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Abstract

Selingan Island is well known as a turtle sanctuary in Sandakan, Sabah. However,
beach erosion has affected both infrastructure and turtle nesting grounds on the
island. As one of the solutions, stone revetment and reef ball structures were
deployed at the southeast part of the island in 2005 and 2007, respectively. The
uneven stony surface of reef ball structures creates tiny pockets of space for
attachment and colonization of coral larvae and sessile invertebrates. The objectives
of this study are to determine the condition of the reef ball structures and to identify
the types of marine fauna within these structures. The field surveys were carried out
in May and December 2017. The survey area covered the 120 m length of balls
structures for inventory of marine fauna using random quadrat sampling and
observation of the reef balls condition. The survey areas were divided into Part 1 (1-
40 m), Part Il (40-80 m) and Part Il (80-120 m) from the shoreline of the island.
There was only one reef ball unit damaged and others were intact with encrusting
marine invertebrates and other associated marine life. The structures of the reef
balls play an important role as an artificial marine habitat. A total of 3,583 individual
(298 inv/m-2) of invertebrates (barnacles, bivalves, limpets and gastropods) were
identified and 26 marine fauna species comprising of fishes, algae and corals
associated with the reef balls structures. The marine fauna was expected to be
higher if the survey could be done at the different tidal cycles, weather conditions
and increase number of the survey. The findings provide insight of marine fauna at
the reef balls structure in Selingan Island and enhance baseline data for marine
resources management in the marine protected area of Turtle Island Parks.
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Introduction

The shoreline protection such as submerged breakwater, sea walls, stone
revetment and artificial reefs are installed along the shoreline to protect the
beach and property from erosion. These structures act as additional physical
substrate for various marine fauna and enhance biodiversity in the coastal areas
(Harris, 2001; Sherman et al., 2002). For example, encrusting invertebrates are
commonly found organisms on a man-made structure such as sea wall (Lee et
al., 2009; Lai et al., 2018) and reef balls (Barber & Barber, 1996) and further
improve the attenuation of wave energy, enhance water quality and as food
sources for humans (Nelson, 2004).

Selingan Island is one of the three Turtle Islands, located about 40km from
Sandakan (Sabah) on the edge of the Malaysia-Philippines international
border. This island is very important as it provides nesting beaches for the
endangered green turtle (Chelonia mydas) and the critically endangered
hawksbill turtle (Eretmochelys imbricata). The annual nesting recorded for the
green and hawksbill turtles range between 3000 to 8000, and 50 - 179,
respectively (Joseph, 2017). Selingan Island has a long history of sea turtle
conservation, where it was started in the 1930s by the North Borneo British
Company, and in 1977 Selingan together with the other two islands (Gulisaan &
Bakkungaan Kecil) was gazetted as the Turtle Islands Park (Chan & Liew, 1997),
currently under the management of the Sabah Parks. However, beach erosion in
the southern part of the island is the biggest challenge faced by the local
authority. This contributes to loss of the turtle’s nesting area and damages on
infrastructure such as the Sabah Park’s office and jetty (Razak et al., 2015). As
a solution, Sabah Parks has deployed two types of shoreline protection; the stone
revetment and reef balls.

The Sabah State Government allocated about RM1, 880,000.00 to install 290
units of reef balls (Goliath balls) at the southeast part of Selingan Island in 2007.
These reef balls were set up as a submerged breakwater and as an additional
structure to the stone revetment deployed in 2005. Most reef balls used as
shoreline protection are deployed in deeper water, are constantly submerged
and located further offshore (Sherman et al., 2002; Harris, 2009). Reef balls
were identified as the best option for this island after considering the turtles’
access to the beach, aesthetics, and tidal range condition. Based on the Sabah
Parks information, the length of the reef balls is estimated at 470 m. However,
a satellite image from Google Earth (2020) indicates that the length of the
exposed reef ball was only 180 m and the others in the area are probably buried
by the sand at the south of the island. The objectives of this study are to
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determine the condition of the reef balls as shoreline protection and to identify
marine fauna present within the reef ball’s structures.

