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Abstract. Indonesia as an archipelagic country is prone to damage to coral
reefs. The grounding of ships on coral reefs has resulted in severe physical
and biological damage. The grounding of ships on coral reefs has resulted
in severe physical and biological damage, including the uprooting and
crashing of coral skeletons, dislodgment and displacement of sediment, and
loss of three-dimensional complexity. Most of the damage was devastating.
The purpose of this study is to identify levels of damage and impact of
shipgrounding to coral reefs in Indonesian waters. The research method in
this study uses the Line Intercept Transect (LIT) and underwater photo
transect (UPT) to measurement of the level of damage and its impact. The
result of this study is profile of coral reefs that were predominantly hit by
ships was a patch reef (67%) and and mostly occurred due to human error
(78%). This research found some types of damage in the form of a
trajectory, mounds, propeller, partials, and dispersals. There has been a very
significant change in the bottom substrate of the waters both by large,
medium, and small vessels. The average live hard coral cover in affected
area from 42.70 = 5.26%, changing to no live coral, it is mean the mortality
of live coral cover reached 100%. And rubble coverage increased from
11.1946.10% to 61+£18.41%. Increasing of rubble is an important concern
because it causes acute damage to coral reefs, the same as coral damage
caused by fishing bombs and destructive fishing.
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1 Introduction

The current condition of Indonesia's coral reefs is only 6.56% in excellent condition, the
rest are in good, moderate, and poor condition. The distribution of conditions for the western
region is around 8.97%; the central part is 4.91% and the eastern part is 4.05% [1]. Coral
reefs have an important role for other marine biota, such as providing habitat for more than
one million species and providing ecosystem services (such as providing food and protecting
beaches) for humans in tropical and subtropical regions. However, these conditions do not
make coral reefs free from the threat of damage and decline in their condition.

The decline in the condition of coral reefs is caused by natural and anthropogenic factors.
Human activities in the shipping sector (sea transportation) disrupt and damage coral reef
ecosystems such as pollution and massive damage due to ship groundings [2][3][4][5]. Since
humans first started building ships, ship strandings on coral reefs have often been inevitable
and resulted in severe biological and physical damage. The occurrence of ships running
aground on coral reefs is very rarely a concern so very few can be recorded. For example,
reported shipwreck incidents in Florida reach 600 incidents each year and if we count those
that are not reported, the number will be even higher [6]. Indonesia as an archipelagic country
has a strategic position in national and international maritime shipping lanes. Data from
marine traffic in 2017 shows that Indonesian waters are passed by ships of various types and
sizes reaching 327 thousand routes/23 km2/year (www.marinetraffic.com). The high number
of sea shipping routes in Indonesian waters causes the potential for ships to run aground and
damage coral reefs to be high.

The damage caused by the collision will vary, depending on the weight, speed, type, and
size of the ship. The damage can range from relatively minor injuries to complete degradation
of the structural complexity of coral reefs as an ecosystem. Many previous studies in
Indonesia related to coral reef damage only focused on the impact of fish bombing,
overfishing, and climate change, but studies related to the impact of ships running aground
were only found in 3-4 journals. Currently, there is very little assessment of the impact of
damage to coral reefs due to ships running aground in Indonesia, this has resulted in the
government's lack of attention to incidents of ships running aground that damage the coral
reef ecosystem. For this reason, there is a need for scientific studies that are expected to help
the government assess the impact of this damage on Indonesia's coral reefs. So this study
needs to be carried out to identify the type of coral reef profile affected, identify the condition
of the bottom substrate in the affected area, identify the type of coral affected, identify and
map areas of coral reef damage, and quantify the extent of the area and level of coral reef
damage.

