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INTRODUCTION:
The live aboard vessel, Big Blue Explorer, ran aground on the fringing reef northeast of
Bailechesengel Island, (7o07’03”N and 134o15’89”E) in the waters of Koror State on
February 5, 2002 (Fig. 1). On February 6, 2002, the vessel was pulled off the reef where
it ran aground. The grounding site is located in a dive area that is commonly known as
the German Wall. The German Wall is part of the world-renowned Ngemelis Complex
that includes some of the most spectacular dive spots in the world such as Blue Corner.
At the request of Koror State Department of Conservation and Law Enforcement, the
research team from Palau International Coral Reef Center (PICRC) assessed the damage
resulting from the grounding of Big Blue Explorer. Members of the research team from
PICRC included Dr. Ken Okaji, Yimnang Golbuu, David Idip, Jr., Steven Victor, and Jim
Kloulechad.
Initial qualitative assessment of the grounded site was made on February 20, 2002. A
detailed quantitative assessment of the grounded site was made on February 21, 2002.
METHODOLGY:
Qualitative surveys were conducted using snorkels on the first day by the research team
from PICRC. Dominant life forms, bottom substrate, and damaged coral species were
identified and recorded. Pictures of the damaged area were also taken. On the second
day, the same research team returned to conduct quantitative surveys using SCUBA. The
size of the damaged area was then measured to estimate the area and volume of the
damage.
The first observer to enter the water identified and recorded the locally important species
of fish in the area. After the fish survey was completed, the rest of the team then entered
the water to measure the size of the damaged area, performed video transects and
identified and recorded the coral species present.
Two 50 meter video transects were completed at the site. The first 50 meter transect was
laid at the depth of ca. 1.7 meters across the damaged area, including the surrounding
undamaged area following. The second transect was laid at a depth of ca. 1.2 meters.
These transects were laid down following the depth contour of the site (Fig. 2). After the
transects were laid, a diver swam approximately 0.7 meters above the bottom and
videotaped the bottom habitats.
In the PICRC laboratory, the video images were viewed on a TV screen with five points
marked on the screen. Every seven seconds the tape was stopped and the benthos
occurring under the five points were recorded. Forty frames were viewed for each of the
transects, so a total of 200 benthic lifeforms that occurred under the points were
identified and recorded for each transects.

PICRC 9/9/03

Grounding Site

Fig. 1. Map of the Southern Lagoon showing location of the Big Blue Explorer
grounding site.
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Fig. 2. Sketch of the damaged area (not to scale) showing the location of the two
transects.
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In analyzing the first transect, 6 frames were inside the damaged area. These six frames
were excluded from the data because they did not reflect the natural condition of the site.
However, the transect was laid across the damage area to estimate percent cover at both
sides of the damaged area. The second transect was not laid in the damaged area so all
the points were used to estimate percent cover.
RESULTS:
Site Description
The site of the grounding is a fringing reef off Bailechesengel Island in the Ngemelis
Complex, which is part of the extensive barrier reef that surrounds the southern lagoon.
The slope of the reef that was hit by Big Blue Explorer is steep and consists mainly of
rubble, but it also holds a wide variety of coral species. The bottom substrate of the reef
flat surrounding the impacted area is cemented carbonate structure with good coral cover
on top. The dominant lifeforms on the reef flat are corals and turf algae.
Big Blue Explorer came into contact with the reef at a depth of about 3.9 meters and
plowed forward 27.7 meters and stopped at a depth of 1.5 meters (Fig. 3). The vessel
sliced into solid structure of the reef at the initial point of contact. With such a steep
slope and shallow reef flat, the bow of the vessel was lifted up after it first came into
contact with the reef. With the bow lifted the vessel continued to move forward.
Therefore, the depression created by the grounding was deeper at the initial point of
contact but gradually becomes shallower as the vessel moved inward. The axis of the
depression is also deeper than the sides. The depth of the depression is 1.8 meters. All
the measurements were taken during mid-tide.
The estimated total area damaged due to the ship grounding is 97.4 m2 (Fig. 2). When
Big Blue Explorer cut into the reef, a crater was created in the middle of the damage area.
Taking the depth of the crater into account, the estimated total volume of damage is 80
m3. The impacted area includes damage due to crushing, breakage, dislodging and
burying.
Corals that were growing on top of the reef were either crushed under the vessel or
thrown to the side creating a berm at the sides of the vessel. If the tide was higher during
the time of grounding, the vessel would have moved further inward on the reef flat.
Because of the steepness of the slope the propeller did not do much damage to the reef.
Possible damages from the propeller would be from stirring up the sediments and
covering the corals in the surrounding area. The physical damage included crushing and
compaction of the reef structure and damage from the debris that were thrown to the sides
as the vessel moved forward.
During the assessment of the site, corals, clam and other invertebrates that inhabit the reef
were found dead in the damaged site. There were 19 coral species that were identified in
the damaged area that have been crushed, detached, or broken due to the grounding
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Fig. 3. Picture of the site showing the extent of the damage to the reef structure.
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(Table 1). There may be more coral species that were damage due to the grounding.
Some corals, especially encrusting corals, are hard to identify once they are damaged.
Furthermore, corals that were buried by rubble or boulders were not identified, as we did
not move rubble around to see what corals were underneath. Only corals that were out in
the open that could be seen were identified.
There were paints that have been transferred from the bottom of Big Blue Explorer to the
reef substrates during the grounding (Fig. 4). Coral colonies that came into contact with
the paint died as a result of the physical contact but the areas immediately surrounding
the paint is continuing to die off (Fig. 5), probably due to the chemical nature of the paint.
Since the polyp structure of the dying corals remains intact, it rules out physical damage
as the cause of mortality.
About 20 years ago, copper was used in antifouling paints. Copper kills coral larvae and
therefore would decrease coral recruitment. At present time, tributyltin is been used
instead of copper in antifouling paint. Tributyltin inhibits metamorphosis in corals and
also has been found to have mutagenic properties.
Surrounding Environment
The coral cover at the site ranges between 21% and 35% cover (Fig. 6). The coral cover
at the reef edge where Big Blue Explorer first hit the reef is 35% (Table 2). About 28
meters in from the point of initial contact with the reef, coral cover dropped to 21%
(Table 2). The reef communities are basically consistent along the depth contour.
Therefore, we can estimate the coral cover of the damaged area ranging from 21% to
35%. It is important to note that the damaged area is wider at the reef front and becomes
narrower towards the middle of the reef. And since the reef front has a coral cover of
35%, most of the damages were at the area of the reef with the higher coral cover.
The dominant coral species at the site is the massive Porites. At the reef edge, 68% of the
corals are massive Porites, 5% Acropora, 2% Diploastrea, and 23% are encrusting and
submassive corals such as Porites rus and Pavona sp. About 8 meters toward the middle
of the reef, the percent of corals that are massive Porites drops to 45%, Acropora spp.
increase to 26% of the corals, Goniastrea sp. makes up 5%, and encrusting and
submassive corals such as Porites rus, Pavona and Pocillopora make up 24% of the
corals. Even though massive Porites dominate coral community in the area, many other
species of corals were found in the area (Table 3). A total of thirty species of corals were
identified in the immediate area surrounding the grounding site.
The area supports a community of fish species that include important food species as well
as small colorful species varieties that are attractive to tourists (Table 4). Surgeonfish
were actively feeding on around the damaged area. The highly priced Napoleon wrasse,
which has both consumption and tourism value, was also observed during the fish
surveys.
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CORAL SPECIES
Acropora brueggemanni
Acropora cerealis
Acropora florida
Favia pallida
Favites abdita
Galaxea fascicularis
Goniastrea retiformis
Hydnophora rigida
Leptastrea sp.
Pachyseris rugosa
Pavona varians
Pavona venosa
Platygyra pini
Platygyra sinensis
Pocillopora verrucosa
Porites cylindrica
Porites lutea
Porites rus
Stylophora pistillata