Materials and Methods

The reef ball layout at Selingan Island (6°10°20.63” N, 118°03°37.32” E) is in L
mirror shape arrangement and built almost parallel to the beach at the south of
the stone revetment (Figure 1). The reef balls were supplied by Reef Ball Asia
Sdn. Bhd. to Sabah Parks to tackle beach erosion by reducing current and wave
action to the beach. The reef balls were set up into three segmented breakwater
sections and use three rows of Reef Ball ™ units for each segment. Reef balls
imitate a natural system with varying size of holes. The holes in the interior
cavity are smaller than the exterior to create a whirlpool and upwelling effect
to nourish marine life attached to the reef (Banerjee, 1994; Reef Ball Foundation,
2017).

The field surveys were carried out on 23 to 24 May 2017 and 27 to 28 December
2017. The survey area was divided into three parts (Figure 1); Part 1 (1- 40 m),
Part Il (40-80 m) and Part Il (80-120 m) of the island. The reef balls survey area
started from the shoreline towards the offshore covering about 120m length of
the reef balls. The condition of the reef balls was recorded and compared with
a survey done in 2011 (Sabah Parks & UMS, 2013). A total of 24 quadrats (50 cm
x 50 cm) were randomly placed on the top and middle part of the reef balls to
estimate the total number of individual marine fauna. At the same time, gliding
and snorkelling for other associated marine fauna around the reef balls
structures were carried out by taking photographs for further identification to
the lowest taxa (Calumpong & Menez, 1997; Wood & Aw, 2002). No sample was
taken as this study site is located at a marine protected area.

Results and Discussion

The 11 years of reef balls deployment in Selingan Island has played an important
role in shoreline protection and preserved the turtle nesting areas for the island
(Chen et al., 2018). During low tide, the reef ball structures are totally exposed,
partially exposed and submerged at Part 1, Part Il and Part I, respectively. The
reef balls provide a physical structure and substrate to support primary and
secondary production (Lee et al., 2009; Harris, 2001; Lai et al., 2018).
Throughout the surveys, the reef balls installed in the Turtle Islands Parks were
intact and in good conditions except for one broken reef ball unit encountered
at Part Il.
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Reef ball structures and marine fauna at Part |

The most dynamic area of Selingan Island is located at the south of the island
where the formation of a sandbar was periodically observed (Chen et al., 2018).
Sand accumulated on the reef balls changed based on the direction of wind-
waves and local currents. In 2011, the reef balls at part | was buried by sand
(Figure 2a) and connected to the island (Sabah Parks & UMS, 2013).
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Figure 1. Location of the reef balls and survey area at southeast of Selingan Island
(Source: Google Earth 2020)
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In in 2017, half of the reef balls structures in Part | were exposed and separated
about 5 m from the shoreline during the survey (Figure 2b). The submerged
crevices top of the reef balls provides a hiding habitat for snails (Figure 2c) while
oysters and barnacles dominated the bottom part of the reef balls (Figure 2d).
Part | of the survey area has a lower number of marine fauna as the reef balls
have longer exposure time to the sun during low tide. The level of the exposure
is dependent on the tidal condition, local currents influencing the sediment
transport and seasonal monsoons (Saleh et al., 2013).

4 & 3 \

Figure 2. Reef balls in Part | partially covered by sand, (a) exposure during love tide, and
(b) submerged during high tide. Various types of sea snails found on the top area of the
reef balls (c), and oysters found on the submerged area of the reef balls (d).

Reef balls structures and marine fauna at Part I

Strong waves during storms and exposed to the air during low tide may limit
marine organisms occupying the upper part of the reef ball structures in Part Il.
Both the outer and inner surfaces of reef balls were occupied with oysters,
barnacles and limpets (Figure 3a). Most oysters and barnacles were dominated
at the top and middle of the reef ball structures while re-suspended sand buried
the base (lower part) of the reef balls. Limpet and sea snail species play a major
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role in controlling the algal community since algae are their main diet (Dayton,
1971; Lubchenco, 1978; Nicotri, 1977).

The sand can be transported elsewhere if the surrounding current pattern and
wave actions change. The damaged reef ball (Figure 3b) and small coral colonies
were covered by sand at the base of the reef balls (Figure 3c). School of juvenile
fish were observed swimming within reef balls structures (Figure 3d).

Figure 3. Reef balls in Part Il. (a) reef balls structures dominated by barnacles and (b)
only one unit of reef ball was damaged. (c) Small coral colonies growing on the base and
partially covered by sand and (d) juvenile fish from various species swimming within reef
balls.

