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Abstract: In general, remote sensing has proven to be a powerful tool in the overall understanding
of natural and anthropogenic phenomena. Satellites have become useful tools for tasks such as
characterization, monitoring, and the continuous prospecting of natural resources. This research
aims to analyze spatial dynamic and destructive on coral reefs area and correlation between live
coral reduction and population on small islands. Landsat MSS, TM, ETM, and OLI-TIRS are used to
spatial analyze of coral reef dynamics from 1972 to 2016. The image processing includes gap-filling,
atmospheric correction, geometric correction, image composite (true color), water column
correction, unsupervised classification, reclassification, accuracy assessment. The statistical analysis
identifies the relationship between dynamic population data with a reduction of live coral, namely
Principal Component Analysis (PCA) and Multiple Regression Analysis. The effect of the
population shows a positive correlation with the reduction in the area of live coral, although it is
significant. The fact is the practice of coral destruction on an island; it is usually not only caused or
carried out by residents who live on the island but also carried out by other residents of different
islands.
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1. Introduction

Utilization of remote sensing satellite technology in providing information on coral reefs
spatially and temporally continues to progress until now. Shallow water mapping using sensing
technology is far more cost and time-efficient with extensive area coverage in identifying coral reefs
[1-2]. Satellite imagery can classify shallow water habitats based on spectral characteristics to map
the spatial and temporal distribution of coral reef and seagrass ecosystems [3-10].

Indonesia, as a geographical sub-regional, has a coastline length of 95,181 km, and It has a coral
reef of approximately 50,000 km? [11], and as a mega biodiversity state. Indonesia's coral reefs are
famous for its biodiversity and ecological complexity. The global center of tropical marine
biodiversity known as the Coral Triangle Initiative (CTI) covering six countries, namely Indonesia,
Malaysia, the Philippines, Timor Leste, Papua New Guinea, and the Solomon Islands. The coastal
region and the small islands of South Sulawesi, Indonesia is estimated to be one of the centers of
destructive fishing activities (cyanide and bombs) in Indonesia, where the Spermonde Islands hold a
very significant contribution to fishery activities in South Sulawesi, and is an area that is very
vulnerable to fishing activities which damages the surrounding ecosystems including coral reefs.

© 2019 by the author(s). Distributed under a Creative Commons CC BY license.
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Coral reefs are one of the critical coastal ecosystems that can provide valuable environmental
products and services for the lives of coastal communities. However, the existence of coral reefs
currently faces a variety of threats, both from global climate change and human activities. The
response of coral reefs to temperature increases is very sensitive; an increase in water temperature of
2°C can cause mass death of coral reefs [12]. According to [13], coral reefs damage mostly caused by
global warming, natural disasters, and human activities, but human activity is the leading cause of
coral reef damage.

In recent decades, coral reefs have significantly degraded due to not environmentally friendly
fishing, pollution, coastal reclamation, global warming, hurricanes, and increased concentrations of
greenhouse gases in the atmosphere [14]. Coral reefs are one of the most threatened marine
ecosystems as a result of the disruption of natural changes, as well as from anthropogenic, both on a
global and local scale [15].

The Spermonde Islands consist of 54 small islands, fourteen of them are no population islands,
and 130 within the criteria of the gusung, which is sand dune and coral fragments and shells that
accumulate to form like small islands and some will appear from above when high tide [16].
Monitoring techniques over a large area are carried out spatially by utilizing satellite imagery data.
This approach has been widely carried out before, namely [4] has conducted a study related to habitat
changes in coral reef ecosystems in the Red Sea, Hurghada, Egypt and for the first time on Bunaken
Island, North Sulawesi, Indonesia has carried out detailed classification more than 150 habitat types
using high-resolution (2m) image data, GeoEye-1 by [14]. All of these studies have provided excellent
results for supporting the management of coral reef areas.

The purpose of this study is to map shallow waters by using multi-sensor satellite imagery over
a long period and analyze the effect of increasing numbers of small island inhabitants on the
Spermonde Islands on damage to coral reefs mathematically based on an indication that an increase
in population, especially on small islands, raises concerns about the uncontrolled survival of coral
reefs. Spatial information about coral reef conditions and dynamics at the right scale is a fundamental
prerequisite in the understanding and management of shallow water ecosystems [17].

