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Abstract. Coral recruitment is important in natural recovery and coral rehabilitation program. Here, we
tested the coral rubbles as substrate for coral recruitment. The study was conducted on the first week of
September 2007 until the second week of January 2008 in Panggang Island, Seribu Islands, Indonesia.
The results showed that the recruited coral were settled on the substrate in both depths (6 and 10 m). A
total of 5 families of recruited coral were recorded during the study, namely Acroporidae, Pocilloporidae,
Oculinidae, Fungiidae and Poritidae. There were no differences in term of the number of recruits that
were found in 6 and 10 m depth.
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Introduction. Destructive fishing practices are one of the critical threats on the coral
reef ecosystem in Indonesia. According to Nontji (2004) in 2003, approximately 61% of
Indonesian coral reef were in terrible condition, of these about 36% were in poor
condition. One of the common threats is blast fishing practices. In remote areas, the
blast fishing is more commonly practiced due no supervision by related agencies
(Erdmann 1998; Kunzmann 2002).

Fox et al (2003) reported that rubbles can drift several centimeters (with some
pieces of rubble drifting 10-15, or even 50 cm/day), which effectively forms *“killing
fields” for coral juveniles, hindering coral recovery. In the Philippines for example, many
rubble fields virtually show no hard coral cover upon 20-30 years post-blasting
(Raymundo et al 2007).

Several techniques have been utilized to restore coral reefs damaged includes the
transplantation of living coral colonies (Clark & Edwards 1995; Harriot & Fisk 1995;
Rinkevich 2000; Cabaitan et al 2008), eco-reefs modules (Moore & Erdmann 2002),
electrolysis to accelerate the deposition of calcium carbonate and enhance the growth of
the transplanted coral (Hilbertz 1992; van Treeck & Schuhmacher 1997), substrate
stabilization (Rinkevich 2005), ship grounding, topography rebuilding with specialized
cements, and transplantation (Hudson & Diaz 1988). In addition, rehabilitation of reef
community has also been attempted through removal of macro algae (McClanahan et al
2001), bio-eroding sea urchins (McClanahan et al 1996) and clearing soft coral of the
rubble (Fox et al 2003). However, these methods were costly, time consumed and skills.
Therefore, various low-cost artificial substrates and methods have been tested in coral
transplantation, for example, bamboos frame (Freytag 2001), string-grid method
(Lindahl 2003), metal grid (Yap 2004), and cements (Dizon & Yap 2006). According to
Lindahl (2003) the artificial substrates should possess the ability to avoid the abrasion,
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dislodgement and transport due to water movement, and it should be placed high enough
above the bottom substrate to minimize burial and abrasion (Fox et al 2005). However,
transplantation methods using coral rubble as direct transplantation substrate has not
been examined.

Hence, the objective of present study was to evaluate the corals recruitment on the
rubble as an artificial substrate in Seribu Island.

Material and Method. The Seribu lIsland is situated in Jakarta City the capital of
Indonesia. The study was carried out on September 2007 until January 2008. The study
location was on the western reef-flat of the Panggang Island (Figure 1). Our preliminary
observation showed that the corals condition in this location are considered in poor
condition with the coral cover less than 25% and dead coral cover almost 50% in 6 to 10
meters depth, and the rubble covers reached 25%.
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Figure 1. Location of the study site (pink circle = experimental site) within Seribu Islands
(Fadli 2008).

The rubbles were collected from the vicinity of study sites. Approximately 7 kg of rubbles
were collected and strapped with the nets (nylon and polyethylene nets) formed as
basket nets substrate (20 cm x 30 cm x 40 cm in sized). A total of 56 baskets nets
substrates were placed into two different depths (28 baskets at 6 m and 28 baskets at 10
m). The substrates unit were settled in the location using SCUBA equipment and a
fisherman boat, and left for 135 days in the waters.

The new recruitments were monitored three times i.e. 85, 109 and 135 days after
deployment in the waters. One basket of substrate was randomly taken at every
monitoring time for further microscope analysis to observe the new recruitments. The
basket sample was unscrambled then the rubbles were sorted out and the rubbles with
new coral recruits were collected and bleached in 2% chlorine solution, and the samples
were sun dried for 3 hours. Then after, every rubble sample was examined with a stereo
microscope (10-63x magnifications).