Reef ball structures and marine fauna at Part Il

Full structures of the reef balls were observed at Part lll. Several reef balls have
signs of scouring processes at the base of the reef balls and provide a larger
substrate area for epiphytic species (algae, cyanobacteria, biofilm and diatoms)
to growth. Present of epiphytic species increase food availability and promote
settlement of the other associated marine fauna such as rabbitfish and
butterflyfish (Figure 5a) which is a health indictor of coral colonies and to
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support the population of corallivores (Hourigan et al., 1988). The water is clear
where algae and corals (Figure 5b) adapt with the surrounding environment. The
highest abundance and diverse marine life are found in Part Ill compared to Part
land Part Il (Figure 4). Most of the species listed in Table 2 are found in Part IIl.

The highest associated marine fauna species identified at the reef balls belong
to the class of Actinopterygii (ray-finned fish) such as damselfishes, parrotfish,
wrasses and butterflyfish with estimated average size less than 12 cm in length.
Other species are blenny fish that live within crevices or soft corals (Figure 4c)
while black damselfish known as territorial marine fish swim around reef balls.
Echinoidea (Diadema sp and Heterocentrotus sp) were spotted hiding among the
reef ball’s crevices in Part Il and Part Il (Figure 4d).

2ok i
Figure 4. Diverse of organism living among reef balls at Part Ill. (a) Rabbitfish and
butterflyfish swimming within the reef ball. The surface of reef balls provided a substrate
for (b) green algae, hard corals and (c) soft coral to settle and thrive. Reef ball provides a
structural hideout for invertebrate such as (d) sea urchin.
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Figure 5. Percentage and number of individual of invertebrates found on reef balls from
24 quadrats.

Inventory of the marine fauna at reef balls area

Marine fauna on hard structures can be ranked according to their ability to
colonise and compete for space which are greatly influenced by the historical
components, predation, reproduction and abundance of settling larvae (Osman,
1977). During their larval stage, the survival, growth and colonization depends
on the ability to cope with the surrounding environment (Garland & Zimmer,
2002). These species also prefer sand-rock or seawalls as substrate areas
(Batomalaque et al., (2010) Lee et al., 2009; Lai et al., 2018). A total of 3,583
individual marine fauna were counted within the 24 quadrats (Table 1). A total
of 3,048 individuals (83.57%) from the total fauna identified are barnacles
(Tetraclita multicostata, Tetraclita porosa and Tetraclita sp.) (Table 1: Figure
5). On the other hand, 308 individuals (8.60%) of bivalves, consist of Saccostrea
cucullata, Xenostrobus sp. and Isognomon perna. Limpets consist of 22
individuals (5.89 %) from the genus of Cellana, Patelloida, Siphonaria while 16
(0.33%) individuals of snails from the genus of Nodilittorina sp., Tubro sp. There
were also unidentified species from the group of limpet and snails (Figure 5;
Table 1).
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Table 1. Inventory of invertebrates from 24 quadrats on the reef balls structure

Class Common name Species No of organisms
Maxillopoda Barnacles Tetraclita multicostata 2593
Tetraclita porosa 447
Tetraclita sp. 8
Bivalvia Oysters Isognomon perna 27
Saccostrea cucullata 171
Xenostrobus sp. 110
Gastropod Limpets Cellana rota 1
Cellana sp. 25
Patelloida saccharinoides 20
Patella sp. (1) 22
Patella sp. (2) 3
Siphonaria atria 13
Siphonaria javanica 45
Siphonaria sp. (1) 19
Siphonaria sp. (2) 36
Unidentified (1) 26
Unidentified (2) 1
Sea snails Nodilittorina sp. 2
Turbo sp. 5
Unidentified genus (1) 7
Unidentified genus (2) 2