2. Materials and Methods

2.1 Field Study

The research area is several small islands located in the waters of the Spermonde Islands, South
Sulawesi Province, Indonesia. The waters of the Spermonde Islands consist of small islands located
in the Sulawesi Strait, and this strait is between Sulawesi Island and Kalimantan Island, as shown in
Figure 1.

The survey location was decided to divide into two categories, namely small inhabited islands,
and small uninhabited islands. Seventeen small inhabited islands were selected as representative
locations: a) Ballang Caddi, b) Ballang Lompo, c) Bangkobangkoang, d) Kulambing, e) Karanrang, f)
Laiya, g) Sabuton, h) Saugi, i) Satando, j) Bontosua, k) Badi, 1) Pajenekang, m) Podang-Podang
Lompo, n) Samatellu Lompo, o) Salebo, p) Sarappo Keke, q) Sarappo Lompo island, and two
uninhabited category, namely Kondingareng Keke and Samatellu Pedda island.

The study area is in waters of small islands, Spermonde archipelago, South Sulawesi Province.
The waters of the Spermonde archipelago consist of small islands, as shown in Figure 1, located in
the Sulawesi Strait, and it is between Sulawesi Island and Kalimantan Island.
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Figure 1. Field location is small islands in Spermonde island, South Sulawesi, Indonesia. Research
location of Seventeen small populated islands as the uninhabited category are in the red circle, and
nine small islands as inhabited in the purple line

2.2 Data

The spatial data used in this study to determine the distribution and condition of coral reefs in
the Spermonde Islands is Landsat satellite imagery data with different sensor types. Data recording
in 1972, 1978, 1984, 1990, 1996, 2002, 2006, and 2016 which was obtained freely from
http://earthexplorer.usgs.gov/). This Landsat satellite image data has a spatial resolution of 60 and 30
meters. The UAV provides detailed images of the density of houses and data on the number of houses
on small islands. Population data for 2006 to 2017 sourced from the Indonesian Central Statistics
Agency [18].

2.3 Image processing of coastal ecosystem

Satellite image data processing is carried out to determine the distribution and condition of coral
reefs. The processing consists of several stages, including the process of geometric and radiometric
correction of satellite images, cropping, RGB composites, image pansharpening, depth invariant
index, unsupervised classification, ground truth, accuracy assessment, and reclassify. The
atmospheric correction process is done using a DOS (Dark Object Subtraction) module. The geometric
correction technique used in this study is the transformation of the GCP (Ground Control Point).
Geometric errors in the original image are corrected by rectification. Image rectification based on
existing GCP position information aims to place the pixel image in actual position on the surface of
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the earth. Image cutting is an image processing used to minimize the observation of the study area.
The masking process is carried out to limit the study area and eliminate the effects of land, deep
water, and other objects that are not needed in the process of further image processing.

Some previous studies mapping the habitat of shallow waters and water column with remote
sensing technology said that one of the influences of optical properties that characterize a watershed
is attenuation [19-22]. Lyzenga algorithm is combining two channels of visible light. They are blue
(490 nm) and green (560 nm) band. Two bands are visible light, and the algorithm is:

Ki/Ki= a +Vva?+1 (1)
Where:

a = gii—ajj (2)

20ij

oij = XiXj - XiXj (3)

Ki/Kj, coefficient of attenuation, oij is the variance measurements of Xi, ojj is the variance
measurements of Xj, and oij is Xi and Xj covariance. The next step is to calculate the depth invariant
index (DII) with the algorithm:

DIl = log (xi) + [(Ki/Kj) * log (X]))] (4)

Where:

y : Extraction of basic information
i : Blue band value

j : Green band value

ki/kj : Attenuation coefficient

Determination of the point of observation is determined before carrying out a field survey using
the unsupervised classification method. The unsupervised classification technique uses the
ISODATA (iterative self-organizing data analysis technique) algorithm to group multispectral image
pixels into relatively homogeneous groups. Isodata algorithm works by combining the same cluster
and data in a cluster so that they can divide based on maximum standard deviations [23]. The
parameters in the Isodata Algorithm are:

KO : number of initial clusters

nmin : Minimum cluster data

o2max : Maximum variant (merge)

dmin : minimum (split) pair distance

Retrieval of data in the field aims to determine the type of the object at the study site that appears
to have a different color and hue on the image. Field data is then used as a basis for determining the
type of object cover when identifying objects and validating the results of the classification results.
The image generated by the algorithm transformation is then reclassified. Classes that have almost
the same spectral value made into one class or different classes, but having the same object are also
merged into one class. Class merging is done after the field survey. Field survey data is used as a
reference in conducting class merging.