The size and the families of the recruited corals were recorded and identified
following Baird & Babcock (2000). Wilcoxon Rank Sum tests were utilized to test the
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differences of the recruit number according to the depths. All data were subjected to
statistical analysis using JMP 7.0.1 software (trial version).

Results and Discussion. A total of 5 families of coral were recruited on the artificial reef
substrates namely Acroporidae, Pocilloporidae, Oculinidae, Fungiidae and Poritidae. The
Acroporidae was a predominant family in both depths (Figures 2 and 3, Tables 1 and 2).
There were no differences on the number of recruit corals between 6 and 10 m depths. In
addition, the average size of Acroporidae at 6 m and 10 m were 2.14 mm and 2.08 mm,
respectively.

Table 1
Comparison of number of recruit corals according to depths (*significant difference (p<0.05))

Non-parametric comparisons - Wilcoxon/Kruskal-Wallis test
Statistic P

6mvs. 10 m 1136 0.0756

Table 2
Comparison of number of recruits among family per depth (*significant difference (p<0.05))

Non-parametric comparisons
Wilcoxon/Kruskal-Wallis test
Statistic P

25.27 0.0001*

Acroporidae vs. Pocilloporidae vs. Oculinidae
vs. Fungiidae vs. Poritidae (6 m)
Acroporidae vs. Pocilloporidae vs. Oculinidae 17 21 0.0041*

vs. Fungiidae vs. Poritidae (10 m) )

We presumed that the crevices among rubbles have been providing favorable spaces for
growing of new coral due to this space has protecting from coral predator and extreme
environment condition. Furthermore, the rubble provides an appropriate biofilm for coral
larvae to settle (Harriott & Fisk 1988; Pawlik 1992; Mundy 2000; Harrington et al 2004).
In this study, the new recruited coral are growing at the edge of rubble in the first layer
of the substrate (approximately 5 cm from the surface). The corals prefer the edges of
rubble probably due to this side providing higher sun light intensity. This result is in
agreement with Mundy & Babcock (1998) who reported the Acroporids prefers high light
intensity during settlement.

In the term of recruited corals family, our finding is in agreement with Saputra
(2004) who conducted coral settlement study in other parts of the Seribu Island (at
Payung Island). He found that Acroporidae, Pocilloporidae, Poritidae and Occolunidae
were predominant in this location. These families are the common corals in Seribu Island
waters (Estradivari et al 2007). In addition, the higher numbers of Acroporidae settled on
the tested substrates indicate that probably their spawning season has occurred during
this period (September—January). This finding is corresponding with Fox (2004) who
reported that Acroporids in Komodo National Park in Eastern Indonesia were settled
primarily during October-April, while Pocilloporids and Poritids settled over the years.
Moreover, Tomascik et al (1997) also reported that the mass spawning season of the
coral in the central Java Sea is occurred during October and November.

However, the higher numbers of recruits on the substrates do not necessarily
correspond to the number of recruits that will survive until they become adult corals, it
means that not all of recruited corals will be survived. The survival and growth of corals
are strongly depending on the environmental conditions for example temperature,
turbidity and salinity, predatory and nutrients. Fox (2004) stated that even they found a
very high number of recruits (potential recruitment) in their tiles in Komodo National
Park, but in the real substrate (actual recruitment) the recruits were very low, suggesting
varying survival of recruits after settlement.
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Figure 2. Acroporidae, the predominant recruited coral family at Seribu Island.
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Figure 3. Number and family of the recruits pooled per each depth (a) 6 m
and (b) 10 m. 85 (n=4), 109 (n=4) and 135 (n=12) days after deployment.
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Conclusions. The corals were recruited and settled on the rubble substrates in both
depths (6 and 10 m). A total of five families of coral recruits found on the substrates i.e.
Acroporidae, Pocilloporidae, Oculinidae, Fungiidae and Poritidae. The Acroporidae was a
predominant family in both depths. There were no differences on the total number of
recruit corals between 6 and 10 m depth. The number of recruits that could be found in
this study indicates that this corals rubble substrate can be used as an alternative media
for coral recruitment. However, this media requires testing at additional sites, to
determine the replicability of the results.

Acknowledgements. The authors would like to thank Yayasan TERANGI, Idris, and
Elang Ekowisata for their supports during the study.