A total of six classes (Gastropod, Holothuroidea, Bivalvia, Actinopterygii,
Anthozoa and Echinoidea) of associated marine fauna were identified (Table 2).
Bivalvia (Tridacna sp) and various types of Anthozoa (hard and soft corals) were
found on the base of the reef balls as this area is constantly submerged and less
exposed to wave actions (Figure 3c). A variety branching, tabletop and massive
corals grow on the reef balls that may create a microhabitat for juveniles of
rabbitfish, parrotfish snapper, silver pomfret and butterflyfish (Figure 4a and
Table 2). Some corals that grow inside the reef balls provide extra habitat within
the reef balls. Reef balls also provide hard substrate surface to colourful
anemone species and macroalgae such as red and green algae (Figure 4b). The
marine fauna identified (Table 2) are generally small in size. These indicate
that the reef ball structures may provide a temporal or nursery habitat in Turtle
Island Parks.
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Table 2. Inventory of associated marine fauna within reef balls
Class Common name Genus / Species Malay name
Bivalvia Giant clam Tridacna maxima Kima
Giant clam Tridacna crocea Kima
Gastropod Cowrie Cypraea sp siput
Holothuroidea  Black sea cucumber Holothuria atra Timun laut
Black sea cucumber Halothuria leucospilota Timun laut
Echinoidea Long spine sea urchin Diadema setosum Landak laut
Pencil urchin Heterocentrotus sp Landak laut
Actinopterygii Indo-Pacific sergeant Abudefduf vaigiensis
Silver pomfret Pampus argenteus Bawal perak
Ocellaris clown fish Amphiprion ocellaris Nemo
Golden spot rabbit fish Siganus guttatus belais
Two bar rabbit fish Siganus doliatus belais
Parrotfish Scarus sp bayan

Longfin damselfish

Black spot snapper

Copper band butterflyfish
Lined butterflyfish
Cleaner wrasse

Moon wrasse

Blenny

Saw jawed monocle bream

Stegastes diencaeus
Lutjanus fluviflamma
Chelmon rostratus
Chaetodon sp
Labroides dimidiatus
Thalassoma lunare
Salarias sp

Scolopsis ciliata

Pisang-pisang

Anthozoa Table coral Acropora sp
Coral Montipora sp
Stony coral Oxypora sp
Leather coral Sinularia sp
Sea anemone Heteractis sp
Conclusion

There was no major change of the reef ball physical structure in Selingan Island
between 2011 and 2017 except for encrusting invertebrates on reef balls. The
dynamics of sand at southern part of the island affect the reef ball structures
and the distribution of marine fauna. Reef ball structures located closer to the
beach (Part I) was partially buried by sand as a scouring process occurs further
offshore (Part Ill). Temporally accumulation of sand occurs in this area as several
marine fauna were buried alive while the scouring process creates a hiding space
for many marine life at the base of the reef balls.

The reef balls at Selingan Island play an important role as a refuge site, food
source, settling substrate and habitat of various marine fauna. A total of 3,583
individual invertebrates on the reef ball structures and 6 classes of associated
marine fauna were recorded during this survey. The most abundant species are
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barnacles followed by bivalves, limpets and snails. Diversity of marine fauna
increased from Part | to Part Ill of the survey areas.

The reef balls in Selingan Island provide shoreline protection and enhance the
marine habitat for Turtle Island Marine Park. The presence of butterflyfish
indicates a healthy habitat condition within the reef ball structures. The finding
provides baseline data and an insight of marine fauna within the reef ball
structures. A number of fauna could not be identified to the lower taxa due to
poor pictures quality for species identification. The inventory of the marine
fauna can be improved by increasing survey areas and time of observation. Tidal
cycles and seasonal monsoons need to also be considered for the next survey.

Acknowledgements

This project was funded by the Ministry of Science, Technology and Innovation,
Malaysia (Research Grant: GL 00086). We express our sincere appreciation to the
staff of Sabah Parks posted at Turtle Islands Park for their continuous guidance
and support during the field trip. We would like to the staff of the Borneo Marine
Research Institute for their assistance in the laboratory analysis and data
interpretation.

References

Banerjee S. 1994. Upwellings, downdrafts, and whirlpools: Dominant structures in
free surface turbulence. Applied Mechanics Reviews 47(6S): S166-5172.

Barber TR, Barber GL. 1996. U.S. Patent No. 5,564,369. Washington, DC: U.S.
Patent and Trademark Office.

Batomalaque GA, Arce BGP, Hernandez MBM, Fontanilla IKC. 2010. Survey and
spatial distribution of shoreline malacaofauna in Grande Island, Subic Bay.
Philippine Journal of Science 139(2): 149-159.

Calumpong HP, Menez, EG. 1997. Field guide to the common mangroves, seagrass
and algae of the Philippines. Bookmark. Makati City.

Chan EH, Liew HC. 1997. A management plan for green and hawksbill turtle
population of the Sabah Turtle Islands. A report to Sabah Parks. SEATRU
(Sea Turtle Research Unit), Faculty of Fisheries and Marine Science,
Universiti Pertanian Malaysia. Kuala Terengganu.