2 Material And Methode

2.1 Location and time research

This research was conducted in Indonesian waters representing the western, central, and
eastern parts (Figure 1). Ships aground are grouped into 3 types, namely: phinisi, landing
craft tank (LCT) or Barge, and bulk carrier type. The research was carried out from 2017 to
2019. Each observation at each location was carried out for + 3-5 days.
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Figure 1. Location of ships that ran aground in Indonesian waters as a research location
with 3 sizes and types (Large Vessel (Bulk Carrier Type), Medium Vessel (Barge
and LCT Type), Small Vessel (Phinisi Type))

Ships ran aground in this study were grouped into 3 categories ships based on their weight

and 3 types of ships based on their shape. The groups and types of ships that have been
identified are small ships (weighing < 100 tons) with the phinisi type, medium ships
(weighing between 100-3000 tons) with the Landing Craft Tank (LCT) and Barge types; and
large ships. (weight > 3000 tons) with Bulk Carrier type (Table 1).

Table 1. Grouping of ships that ran aground based on Gross Tonnage (GT), type of ship,
and location of the ship aground

Gross
No Type Tonase Ctegory Latitude Longitude
(GT)
1 Phinisi 98 Small Vessel 5°51°11 106038'1 6
2 Phinisi 98 (<100 GT)  5047'12.38" i(l),(,) 2729,
3 %fg%ng Craft Tank 102 1°44'19 90" (1)97 27'2.7
; Medium ot
4 Lfg?ng Craft Tank 719 Vessel 1°58'088" '1'08 06'419
(LCT) (100-3,000
5 Barge 2.500 GT) 5°51°18” 110°29'17"
6 Barge 2.500 5°28°56” 95°13'36"
7  Bulk carrier 154,379 8,4780 119,5560
. Large Vessel  00°32°19,49  130°33,19'
8 Bulk carrier 4,200 (> 3’000 GT) 9 91"
9  Bulk carrier 44,203 00°30°992” ;,3,0 40728

Source: processed and modified from www.marinetrafic.com,; www.indoyachts.



BIO Web of Conferences 70, 02009 (2023) https://doi.org/10.1051/bioconf/20237002009
MaCiFIC 2023

2.2 Survey Method
2.2.1 Data Collection Techniques

The data collection technique was carried out using ground truth using SCUBA diving
equipment and using transect lines as a guide. Swim surveys for fast underwater observations
are accompanied by determining marker points and geographic coordinates (GPS) (Rapid
Reef Assessment [7].
1. Collecting data on the condition of the underwater substrate using the Underwater
Photo Transect (UPT) method

2. Collect data on coral species using the belt transect and enumeration method [8],
where observers swim in a radius of 2 x 50 m and record each type of coral found on
each transect installed.
3. Collect data on the extent of coral reef damage using the Fishbone Method (Figure
2) with a roll meter used as a measuring tool [9] [10].

4. For partial coral damage, specifically the size of the area of direct damage (affected)
is obtained using a 1 x l-meter grid quadrant technique with a 10 cm grid
(Modification of English et al, 1997) (Figure 3).

Figure 3. Square grid method (modification from English et al, 1997)
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2.2.2 Data Analysis

UPT data on each transect is analyzed using Coral Point Counter software for Excel
extension (CPCe) [11], whereas if using LIT the data will be processed using Microsoft Excel
2007 software. Analysis of the percentage of bottom substrate cover refers to the categories
specified. used English et al. (1997) to calculate the percentage of substrate cover categories
obtained from the formula :

P . fcat _ Sum of Category i 100%
ersentage of category coverage = Sum of Random Pointx 0}

atau

Long of category i
Persentage of category coverage = x 100%
Long of transect

Coral reef condition assessment generally refers to standard criteria for coral reef damage
based on criteria for assessing coral reef condition referring to the criteria developed by
Giyanto et al., 2017 (Table 2).