The accuracy test uses a confusion matrix. The matrix compares habitat classes resulting from
image classification against actual classes from the field survey results. Column data is the result of
classification that represents the calculation of producer’s accuracy (PA), while row data is the result
of field observations by observers and is used in the calculation of the user’s accuracy (UA). The more
classification results that are aligned with the results of observations, the overall accuracy value will
be higher. The expected accuracy value must meet the requirements more significant than 60% [20]
so that the results of the percentage of OA values obtained can be used as proof of the accuracy of the
image classification. The calculation of each accuracy is done by the following equation [24].

Kappa ‘ mathematical accuracy is:
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K= N2-%T_ ) (Xi4#X41) ©)
Where:
N : the total number of cells in the matrix
r : the number of rows in the matrix
Xii : the number in row i and column i
x+1 : the total observations for column i, and
x1+ : the total observations in row i
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Figure 2. Flowchart of image processing in Spermonde Archipelago

2.4 Principal Component Analysis (PCA)

Analysis of Characteristics and spatial-temporal changes in the components of coral ecosystems
using Principal Component Analysis (PCA) [25]. PCA analysis was carried out using data on the
percentage area of 6 ecosystem components of Dead Coral with Algae (DCA), Live Coral (LC),
Rubber (RB), Seagrass (SG), Mix Bottom (MB) and sand (SD) of the total land area of 17 islands that
have recorded data from 1972 to 2016. PCA analysis was carried out for three years, namely 1972,
2008, and 2016, to see changes in characteristics based on the observing variables of the observation
group and using six variables.
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2.5 Regression Analysis

Analysis of the relationship between the number of population with a reduction in the area of
live coral (LC), increase in the area of dead coral (DCA) and increase in the area of rubble (RB) then
used multiple linear regression analysis (Multiple Regression Analysis) There are three variables Y
namely the reduction in the area of live coral (Y), an increase in the area of dead coral (Y2) and an
increase in the area of rubble (Y3) and two variables X namely the initial area of live coral (X1) and
the population (X2). The use of the initial land area variable (X1) in the three responses observed was
since these three variables are theoretically very influenced by the area of living coral land that exists
besides the population.

Another reason is to compare the influence of the area of living coral with the population on the
three responses observed. This analysis uses data on changes in the area of live coral, dead coral, and
rubble from 2008 to 2016 following available population data and records of the extent of the
constituent components of coral ecosystems. Because not all islands have population data, so 11
villages are used: Mattiro Sompe, Mattiro Uleng, Mattiro Bulu, Mattiro Labangeng, Mattiro Kanja,
Mattiro Baji, Mattiro Bone, Mattiro Deceng, Mattiro Dolangeng, Mattiro Walie, and Mattiro Langi.

The linear model of the multiple linear regression analysis [26] is:

Y=o+ BIX1 +B2X2 (6)

Where:

Y : Response, consisting of 3 namely Reduction in the area of live coral (Y), increase in
the area of dead coral (Y2) and the addition of rubble area (Y3)

o : Intercept

1 and B2 : Slope (Regression coefficient) at X1 and X2

X1 and X2 : Variable Area of initial live coral (X1) and total population (X2)

3. Results and Discussion

3.1 Coastal ecosystem degradation

The level of damage to coral reefs in Indonesia is very alarming. The causes of damage to the
coral reef itself can be grouped into two parts, namely, damage caused by human activities
(anthropogenic causes) and damage caused by natural processes [27]. Coral damage which is caused
by human activities includes excessive fish, taking out biota or coral reefs to be prepared, disposing
of trash in the sea, as well as activities that do not care about the environment. Damage caused by
natural processes is divided into two parts, namely, damage caused by physical processes and
damage caused by biological processes [28].

Changes in the condition of coral reefs are proved quantitatively through changes in the area of
live coral, dead coral, rubble, seagrass, and a mix of live coral, dead coral, rubble and sand. There
was a decrease in the area of live coral occurring on seventeen islands (Figures 3, 4, and 6) categorized
as inhabited islands. The decline in live coral continuously from 1972 until 2016 tends to be followed
by an increase in dead coral and rubble.