Table 1. List of coral species that were damaged by the grounding of Big Blue
Explorer.
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Benthic Cover

% cover

Carbonate (rock)

Transect 1
44

Transect 2
59

Corals

35

21

Halimeda (algae)

2

2

Others (ascidans &bivalves)

2

2

Rubble

9

2

Sand

4

5

Macro Algae

1

2

Sponge

2

5

Unknown

1

1

Silt

1

Table 2. Benthic cover of the two transects at the site surrounding the
damaged area.
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Fig. 4. Picture of the damaged area showing the paint that was transferred to the reef
from the grounding of Big Blue Explorer.
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Fig. 5. Picture of a massive Porites colony with paint on the surface. The areas
adjacent to the painted surface are also dying.
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Fig. 6. Picture showing coral cover at the site surrounding the damaged area.
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CORAL SPECIES
Acropora subglubra
Acropora brueggemanni
Acropora cerealis
Acropora hyacinthus
Acropora palifera
Acropora verweyi
Cyphastrea sp.
Diploastrea heliopora
Euphyllia sp.
Favia abdita
Favia matthaii
Favites sp.
Fungia sp.
Galaxea fascicularis
Goniastrea favulus
Goniastrea retiformis
Leptastrea sp.
Montipora sp.
Oxypora sp.
Pachyseris sp.
Pavona sp.
Pectinia sp.
Platygyra pini
Pocillopora verrucosa
Porites cylindrica
Porites lobata
Porites rus
Porites lutea.
Seriatopora hystrix.
Styllophora pistillata

Table 3. List of coral species found in the immediate area surrounding the
Big Blue Explorer grounding site.
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SPECIES
PARROTFISH
Scarus frenatus
Cetoscarus bicolor

0-10 CM

2

1

18
2

WRASSES
Cheilinus unduatus
BUTTERFLYFISHES
Chaetodon ornatissimus
SNAPPER
Lutjanus bohar

>30 CM

5

GROUPERS
Aethaloperca rogaa
SURGEONFISH
Ctenochaetus striatus
Acanthurus xanthopterus

13-30 CM

1

2

1

Table 4. List of important fish species and sizes in the area surrounding the
grounding site. The list does not include small colorful fishes such as
damselfish that are abundant in the area.
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Recovery of the Area
The damaged area should be able to recover naturally without any human intervention
after the paint is removed and the damage area is stabilized. It will take time for the
damage area to recover considering the type of coral species at the site. Fast growing
corals such as Acropora and Pocillopora may recover in five to ten years. Average
growth rate of Acropora is 4 cm per year. But the slow growing massive Porites that
dominate coral cover in the area will longer to recover. Growth rate of massive Porites
average about 1 cm per year. Looking at the sizes of the massive Porites at the area,
some of which have diameters over 100 cm, we can estimate the age of some to be over
100 years old. This means recovery of slow growing corals will take a long time.
RECOMMENDATIONS
•

Remove the paint to prevent the potential adverse effect on the surviving corals
and other reef organisms.

•

Stabilize the damage area to allow recovery to occur.

•

Observe the area to monitor its natural recovery.

•

Monitor the area for ciguatera poisoning especially fish high in the food chain
such as snappers and groupers. Because ship grounding has the potential to cause
future outbreaks of fish poisoning. The dinoflagellate that is responsible for
ciguatera often grows on newly cleared substrate such as those that result from
ship grounding damage.
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