Table 2. Coral reef condition criteria and recovery potential

N Hard Coral Coverage Potential Recovery
0
Category Criteria Kategori Criteria
1 Low <19% Low Fleshy seaweed => 3% atau
2 Moderate |19 -35% Rubble > 60%; HC <= 5%
. . Fleshy seaweed < 3% atau Rubble
o
3 High >35% High <= 60%: HC > 5%

The total area of affected of coral damage was obtained by measuring the distance
between points directly underwater. Based on the formula for calculating the area of an
irregular polygon :

XYy X Y+ (X Yo =X Y )+ (XY = X Ya) e+ (K Y- XY,
2

(AP = area of the polygon, while X and Y are the coordinates of a point when viewed
from the X or Y axis), These two measurement techniques are analyzed with the help of a
computer program. The distance between points underwater is plotted and analyzed using a
combination of the CPCe software program.

Non-parametric statistical analysis uses the Kruskall Wallis Test with SPSS Statistics 23
software. This test is used because the data taken is natural condition data that cannot be
controlled. This statistical analysis was carried out to see differences in changes in the
condition of the bottom water substrate in the control area and the affected area.

Ap

3 Result And Discussion

3.1 Profile of affected coral reefs and causes of ships running aground

The incidence of ships running aground on coral reefs mostly occurs on patch reefs as
much as 67 percent and on fringing reefs as much as 33 percent (Figure 5). The ship ran
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aground in Indonesian waters at 9 locations caused by human error, bad weather, and signal
failure. Most of the causes are human error (78 percent), bad weather 11 percent and signaling
failure 11 percent (Figure 4).

11%

= Human Erorr
= Bed Weather
Signal Failure

Figure 4. Percentage composition of causes of ships running
aground on coral reefs

The incidents of ships running aground on coral reefs in this study were identified as
mostly caused by human error, bad weather and signal failures.

= Patch reef

= Fringging
reef

Figure 5. Percentage composition of coral reef profiles hit by ships

Ships running aground on coral reefs have occurred since the development of the world
of shipping. According to Hayasaka-Ramirez and Ortiz-Lozano (2014), ship strandings
occurred during the period 1902-1945 and 1970-2010, which were caused by human error,
engine failure, bad weather, and signal failure. This is in line with the results of this study
that ships ran aground in 9 locations due to human error, bad weather, and signaling failures
during shipping. The locations where ships ran aground on coral reefs mostly occurred on
patch reef and a few on fringing coral reefs. Incidents like this were also reported to occur in
Florida, most of which affected on patch reef that were not visible from the surface [9].

3.2 Impact on the condition of the underwater substrate

Observation of the condition of the bottom substrate was divided into 3 areas, the natural
area (control area) which is 5-10 m from the grounded location, the indirectly affected area,
and the directly affected area. The control area is an area of coral reef that is not affected by
the ship running aground. Determining this control area is very important to see changes in
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the bottom substrate before the disturbance occurs, so that changes in the condition of the
bottom substrate at that location can be seen. Observation of bottom substrate conditions in
this study is based on 5 main groups, namely live coral (LC), dead coral (DC), dead coral
with algae (DCA), Rubble (R), biotic = non-coral benthic animals and abiotic = sand, mud,
and rock.

The results of observations at the location where the ship ran aground showed that there
had been a change in the condition of the bottom substrate of the waters. On large ship (bulk
carrier ships), there has been a significant reduction in live hard coral (LC) cover from an
average of 49.54 + 17.23% (control area) to only 1.09 + 0.61% (directly affected area) and
8, 99+4.53% (indirectly affected area). Based on changes in LC cover, it can be said that
98.92% of live hard corals was died in directly affected areas. In addition, rubble cover
increased significantly from only 11.19 + 6.10% (control area) to 61 + 18.41% (directly
affected area) and 29.01 + 16.91% (indirectly affected area), while other substrate categories
(DCA, DC, Biotic, and Abiotic) tend to be stable (Figure 6A).

