is 1.05 mm while on concrete media is 0.54 mm.
The average rate of coral growth on coconut shell media was
0.10 mm/week and on concrete media was 0.05 mm/week.
The survival rate of coral reefs on coconut shell media is
94.4% while on concrete media is 88.8%.
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