The decline in the area of live coral that occurred from 1972 to 2016 ranged from 63-86%. The
small islands with the highest decreases were Salebo, Kulambing, and Saugi. Two of these islands
are located near the mainland of the South Sulawesi Province to the north. In addition to destructive
fishing, the influence of sedimentation from mainland river basins is one of the causes of the
drastically decreasing area of live coral. Besides, Sarappo and Pajenekang islands have a vast expanse
of living coral compared to other smaller islands.

The analysis shows that between population islands and no population islands have a similar
trend; from year to year, there is a continual reduction in the area of living coral. Decreased areas of
live coral ranged from 74-80.91%.
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Figure 3. Classification of coral reef distribution and condition in Spermonde island using Landsat
imagery data acquisition in 2016. The red line is the border of two non-populated islands, and the

violet line is the border of seventeen population islands.
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Figure 4. Map of the Landsat satellite image acquisition in 1972, 2002, and 2016 on two population
islands (a. Pajenekang, b. Ballang Lompo) and two no population islands (c. Kodingareng Keke, d.
Samatellu Peda). The black circle is an area that changes in the substrate of the shallow water from

life into rubble and dead coral.

A decrease in the area of live coral is occurring, but on the other hand, there is an increase in
dead and rubble corals. In other words, some damaging activities and environmental influences can
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be the cause of living corals to become dead corals, and most of them also become fragments of corals
that eventually die.

The number of populations on several small islands is recorded differently by several activities
in this area. However, the data used is recording by the Central Statistics Agency of Pangkep Regency
[18], which calculates the population of small islands based on the level of the village. Each village
can consist of one or several small islands that are close to each other.

Another approach used to strengthen the population figures is counting the number of houses.
The number of houses is calculated using UAV photo shoots. As shown in Figure 5, the islands of
Ballang Lompo and Pajenekang are the two islands that have the most and densest houses among
the seventeen islands studied. The number of houses in Ballang Lompo Island is 695, and Pajenekang
Island is 238 houses. Generally, one house is inhabited by around 4-6 people. So that the number of
houses based on calculations from UAV photographs shows a significant amount with the
population.

(@)

0 0.10.20.304 A

Figure 5. Photograph of the Unmanned Aerial Vehicle (UAV) using Phantom 4 acquisition 2018 on
two populated islands, which are Ballang Lompo (left) and Pajenekang (middle), and Kodingareng
Keke island (right) as not populated islands.

The socioeconomic condition of the people on this small island has a semi-permanent house. The
entire population has not enjoyed electricity from the State Electricity Company (PLN), but relies on
the island's self-generated power sources using diesel engines and only operates at 06:00 pm and
electricity goes out at 06:00 am. The primary lighting sources generally use generators and solar
power. Also, the majority of the population in the study location still uses a type of latrine that
immediately dumps its waste into the sea.

Ground check results show that the precision value from Landsat satellite image analysis is
appropriate. The accuracy of Landsat satellite imagery using confusion matrix calculations of
seventeen small islands is 65-82.61%.

3.2 Characteristics of Components for the Development of Coral Ecosystems in the Spermonde Islands

The characteristics of the constituent components of coral ecosystems in the Spermode Islands
are explained based on the spatial-temporal changes that occur in the elements of the ecosystem,
namely live coral (LC), dead coral overgrown with algae (DCA), Mix Button (MB), Rubble (RB), sand
(SD) and seagrass (SG). The analysis used is principal component analysis or PCA (Principal
Component Analysis) using data on the percentages of the six ecosystem components on 17 islands
that analyzed in three different years (1972, 2008 and 2016). The results of the PCA analysis showed
that the majority (> 75%) of variance was explained in the three axes or principal components of the
three years of data analyzed with the eigenvalue, as presented in Table 1.
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Figure 7. Graph of dynamics of live coral in 1972, 1978, 1984, 1990, 1996, 2002, 2008, and 2016 in small
islands with no population of the Spermonde Islands: a). Kondingareng, Keke, and b). Samatellu Peda

The results of the PCA analysis showed very significant changes, especially from 1972 to 2008,
while from 2008 to 2016, the results of the investigation did not show any significant changes. In 1972
the contribution of dead coral components overgrown with algae (DCA) and seagrass (SG) was a
substantial contributor to the formation of axis one while in 2008, the role of Mix Buttom (MB) and
Seagrass (SG) and in 2016 was higher. The purpose of Mix Buttom (MB), Seagrass (SG), and Live
Coral (LC). Differences in the identifier variables and aggregate observations (17 islands) during 1972,
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2008 and 2016 showed a fundamental difference, especially between 1972 and 2008 and 2016, as
shown in the biplot in Figure 8.