Impacts by medium vessels also cause very significant changes in the bottom substrate
of the waters. This can be seen in the average live hard coral cover of 42.70 + 5.26% (control
area), changing to no live coral at all in areas directly affected. This means that the death of
live hard coral reaches 100% in directly affected areas. Apart from that, very significant
changes also occurred in rubble cover, from only 0.83 + 0.69% in the control area and
increasing drastically in the directly affected area to 73.00 + 20.29% and indirectly affected
areas to 18.74 +9.14%. Dead coral cover (DC) also increased from only 2.21% in the control
area to 25% in the directly affected area and 19.32% indirectly affected area (Figure 6B).

On the small boat (Phinisi type), changes in the bottom substrate of the waters also
occurred in live coral from 35.45 + 0.31% (control area) decreasing to 11.40 £ 0.0%
(indirectly affected area), and no live coral was found in the directly affected area. Based on
the very significant change in live hard coral cover, it shows that there has been 100% death
of live hard coral in the directly affected area. This was also followed by an increase in rubble
cover from only 6.51 &+ 6.51% (control area) to 60 = 5% (directly affected area) and 31.39 +
0% (indirectly affected area) (Figure 6C).

In general, it can be said that all sizes and types of ships that have run aground have
caused very significant changes in the condition of the bottom water substrate, where the
initial conditions were dominated by live coral cover, changing to the dominance of rubble,
DCA, and DC. This change was considered very significant based on the results of the
Kruskall-Wallis test showing that the change in the condition of live coral cover to dead coral
was significantly different, in crushed areas and dispersal areas for all sizes and types of ships
that ran aground. This can be seen from the P-Value (Asymp. Sig) of 0.047 < 0.05 which is
the critical limit value.
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Figure 6. Condition of the waterbed substrate in the control area, directly affected and
indirectly affected by all types and sizes of ships (A: Large Ship (bulk carrier
type), B: Medium ships (Barge and LCT type), C: Small Ships (Phinisi type))
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The impact caused by a ship running aground on coral reefs is assessed based on changes
in the condition of the bottom substrate between the control area and the affected area
(directly and indirectly). Based on the results of this study, there is a change in the condition
of the bottom substrate, which was dominated by live coral cover, changing to become
dominant with rubble, dead coral, and dead coral with algae. The results of research by
several experts state that the impact of a ship running aground causes a decrease in live coral
cover in the form of uprooting, crashing, destruction of coral skeletons, and displacement of
sediment deposits, as well as loss of the three-dimensional complex structure of coral reefs
[14][15][16][17][4][18]. Apart from that, according to Schroeder et al., (2008), when a ship
hits a coral reef, it will open up the colonization of the previously existing substrate, thereby
creating an open space that is difficult for young corals to attach to. Furthermore, according
to Alison et al., (2012) stated that the percentage of live coral that survives at the site of a
ship running aground after more than one year is generally very low..

Rubble beds are difficult to grow or attach to coral juveniles because their movement is
very dynamic, so it will hinder the recovery of coral reefs. This is in line with the statement
of Giyanto, et al. (2017) and Idris, et al. (2022) that dominant rubble cover will reduce the
ability of coral reefs to recover. The low recovery of coral reefs is due to the very low
recruitment of coral juveniles in the rubble and it is also possible that there will be no
recruitment, but will be overgrown or covered by algae [20] [21] [22] [23]. Another impact
is the loss of living coral colonies around it, because rubble is very easily carried by currents,
waves, and storms [24][25]. Such physical damage is acute and is a significant source of
disturbance and mortality for coral reefs and hinders recovery [26][21][27].