Chen NG, Saleh E, Yap TK. Isnain I. 2018. Effect of artificial structures on shoreline
profile of Selingan Island, Sandakan, Sabah, Malaysia. Borneo Journal of
Marine Science and Aquaculture 2: 9-15.

Dayton PK. 1971. Competition, disturbance, and community organization: the
provision and subsequent utilization of space in a rocky intertidal
community. Ecological Monographs 41(4): 351-389.



Marine Fauna on Reef Balls Structures of Selingan Island 215

Garland ED, Zimmer CA. 2002. Hourly variations in planktonic larval concentrations
on the inner shelf: emerging patterns and processes. Journal of Marine
Research 60(2): 311-325.

Harris LE. 2001. Submerged reef structures for habitat enhancement and shoreline
erosion abatement. US Army Corps of Engineers Coastal & Hydraulic
Engineering Technical Note (CHETN).

Harris LE. 2009. Artificial reefs for ecosystem restoration and coastal erosion
protection with aquaculture and recreational amenities. Reef Journal 1(1):
235-246.

Hourigan TF, Timothy CT, Reese, ES. 1988. Coral reef fishes as indicators of
environmental stress in coral reefs. In: Soule DF, Kleppel GS. (Eds). Marine
organisms as indicators. New York: Springer.

Joseph J. 2017. Marine Turtle Landing, Hatching and Predation at Turtle Islands
Park, Sabah, Malaysia in RETA 7813: Coastal and Marine Resource
Management in the Coral Triangle - Southeast Asia (Network of Marine
Protected Area National Activities in Malaysia), Marine Turtle Scientist
Report. Primex, Manila.

Lai S, Loke LH, Bouma TJ, Todd PA. 2018. Biodiversity surveys and stable isotope
analyses reveal key differences in intertidal assemblages between tropical
seawalls and rocky shores. Marine Ecology Progress Series 587: 41-53.

Lee AC, Tan KS, Sin TM. 2009. Intertidal assemblages on coastal defence structures
in Singapore I: a faunal study. Raffles Bulletin of Zoology 22: 237-254.

Lubchenco J. 1978. Plant species diversity in a marine intertidal community:
Importance of herbivore food preference and algal competitive abilities.
The American Naturalis 112: 23-29.

Nelson KA, Leonard LA, Posey MH, Alphin TD, Mallin MA. 2004. Using transplanted
oyster (Crassostrea virginica) beds to improve water quality in small tidal
creeks: A pilot study. Journal of Experimental Marine Biology and Ecology
298(2): 347-368.

Nicotri ME. 1977. Grazing effects of four marine intertidal herbivores on the
microflora. Ecological Society of America 58(5): 1020-1032.

Osman RW. 1977. The establishment and development of a marine epifaunal
community. Ecological Monographs 47(1): 37-63.

Razak FRA, Edward I, Abd-Kadir R-l. 2015. Kesan perubahan iklim di kawasan taman
perlindungan marin Taman - Taman Sabah in proceedings of Coral Triangle
Initiative - Climate Change Seminar. 19 March 2015. Kota Kinabalu, Sabah,
Malaysia.

Google Earth. 2020. Selingan Island. Google Earth.

Reef Ball Foundation. 2017. Saving our World’s Reef Ecosystem Using Designed
Artificial Reefs. Reef ball foundation. Retrieved from
http://www.reefball.org on 14 August 2018.

Sabah Parks, Universiti Malaysia Sabah (UMS), 2014. Turtle Islands Park
Management Plan. Sabah Parks. Kota Kinabalu.

Saleh E, Aung T, Muslim MA, Pengiran-Bagul AH, Abdul-Razak FR. 2013. Changes
In Small Islands of Tourist Destination Case Study: Turtle Islands Park,



216 Saleh et al.

Sandakan, Sabah. BIMP-EAGA Journal for Sustainable Tourism
Development 1(1): 21-33.
Sherman RL, Gilliam DS, Spieler RE. 2002. Artificial reef design: void space,
complexity, and attractants, /CES Journal of Marine Science 59: 196-200.
Wood E, and Aw, M. 2002. Reef fishes, corals and invertebrates of the South China
Sea including Thailand, Hong Kong, China, Malaysia, Taiwan, Singapore,
Indonesia and The Philippines. New Holland Publisher (UK) Ltd. London.