Table 1. Values of root features and cumulative variance explained in three main components (F1,
F2, and F3) according to PCA results in 1972, 2008 and 2016.

Year Parameter F1 F2 F3
1972 Eigenvalue 1.9174 1.7299 1.3938
Variability (%) 31.9561 28.8322 23.2298
Cumulative % 31.9561 60.7883 84.0181
2008 Eigenvalue 1.9980 1.6919 0.8862
Variability (%) 33.3005 28.1983 14.7692
Cumulative % 33.3005 61.4987 76.2679
2016 Eigenvalue 2.0546 1.7356 0.9254
Variability (%) 34.2442 28.9274 15.4232
Cumulative % 34.2442 63.1715 78.5947

Biplot in the picture x above shows that very clearly visible striking the difference between
images A with B and C. Components (DCA) and SG contributed significantly and positively
correlated with positive axis one while in 2008 and 2016 the contribution of this variable was minimal
and negatively correlated with the one stab. High DCA and SG variables characterized locations in
Pulai Sarappo Lompo (SLL), Podang-Lompo (PPL), Salebo (Sal), Samatellu Lompo (STL) and
Pajenekang (Paj) in 1972.

Based on the aggregate patterns of observations and variables in 2008 and 2016 (Figures B and
C), it is seen that a high percentage of live coral (LC) is a characteristic of the Badi (Bad) island and
consistent in 2016. Similarly, Saugi Island (Sa) and Sabutung (Sat) characterized by a high percentage
of Mix Buttom (MB), where this value was zero in 1972 in both locations. The pattern of aggregate
observations and variables is relatively unchanged from 2008 to 2016. Based on the results of the PCA
analysis, it is most likely to have something to do with the conservation and protection of coral reef
ecosystems that have been intensively carried out in recent years so that the impact of damage is no
longer as large occur when compared to the period between 1972 and 2008. During this period (2008-
2016), awareness of Indonesian communities increased as the government published some
regulations and promotion to conserve marine and coastal ecosystems. The Ministry of Marine and
Fisheries of Indonesia has enforced some regulations to reduce the illegal and unreported marine
exploitation [29].

3.3 Relationship Between Population Numbers and Reduction in Living Coral Areas

The results of regression analysis between Reducing Live Coral Area (Y) with Early Living Coral
Area (X1) and Population Number (X2) show that the reduction in living coral area is significantly
correlated (P<0.01) with initial living coral area and population in 11 villages in Spermonde Islands
in the period 2008 to 2016 (Appendix). The partial correlation test shows that the reduction in the area
of living coral significantly correlates positively with the initial area of living coral (in 2008) and the
average population (from 2008 to 2016) with a partial correlation value (R) of 0.904 and 0.770,
respectively.

The relationship between the reduction in the area of live coral (Y) with the initial area of living
coral (X1) and total population (X2) follows the equation: Y =-3.0349 + 0.2945 X1 + 0.0012 X2 with the
coefficient of determination (R2) = 0.856. The results of this regression mean that the magnitude of
the diversity of the reduction in the area of live coral is affected or can be explained by the magnitude
of diversity simultaneously, the initial area of live coral, and the total population of 85.6%. Most
(85.6%) changes in the area of living coral are influenced by two variables X, namely the initial area
of living coral and the total population. The remaining 14.5% is influenced by other factors not
analyzed.
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Figure 8. Observation plots and variables on axes 1 and 2 based on PCA results in 1972 (top-left), 2008
(top-right), and 2016 (bottom panel).

Referring to the value of the regression coefficient, it can be said that the reduction in the area of
live coral will increase along with the increase in the initial area of living coral and the average
number of inhabitants, in contrast, decreases with the decrease in the initial area of living coral and
the total population. The reduction in the area of living coral will increase by 0.2945 Ha per increase
in the initial area of living coral by 1 Ha, assuming that the population is constant. In other words,
the reduction in the area of live coral increases by 0.12 Ha for each increase in the population of 100
people at the initial value of a particular area of live coral in the span of observation.