3.3 Affected Area, Level and Extent of Damage to Coral Reefs

In this study, the types of damage to coral reefs due to ships running aground are grouped
into 3 groups based on ship size (small, medium and large) and ship type (phinisi ships,
barges and LCT ships, and bulk carrier ships) namely:

3.3.1. Large Vessels (bulk carrier ships)

The results of observations this study was found 4 areas of damage to coral reefs caused

by ships, based on the traces, type, and level of damage, that is :

a. The trajectory Area (Figure 7) is the main area where the ship's body collides, passes,
and runs over coral reefs. The main characteristic of damage in this area is that coral
reef formations are cut or eroded flat, eliminating the 3-dimensional structure of the
coral reef. In this area, sometimes reef flats that have been hit will form like a "canal"
with rubble dominant. Often it will also form long mounds of coral reef pieces on the
left and right sides like "canal walls" with varying heights ranging from ~0.5 m to
more than ~3 m.

areas crushed by large bulk carrier sh1ps
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b. The mound area ( Figure 8) is a pile of various coral fragments and limestone
skeleton fragments piled up on the left and right sides like a "canal wall" with
different mound heights depending on the size of the ship. As in the runoff area, the
damage to coral reefs and other benthic biota was very severe, no surviving benthic
biota was found in this area. The bottom substrate of the waters found was dominated
by rubble, sand, and fragments of coral limestone skeletons lifted by the ship's hull.

The results of measuring the height of the "wall" reached an average of 2.5 m.

5 o 3 -
1 (fa‘r’i’sf"e: al 2020)
Figure 8. Condition of the coral reef in the mound area (A=left mound and B=right
mound) on a large bulk carrier-type ship.

c. The propeller zone area, (Figure 9) is a reef flat with a certain depth that forms a
"bowl/puddle”". The number of “bowls” will depend on the movement of the ship
when trying to get out of the grounded area. The damage to this area was also very
severe, but the form of damage was in the form of coral fragments being lifted and
thrown into the surrounding area. The damage can be in the form of split and cut
pieces of coral that are larger than rubble.

Source photo : personal documentation (I 2020)

Figure 9. Condition of coral reefs iﬁ the proeller area on large bulk carrier ships

d. The dispersion zone area (Figure 10) is the area on the left and right sides of the
mound area which indirectly follows the dynamics of currents, waves, and storms.
This dynamic lifts the remaining sediment and unstable coral fragments and covers
the surrounding living coral. The damage in this area was quite severe but did not
kill all the coral and benthic biota. The main characteristic of the damage is that live
coral colonies are buried or crushed or partially crushed by coral fragments, but this
will likely increase in size over time due to the influence of storms or oceanographic
dynamics.

10
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Figure 10. Condition of coral reefs in the dispersal area by large bulk carrier ships.
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Figure 11. Sketch of the results of measuring the extent of damage to coral reefs by large
bulk carrier ships in Indonesia (A= Bangka waters, B= Belitung waters C= Raja
Ampat waters)

11



BIO Web of Conferences 70, 02009 (2023)
MaCiFIC 2023

A complete summary of the extent of damage to coral reefs by large bulk carrier ships in
Indonesia is presented in Table 3 and an illustration of the damage is shown in Figure 11.

Table 3. Calculation of the extent of damage to coral reefs by 3 large bulk carrier ships

No Damage Area Extent of Damage (m?) Persentage of Coral Mortallity (%)
1 Dispersal 18.398 55-98
2 Mound 3.133 99-100
3 Trajectory 41.714 99-100
4 Propeller 6.319 99-100
Total 69.564
3.3.2. Medium Vessels (Barge dan LCT)

Observation results showed that the ship had run aground, leaving white coral marks. This
mark is used as a point for installing buoys, mapping and assessment. Underwater
observations, it was seen that the top of the reef flat was cut or trimmed by the ship's body.
There are three areas of coral reef damage were identified based on the trace, type, and level
of damage, namely :

a.

