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Multivariate responses of the coral reef fish community to
artificial structures and coral transplants
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Abstract. The effects of artificial structures and coral transplants on fish abundance, number of species, and
community composition were examined during a two-year study at three locations in North Sulawesi, Indonesia.
Three experimental treatments (10 x 10 m rubble plots (a.) left untreated, (b.) covered with concrete structures,
and (c.) covered with a combination of structures and coral fragments) were monitored using monthly
underwater visual censuses. An additional census of adjacent plots in the ambient reef served as comparison
with the natural reef fish community. The effect of treatments differed between experimental sites. At the site
with the lowest coral cover and structural complexity in the ambient reef, fish community responses were most
marked, with an 8-fold increase in fish abundance in the Structures + Corals treatment compared to the
untreated rubble plot. At the other two sites, abundance and number of species in the experimental treatments
did not surpass that of the natural plots. At all locations, multivariate dispersion of the fish community samples
decreased with increasing complexity of the experimental plots. The results underline the importance of reef
context in the selection of appropriate restoration measures and show that results may differ depending on
condition of the ambient reef.
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Introduction
Coral reefs are complex, heterogeneous marine
habitats mainly composed of biogenic carbonate
structures that are deposited by hermatypic
scleractinian corals and host numerous associated
species of animals and plants (Vaughan 1919, Wells
1957). Fishes are among the most conspicuous reef
dwellers. A wide range of fish species depend on live
corals, e.g. for food or shelter (Patton 1976, Choat
and Bellwood 1991, Cole et al. 2008). Fish abundance
and species diversity are positively correlated with
habitat complexity and amount of live coral cover
(Risk 1972, Carpenter et al. 1982, Bell and Galzin
1984, Sano et al. 1984, Gratwicke and Speight 2005).
In response to the ongoing degradation of coral
reefs world wide, the discipline of coral reef
restoration has become increasingly established over
the past two decades, although it remains largely in its
infancy compared to the restoration of other
ecosystems (Precht 2006, Edwards and Gomez 2007).
Clark (2002) has cautioned that ‘reef restoration is
largely limited by incomplete knowledge on the
ecosystem processes.’
Techniques frequently employed in coral reef
restoration include the use of artificial reefs and
transplantation of live corals (Jaap 2000, Clark 2002,
Zimmer 2006), the latter currently being the most
frequently used tool in active coral reef restoration
(Edwards and Gomez 2007). However, despite the
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numerous studies on the link between live coral
substrate and reef fishes, few workers have addressed
the effects of coral transplantation on the reef fish
community (Pamintuan et al. 1994, Cabaitan et al.
2008).
In this study, the effects of artificial structures alone
and in combination with coral transplants on fish
abundance and community composition were
examined to gain a better understanding of the
ecosystem processes pertaining to reef restoration.
Material and Methods
The present study was conducted at three locations in
North Sulawesi, Indonesia (Fig. 1), between May
2005 and July 2007. The Gangga site was in the
shallow upper reef slope in front of a dive resort, with
low fishing pressure in the immediate vicinity of the
experimental treatments, while the other two sites
were at deeper sections of the reef slope (Table 1) and
lay within the borders of Bunaken National Marine
Park. At each site, three 10 x 10 m rubble plots were
marked and cleared of remaining coral colonies and
rocks, so that a flat rubble area remained. Plots lay at
similar depths and were located between 5 and 20 m
apart. At each site, the plots were randomly assigned
to three treatments. Control plots (C) remained as
empty rubble fields. In the other two treatments, the
substrate was covered with 100 bamboo boards.

Table 1: Depth of experimental plots, monitoring time frame and
coral species transplanted for each site.
site
depth
monitoring fragments transplanted*
Gangga 4-9 m
09.2005 – Acropora yongei: n = 1885
Pocillopora verrucosa: n = 475
05.2007
Meras
12-20m 02.2006 – Acropora formosa: n = 1677
Pocillopora verrucosa: n = 378
06.2007
Bunaken 12-19m 03.2006 – Acropora brueggemanni: n =
1749
05. 2007
*n = amount of surviving fragments at the time of the first visual census

Figure 1: Map of northern Sulawesi, showing the three
experimental sites. The location of the study area within Sulawesi
is indicated on the inset map.

Artificial structures consisting of 5 concrete blocks
each were then constructed on every second board in
a chessboard pattern. In the Structures treatment (S),
the remaining squares remained empty. In the
Structures + Corals treatment (S+C), coral fragments
were transplanted onto the empty bamboo boards
between the structures (Fig. 2).
At each site, up to 2000 fragments of one species of
branching Acropora were transplanted (Table 1).
Species were selected based on abundance in the
ambient reef. Each transplanted species occurred in
large thickets in the vicinity of the recipient site.
Additionally, fragments of Pocillopora verrucosa
were transplanted at Gangga and Meras (Table 1).
The fragments were distributed evenly among the
boards and arranged at random on each board. A
detailed description of the transplantation procedure is
given by Ferse (2008).