The results of this analysis explain that there is a tendency for the magnitude of the reduction in
the area of living coral to be higher on smaller islands or village whose coral life is more extensive
when compared to smaller islands whose coral life is narrower — assuming that when the population
approaches a constant and the tendency of the area of living corals to decrease, each reduction of 1
Ha of living corals, the decline for 8 years from 2008 to 2016 is 0.2945 Ha or around 0.037 Ha per year
and if present, there will be a decrease of 3.7% per year.

The results of the analysis show a higher reduction in the area of live coral on a broader area of
living coral, it is associated with the form of community activities in damaging corals such as the use
of bombs, chemical, and mining, so in fact it can be explained that indeed these activities tend to be
more intensive in areas whose coral life is still extensive because in areas with broader corals still
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inhabited by many species and abundance of fish that are relatively higher so that the area is
preferred as a fishing ground.

The effect of the population shows a positive correlation with the reduction in the area of live
coral, although it is significant, its effect is relatively lower when compared to the influence of the
area of living coral. It can be explained from the fact that in the practice of coral destruction on an
island, it is usually not only caused or carried out by residents who live on the island but also carried
out by other residents of different islands.

Although on an island the increase in population is not so significant or even decreases from
year to year but on the island the area of coral reefs is still quite large, the reduction in the area of
living coral on the island will still be higher because residents from other islands contribute to coral
destruction. On the other hand, a small island with a high increase in population from year to year,
but the remaining living coral area is small, then the reduction will be lower. Seeing this fact and
adjusting the results of the analysis, it can be assumed that during the period 2008-2016, the behavior
of the use of corals, especially mining, for the making of house foundations.

There was a tendency for the selection of areas to be mined based on the consideration of the
remaining living coral area where mining tendencies were carried out in the regions the vast
remaining coral life is still high. Therefore, the effect of the number of populations, although
significant, is not as large as the influence of the initial area of living coral in influencing the reduction
of the area of living coral in an area.

The degradation of coral reefs is not entirely related to population density on a small island, so
the influence of local population pressure on a small island does not strongly affect the geographical
scale. Many locations are used as centers of activity for residents and are exposed to various potential
local pressures, but the impact is weak or has antagonistic interactions with global stressors [30].
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Figure 9. Diagram of population growth dynamics in 2006-2017 of 11 urban villages consist of 17 small
islands of Spermonde Archipelago.

3.4 Population and Extent of Dead Reefs and Rubble

The consequence of reducing live coral is an increase in the number of dead corals and rubble.
The two components of coral ecosystems are theoretically still related to living corals and population.
To see this effect, multiple linear regression analysis is used between the Addition of Dead Reef Area
(Y2) to the Initial Living Reef Area (X1) and Population Amount (X2).

The results show that the increase in the area of dead coral significantly correlates (P <0.01) with
the initial area of live coral and population (Appendix). The partial correlation test shows that the
reduction in the area of live coral is a significantly positive partial correlation with the initial area of
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living coral and the average number of residents with a partial correlation value (R) of 0.893 and
0.706, respectively.

The relationship between the addition of dead coral area (Y2) with the initial area of live coral
(X1) and population (X2) follows the equation Y2 = -0.1274 + 0.0421 X1 + 0.0001 X2 the coefficient of
determination (R2) = 0.811. This result means that the magnitude of the diversity of extending dead
coral area is influenced or can be explained by the simultaneous magnitude of the diversity of the
initial live coral area and a population of 81.1%. This magnitude means that the initial area of live
coral influences 81.1% increase in the area of dead coral and the total population, and the remaining
18.9% is influenced by other factors not analyzed.

Referring to the sign of the value of the regression coefficient, it can be said that the increase in
the area of dead coral will increase with the increase in the initial area of live coral and the average
population. The increase in the area of dead coral will increase by 0.0421 Ha for every initial increase
in area of living coral by one assumption that the population is constant or increases by 0.01 Ha for
an increase in the population of 100 people at the initial value of a specific area of living coral within
the observing time span.