Trajectory area (Figure 12)

It is the direct impact area or the main area where the ship's body ran aground,
collided, and ran over. Severe damage that occurs on shallow reefs is characterized
by the type of damage to coral colonies with various growth forms and species.
Conditions of damage and mortality reached 100 percent. The pieces of coral
colonies form a flat, white track.

q*:% e K & ' E N
Figure 12. Condition of coral reefs in areas crushed by medium-sized barge and
LCT vessels

Partial damage area (Figure 13)

These are points of damage to one or more coral colonies that are spread far apart
and occur on relatively deeper coral reefs. The main characteristic is that the coral
colony is trimmed or cut, causing the coral colony to break, lift, or turn over,
sometimes you can also see pieces of the white limestone skeleton of the coral. For
example, several Acropora tabulate and branching were also cut and uprooted,
leaving fragments of coral colonies around them. Fractures of coral colonies cover
other living corals.

12
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Figure 13. Condition of coral reefs in partial areas
by small barge and LCT type vessels

c. Disspersal Area (Figure 14)
This is an area indirectly affected in the form of coral fractures and coral colony
fragments that fell around the main point of damage.

Figure 14. Condition of coral reefs in the disperéal.area
by medium vessels (Barge and LCT types)

13
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Figure 15. llustration of the measuring the extent of damage to coral reefs by
medium vessels of the LCT (A) and Barge (B) types in Indonesia.

The complete extent of damage to coral reefs by medium vessels is shown in Table 4
and a sketch of damage measurements is shown in Figure 15. The total area of damage
recorded was 38,890 m?.

Table 4. Calculation of the extent of damage to coral reefs due to the grounding of 4
medium vessels (Barge and LCT-type).

No  Damagews  PDumc P of s
1 Dispersal 36.062 50-98
2 Parsial 52,47 99-100
3 Trajectory 2.775,2 99-100
Total 38.889,67

3.3.3.  Small Vessels (Phinisi Type)

Coral reef damage by this type of ship was identified into 2 areas of coral reef damage
based on the trace, type, and level of damage, namely :

a. Trajectory Area (Figure 16)
This is the direct impact area or the main area where the ship's body has run aground,
collided, and run over. The crushed coral appears to have died and the coral has
turned upside down. Coral colonies split, break, and become large and small chunks.

14
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The force of the impact caused fragments of coral colonies to scatter on the bottom

Figure 16. Condition of coral reefs in the area crushed by a small boat (Phinisi type)

b. Dispersal Area (Figure 17)
This is an area indirectly affected by the ship running aground. The main
characteristic of the damage is in the form of dead coral colonies that crush or
impinge on surrounding living coral colonies, due to oceanographic dynamics. This
condition causes several living coral colonies to die and widespread damage.

Figure 17. Condition of coral reefs in the dispersal area by small phinisi type
boats.

15
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Figure 18. Illustration of the measuring the extent of damage to coral reefs by
small vessels (phinisi type) in Indonesia

A complete summary of damage to coral reefs by this type of ship is presented in Table
5 and Figure 18, with a total area of 163.81 m?.

Table 5. Calculation of the extent of damage to coral reefs due to the grounding by 2 small
boats (phinisi type)

Extenet of damage Persentage of

No Damage Area 5 Coral Mortallity
(m?) 0
(%)
1 Dispersal 4,59 50-98
2 Trajectory 159,22 100
Total 163,81

The extent of damage to coral reefs due to ships running aground varies from just a few
hundred meters by small ships to thousands meters caused by medium and large ships. The
area of damage caused by each type and size of the ship is mapped into several areas, such
as trajectory, mound, propeller, partial, and dispersal. The trajectory, mounded, and propeller
areas were very serious damage with death coral reaching ~100% and the dominant bottom
substrate being rubble. Partial and dispersal damaged areas are also quite severe damage, but
we can still find remaining live coral. According to Yusuf (2014), all coral in the affected
area will be eroded flat, with the dominant coral dying and breaking into small pieces (< 25
cm) which are unstable if carried by currents and waves. Several other research results also
reveal that careless rescue operations increase damage to coral reefs that should not be
affected and cause long-lasting acute effects on the coral reef recovery process [29][30]. The
same thing was also stated by Shutler et al., (2006) that the ship ran aground caused coral
reefs to break, become detached and unstable, and caused incidental injuries to surrounding
animals and plants. Another impact that arises from rescue efforts that guide the movement
of ships out of their grounding places will expand coral damage beyond the ship's parking
area. After the ship leaves, it will leave "wounded" coral which will kill the coral [31][22].
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Based on observations, the coral damage that occurred was massive and acute. The level
of damage that occurs is more influenced by the size of the ship, speed, and heavy load. This
is in line with the statement of several previous studies that damage to coral reefs is
influenced by speed, condition of cargo, and angle of the ship's bow when it hits coral reefs,
for example, large ships (>75 ft in length) very easily damage thousands of square meters of
coral reefs and benthic biota [25] [32].

