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INTRODUCTION ' ' :

Coral reefs have a high ecological, social and economic value with million of people depending on it
for their sustenance (Costanza et al., 1997; Berg et al., 1998). Unfortunately reefs are affected by
several human disturbances and the degree of degradatioWis increasing with time worldwide. The
major anthropogenic physical disturbances are due to anchorages, destructive fishing practise, as
blast fishing, and diving tourism (Chabanet et al., 2005). Assessment of anthropogenlc dlsturbances
is necessary to protect and manage these marine natural resources.

The aim of the present study is to analyse the possible effects of physical disturbance on: eplbtmthlc
assemblages in term of their structural complexity and diversity. Moreover we used coral rubbles
cover (Jameson et al., 1999; de Vantier and Turak, 2004) and its grain size as possible midicgtor of — -

human physical impact in the Bunaken Marine National Park (1°37'N 124°45'E, North S.ljllawesi, ! MKTERI AL AND MEIHOQS e T ] A
Indonesia). : ; 5

Bunaken park, est’:bllshed'lmlgbl,, épnsnsts of flve islands and coj}lstal sectlons_of SulaweSI
and supports a cat popu’laﬂon of: abguf 30000 villagers:
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; : g 5

SiterCoral'rubble wasdivided into 5 size classes using a nésted series of sieves (meshes 0.1,

1,0, 2.0, 4.0, 8.0 cm) and weighted, while llvm corals fraction was estimated as rela-

ativer lscenta e.
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: N RESEigs
s§ mblages showdd aahlgh spatla té‘rogenelty kmong sitesa epths, as well as the

ints on the PCOW&OH showed,.Alfhough this: -lgh heterogeneity, the differences

( m ad‘ed and control sites were clearlv detected and_cosficmed by PERMANOVA test,
wﬁé dlcated sngﬂﬁca d@noeo.ugre to SItes,Mth and impacted vs. control sites
(p Muﬂl’m_m Itiple r ssions: &ed that the*m@t important proportion of the
varlabll'ry & coral ru {# clearly ificreased toward impacted sites together with

encrustmg Sponges and massive hard corals while branching corals and tubular and massive sponges
were higher towards controls.

Coral ebbis cover

- The total hard coral percentage cover showed a significant interaction between I/C and Depth with a greater covering
in control sites at 6 m compared to 12 and 18 m and also in the controls vs. impactssites at 6 m in depth (SNK p <0.01).

- Coral rubbles percentage cover showed significant differences in the interaction between I/C X Depth in particular
at all depths the abundance of rubbles were greater in the impacted sites (SNK 6-12 m p < 0.01; 18 m p < 0.05) while
within impacts the higher amount were at 6 and 12 metres (SNK'p < 0.01).

- The average percentage of living corals within fragments was greater in control sites and it appeared strongly depen-
dent from depth, indeeed in both impacted and control s1tes SNK test (p < 0.05) highlighted a higher amount at 6 m
compared to 12 and 18 m.

Livig comal brectdas

- Coral rubble fine fraction (0.1-0.5 cm) was more abundant in impacted sites while coarse i
fraction (4-8 cm) prevailed at the controls (ANOVA p<.0,05) where differences between sites g
were detected higlighting a more heterogenety compared to'the impacted sites.

DISCUSSION

Epibenthic assemblages seemed to shift their features in relation to physical disturbances that led
to a loss of three-dimensional structural complexity (Aronson and Precht, 1995) negatively affect-
ing ecosystem functioning (Pandolfi et al., 2005).
In the Bunaken Marine Park mechanical damages to coral reefs are generally associated with a
reduction of the total hard coral cover in shallow water (6 metres) where the physical injuries are
greater. In the impacted sites the amount of coral rubbles and the fine fraction are higher due to
anthropic activities that led to a major fragmentation rate of hard corals and cause coral rubble
rain so that its effects are vertically transferred along the reef wall. Moreover living coral fraction
within coral rubbles in impacts are less aboundant probably owing to the high sedimentation that
affected the survival of living fragment and their dipersal and growth. The high amounts of fine . m.M,2005. Humaindcedphysial s
sediments present in impacted sites may negatively affect coral survivor, strongly decrease reef ‘ it

resilience and support pioneer and sediment-tollerant species. If a rigorous, ecologically grounded ’ o
approach will demonstrate that sedimentation exceeds natural thresholds a more adequate man-
agement measures, such as the simple use of mooring buoys, should be developed.
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