The effect of the initial living area and population on the increase in the area of dead coral
appears to have a pattern similar to the decrease in the area of live coral. The difference is seen from
the coefficient value at X1, wherein the reduction of live coral area = 0.2945 and in the addition of
dead coral area by 0.0421. It means that not all the decrease in the area of living coral is changed or
converted to dead coral, but there are rubble, sand, and seagrass. If the ratio of the values of these
two coefficients is 0.0421: 0.2945 = 14.30% compared to the total reduction in the area of live coral and
the addition of dead coral area from 11 villages in 2008-2016, namely 54.77 Ha: 9.27 = 17.11%, then
there is a difference where the difference is caused by variations in the number of residents in each
village. In the results of the analysis also showed that the coefficient value of the effect of the number
of population on the addition of dead coral area by 0.01 Ha for each increase of 100 inhabitants the
value is lower than the addition of dead coral area by 0.037 Ha every increase of 100 inhabitants.

The conclusion that can be drawn from the comparison of the two regression analyses is that
although the reduction in the area of live coral and the increase in the area of dead coral are both
influenced by the initial amount of living coral and the population, the different magnitude of the
regression coefficient indicates that not all the reduction in the living coral area becomes dead coral,
but there are other factions namely rubble, sand and seagrass. To evaluate the magnitude of changes
to different fractions, specifically those that become rubble, a regression used to analyze between the
addition of the rubble area and the initial area of live coral and the population. To see this effect,
multiple linear regression analysis is used between the addition of Rubble Area (Y3) to the Initial
Living Reef Area (X1) and Population Amount (X2). The results of the analysis (Appendix) show that
the addition of the rubble area is significantly correlated (P<0.01) with the initial area of live coral and
population. The partial correlation test shows that the reduction in the area of live coral is a
significantly positive partial correlation with the initial area of living coral and the average number
of residents with a partial correlation value (R) of 0.884 and 0.783, respectively.

The relationship between the addition of rubble area (Y3) with initial area of living coral (X1)
and population (X2) follows the equation: Y3 = -0.9536 + 0.1024 X1 + 0.0005 X2 with the coefficient of
determination (R2) = 0.836. These results mean that the magnitude of the diversity of the addition of
rubble area is influenced or can be explained by the magnitude of diversity simultaneously in the
area of initial live coral and the total population of 83.6%. This magnitude means that the initial area
of living coral influences 81.1% increase in rubble area and the total population, and the remaining
16.4% is influenced by other factors not analyzed. The addition of the rubble area will increase with
the growing area of the initial live coral and the average population. The addition of rubble area will
increase by 0.1024 Ha each increase in the initial area of living coral by 1 Ha assuming that the
population is constant or increases by 0.05 Ha for every increase in population by 100 people at the
initial value of a certain live coral area within the observing period.

If the X1 coefficient value of 0.1024 in the regression of the addition of rubble area is compared
with 0.0421 in the regression of the addition of dead corals, it can be stated that the conversion of live
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coral to rubble is higher than that of dead coral. When compared with the coefficient X1 in the
regression of living coral area reduction of 0.2945, the magnitude of reduction in the area of living
coral converted to rubble according to the estimated regression equation reaches 34.77%. This value
is higher than that which is converted to dead coral by 14.30%.

The greater of live coral reduction to rubble compared to dead coral cover with algae can be
caused by various factors such as the location of exposed sediments and high energy [31]. Also, the
formation of rubble can be caused by various anthropogenic activities such as the use of bombs (blast
fishing), anchoring damage, ship grounding as observed at depths of less than three meters on several
islands in the Spermonde Islands (Samalona, Barranglompo, and Kapoposang). At a depth of 10
meters (reef slope), the effect of this factor is no longer found [32].

4. Conclusions

The results of the analysis show a higher reduction in the area of life coral on a broader area of
living coral, it is associated with the form of community activities in damaging corals such as the use
of bombs, chemical, and mining, so in fact it can be explained that indeed these activities tend to be
more intensive in areas whose coral life is still extensive because in areas with broader corals still
inhabited by many species and abundance of fish that are relatively higher so that the area is
preferred as a fishing ground. The effect of the population shows a positive correlation with the
reduction in the area of live coral, although it is significant, its effect is relatively lower when
compared to the influence of the area of living coral, which can be explained from the fact that in the
practice of coral destruction on an island it is usually not only caused or carried out by residents who
live on the island but also carried out by other residents of different islands.
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