3.4 Diversity of coral species and conservation status

Conservation criteria for the protection of species and communities are assessed based on
their uniqueness, threat, and usefulness (UU No. 5/1990) using the importance of species,
community, and ecosystem approach which is the main consideration in this coral reef
ecosystem. Referring to the identification results, almost all coral species found at the
location where the ship ran aground were included in the IUCN (International Union for
Conservation of Nature) red list.
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Figure 19. Ten hard coral genera with the highest number of species found in all
shipwrecked locations

The results of studies at all locations where ships ran aground have found a total of 49
hard coral genera. A total of 46 hard coral genera are in the Anthozoa class and 3 genera are
in the Hydrozoa class. The total number of hard coral species found was 209 species. Overall,
the dominant species affected are from the Acropora genus 12.92% (27 species), the
Montipora genus 8.13% (17 species), and the Favia and Porites genera 5.26% (11 species),
while the remaining genera are below 1% ( Figure 19).
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Figure 20. Percentage composition of conservation status of affected corals based on [UCN
Red list categories.

The conservation status of coral affected by the ship running aground based on the [UCN-
Red list has successfully identified 2 species (0.96%) in the Data Deficient (DD) category;
66 species (31.58%) are in the least concern (LC) category; 53 species (25.36%) are in the
near threatened (NT) category; and as many as 34 species (16.26%) are in the vulnerable
(VU) category (Figure 20). The dominant corals affected are in the 'threatened' and least
concern categories, This means coral species are considered to be close to vulnerable because
its population and distribution depend on conservation efforts and must be the focus of
attention in monitoring its population and distribution in nature. The focus of attention in this
study recommends looking at the 'vulnerable' (vulnerable) category of 34 types of hard coral,
which means these types are approaching threatened status, where most of the causes are
damage or loss of habitat for these types.

4 Conclussions

1. The dominant profile of coral reefs hit by ships is the patch reef and mostly occurs due to
human error.

2. Coral reef damage by large vessels was identified into 4 areas of coral reef damage,
namely: (i) a Trajectory area with a very severe level of damage, (ii) a mound area with
a very severe level of damage, (iii) a Propeller area, with a very severe level of damage,
and (iv) a dispersal area with a level of the damage is quite serious. Live coral cover
decreased drastically and rubble cover increased significantly reach ~ 100% and 97
species coral was affected in the 3 locations of study.

3. Coral reef damage by medium vessels was identified into 3 areas of coral reef damage,
namely : (i) Trajectory areas with death coral rates reaching 100%, (ii) partial damage
areas with death coral rates only in colonies, and (iii) dispersal areas with death coral
reaching ~50%. Live hard coral cover decreased significantly, while rubble and dead
coral cover was increased and 109 species coral was affected.
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Coral reef damage by small vessels was identified into 3 areas of coral reef damage,
namely : Trajectory areas, with very severe damage, and dispersal areas, with quite severe
damage, coral death reached ~50%. Live hard coral cover decreased drastically and
rubble cover was increased and 90 coral species was affected.

Damage to coral reefs due to ships running aground has caused massive and acute coral
damage in Indonesian waters
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