References

Baird A. H., Babcock R. C., 2000 Morphological differences among three species of newly
settled pocilloporid coral recruits. Coral Reefs 19:179-183.

Cabaitan P. C., Gomez E. D., Alifio P. M., 2008 Effects of coral transplantation and giant
clam restocking on the structure of fish communities on degraded patch reefs.
Journal of Experimental Marine Biology and Ecology 357:85-98.

Clark S., Edwards A. J., 1995 Coral transplantation as an aid to reef rehabilitation:
evaluation of a case study in the Maldives Islands. Coral Reefs 14:201-213.

Dizon R. T., Yap H. T., 2006 Effects of coral transplantation in sites of varying distances
and environmental conditions. Marine Biology 148:933-943.

Erdmann M. V., 1998 Destructive fishing practices in the Pulau Seribu archipelago. In:
Proceedings of the Coral Reef Evaluation Workshop, Pulau Seribu, Jakarta,
Indonesia, October 1998. UNESCO, Indonesian Institute of Sciences LIPI,
Research and Development Center for Oceanology, pp. 84-89.

Estradivari, Syahrir M., Susilo N., Yusri S., Timotius S., 2007 Terumbu karang Jakarta:
Pengamatan jangka panjang terumbu karang Kepulauan Seribu 2003-2005 [Coral
reefs of Jakarta: long term observation of coral reefs of Seribu Islands 2003-
2005]. Terangi Foundation, Jakarta, 87 pp.

Fadli N., 2008 Use of modified coral rubble as medium for coral transplantation. Master
Thesis, University of Bremen, Germany, 83 pp.

Fox H. E., 2004 Coral recruitment in blasted and unblasted sites in Indonesia: assessing
rehabilitation potential. Marine Ecology Progress Series 269:131-139

Fox H. E., Mous P. J., Pet J. S., Muljadi A. H., Caldwell R. L., 2005 Experimental
assessment of coral reef rehabilitation following blast fishing. Conservation Biology
19:98-107.

Fox, H. E., Pet J. S., Dahuri R., Caldwell R. L., 2003 Recovery in rubble fields: long-term
impacts of blast fishing. Marine Pollution Bulletin 46:1024-1031.

Freytag 1., 2001 Growth and mortality of Acropora nobilis Anthozoa: Scleractinia
fragments in shallow waters of the Seribu Islands, Indonesia, using different
attachment methods. University of Bremen, Bremen, 72 pp.

Harrington L., Fabricius K., De’ath G., Negri A. P., 2004 Recognition and selection of
settlement substrata determine post-settlement survival in corals. Ecology
85:3428-3437.

Harriott V. J., Fisk D. A., 1988 Coral transplantation as a reef management option. In:
Proceedings of the 6" International Coral Reef Symposium 2:375-379.

Harriot V. J., Fisk D. A., 1995 Accelerated regeneration of hard corals: a manual for coral
reef users and managers.Technical memorandum. Great Barrier Reef Marine Park
Authority, Townsville, Queensland, 42 pp.

Hilbertz W. H., 1992 Solar generated building material from seawater as a sink for
carbon. Ambio 21:126-129.

Hudson J. H., Diaz R., 1988 Damage survey and restoration of M/V Wellwood grounding
site, Molasses Reef, Key Largo National Marine Sanctuary, Florida. In: Proceedings
of the 6™ International Coral Reef Symposium 2:231-236.

AACL Bioflux, 2013, Volume 6, Issue 3. 250
http://www.bioflux.com.ro/aacl



Kunzmann A., 2002 On the way to management of west Sumatra’s coastal ecosystems.
Naga, The ICLARM Quarterly 25:4-10.

Lindahl U., 2003 Coral reef rehabilitation through transplantation of staghorn corals:
effects of artificial stabilization and mechanical damages. Coral Reefs 22:217-223.

McClanahan T. R., Kamukuru A. T., Muthiga N. A., Yebio M. G., Obura D., 1996 Effect of
sea urchin reductions on algae, coral, and fish populations. Conservation Biology
10:136-154.

McClanahan T. R., McField M., Huitric M., Bergman K., Sala E., Nystrom M., Nordemar 1.,
Elfwing T., Muthiga N. A., 2001 Responses of algae, corals, and fish to the
reduction of macroalgae in fished and unfished patch reefs of Glovers Reef Atoll,
Belize. Coral Reefs 19:367-379.

Moore M., Erdmann M., 2002 EcoReefs: a new tool for coral reef restoration.
Conservation in Practice 3:41-43.

Mundy C. N., 2000 An appraisal of methods used in coral recruitment studies. Coral Reefs
19:124-131.

Mundy C. N., Babcock R. C., 1998 Role of light intensity and spectral quality in coral
settlement: implications for depth dependent settlement? Journal of Experimental
Marine Biology and Ecology 223:235-255

Nontji A., 2004 COREMAP Tahap I: upaya anak bangsa dalam penyelamat dan
pemanfaatan lestari terumbu karang. Kantor Pengelola Program COREMAP. Pusat
Penelitian Oseanografi. LIPI, Jakarta [COREMAP Phase I: an attempt to rescue the
nation and the sustainable use of coral reefs. COREMAP Program Management
Office. Center for Oceanographic Research. LIPI, Jakarta].

Pawlik J. R., 1992 Induction of marine invertebrate larval settlement: Evidence for
chemical cues. In: Ecological Roles of Marine Natural Products. Paul V. J. (ed),
Cornell University Press, New York, Ithaca, pp. 189-236.

Raymundo L. J., Maypa A. P., Gomez E. D., Cadiz P., 2007 Can dynamite-blasted reefs
recover? A novel, low-tech approach to stimulating natural recovery in fish and
coral populations. Marine Pollution Bulletin 54:1009-1019.

Rinkevich B., 2000 Steps towards the evaluation of coral reef restoration by using small
branch fragments. Marine Biology 136:807-812.

Rinkevich B., 2005 Conservation of coral reefs through active restoration measures:
recent approaches and last decade progress. Environ Sci Technol 39:4333-4342.

Saputra S., 2004 Kelimpahan juvenile karang batuan variasi spasio -temporal pada
substrat keras dilokasi utara dan selatan Pulau Payung Kepulauan Seribu, Jakarta
[Spatial-temporal variations of abundance of coral juvenile in the hard substrate
at the location north and south of the island Umbrella Thousand Islands, Jakarta].
Master Thesis, IPB Graduate Program, Bogor Agricultural University, Bogor, 204
PP.

Tomascik T., Mah A. J., Nontji A., Moosa M. K., 1997 The ecology of the Indonesian seas.
Part one and two, Periplus Editions HK Ltd, 1388 pp.

van Treeck P., Schuhmacher H., 1997 Initial survival of coral nubbins transplanted by a
new coral transplantation technology - options for reef rehabilitation. Marine
Ecology Progress Series 150:287-292.

Yap H. T., 2004 Differential survival of coral transplants on various substrates under
elevated water temperature. Marine Pollution Bulletin 49:306-312.

AACL Bioflux, 2013, Volume 6, Issue 3. 251
http://www.bioflux.com.ro/aacl



Received: 22 December 2012. Accepted: 06 January 2013. Published online: 19 February 2013.

Authors:

Nur Fadli, Department of Marine Science, Coordinatorate of Marine and Fisheries, Syiah Kuala University,
Indonesia, e-mail: ivad29@yahoo.com

Andreas Kunzmann, Leibniz Center for Tropical Marine Ecology (ZMT), Bremen, Germany, e-mail:
akunzmann@zmt-bremen.de

Karen von Jutarzenka, Department of Marine Science and Technology (ITK), Faculty of Fisheries and Marine
Sciences, Bogor Agricultural University (IPB), Indonesia, e-mail: kvjuterzenka@hazweio.com

Edi Rudi, Department of Biology, Faculty of Mathematics and Natural Science, Syiah Kuala University,
Indonesia, e-mail: edirudi@yahoo.com

Zainal A. Muchlisin, Department of Aquaculture Coordinatorate of Marine and Fisheries, Syiah Kuala University,
Indonesia, e-mail: muchlisinza@yahoo.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Fadli N., Kunzmann A., von Jutarzenka K., Rudi E., Muchlisin Z. A., 2013 A preliminary study of corals
recruitment using coral rubbles substrate in Seribu Island waters, Indonesia. AACL Bioflux 6(3):246-252.

AACL Bioflux, 2013, Volume 6, Issue 3. 252
http://www.bioflux.com.ro/aacl