A visual census of the fish community above the
plots was conducted once per month, using three
replicate counts carried out within the same day
between 9:00 and 17:00 h. A SCUBA diver swam
across each plot in four adjacent transects of 2.5 m
width and 10 m length, counting and identifying all
fishes present to a height of about 2.5 m above the
substrate. Cryptic and pelagic species were excluded
from the census. At the beginning of each count,
horizontal visibility was estimated.
To compare the fish communities in the
experimental plots with that of the ambient reef, per
site two 10 x 10 m plots with substrate cover
representative of the surrounding reef were marked in
the vicinity of the experimental plots at similar depths,
and a one-time census of the fish community with
three replicate counts was carried out. Substrate
composition in the natural reef plots, and detailed
descriptions of the ambient reefs, are reported by
Ferse (2008).

C
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Figure 2: Sketch of the experimental set-up. In one treatment, artificial structures were interspersed with coral transplants (S+C, front), in a
second one, only concrete structures were deployed (S, middle), and a third treatment consisted of a cleared coral rubble plot (C, back). A
detailed drawing of the artificial structures and bamboo boards with attached coral transplants in shown on the lower right.
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The effects of treatment on fish abundance and
species diversity were assessed using a full-factorial
general linear model, with time in days as
independent variable and number of individuals and
species as dependent variables. Underwater visibility
was included as independent co-variable. Abundance
data were square-root transformed to achieve normal
distribution. Data from the natural reef plots were
compared to data from the experimental plots taken at
similar times using a one-way ANOVA. Where
significant treatment effects were detected, a Tukey
HSD post-hoc test at α = 0.05 was performed to
assess how treatments differed from each other. All
univariate data analysis was carried out using JMP 7.0
(SAS Institute 2007).
For multivariate analysis of the fish community
data, the program PRIMER 5.2.9 (Clarke and Gorley
2001) was used. Fish abundance data were fourth-root
transformed and similarity of the samples was
assessed using a zero-adjusted form of the BrayCurtis coefficient (Clarke et al. 2006). To assess
effects of treatments and sites on differences in the
fish community composition, a crossed two-way
multivariate analysis of similarities (ANOSIM) was
used, and the relative multivariate dispersion of the
community in the three treatments was analyzed for
each site using the MVDISP routine.
Results
At all three sites, fish abundance increased markedly
in the Structures + Corals treatment, while the
increase in the Control plots was only slight (Fig. 3).
The highest increase in abundance occurred at the
shallow site (Gangga), where the number of

individuals in the presence of coral transplants had
increased almost 8-fold by the end of the experiment
compared to the Control treatment. The linear model
detected significant treatment effects (Table 2), and
the post-hoc test confirmed significant differences
between all three treatments.
Table 2: Results of the general linear model testing for effects of
treatment, time and visibility on fish abundance at the three sites.
Test
Factor
df
F
p
Gangga
11,117 183.84 <0.0001
ANOVA
Model
(R2 = 0.9453)
Effect Test Treatment
2
646.52 <0.0001
Time
1
458.03 <0.0001
Visibility
1
0.68
n.s.
Treatment*Time
2
62.52
<0.0001
Visibility*Time
1
0.54
n.s.
Visibility*Treatm.
2
8.15
0.0005
Vis.*Time*Treatm. 2
2.79
n.s.
Meras
11,110 152.24 <0.0001
ANOVA
Model
(R2 = 0.9384)
Effect Test Treatment
2
640.31 <0.0001
Time
1
89.03
<0.0001
Visibility
1
34.32
<0.0001
Treatment*Time
2
6.49
0.0022
Visibility*Time
1
0.90
n.s.
Visibility*Treatm.
2
2.35
n.s.
Vis.*Time*Treatm. 2
10.87
<0.0001
Bunaken
11,105 35.54
<0.0001
ANOVA
Model
(R2 = 0.7883)
Effect Test Treatment
2
134.58 <0.0001
Time
1
11.94
0.0008
Visibility
1
21.17
<0.0001
Treatment*Time
2
1.25
n.s.
Visibility*Time
1
0.80
n.s.
Visibility*Treatm.
2
6.75
0.0017
Vis.*Time*Treatm. 2
0.94
n.s.
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Figure 3: Fish abundance (above) and number of species (below) during consecutive censuses at the three locations (mean ± SE). The
values observed during a comparative one-time census in two natural reef plots at each location are indicated by the gray triangles.
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Fish abundance in the natural reef plots at Gangga
was significantly lower than in the Structures +
Corals treatment, but significantly higher than in the
other two treatments (ANOVA, F = 161.0741, p <
0.0001, df = 3,8 and F = 379.0192, p < 0.0001, df =
3,8 for January 2007 and March 2007, respectively).
At the two deeper sites as well, the highest numbers
of fishes occurred in the plots containing coral
transplants. However, overall increases in abundance
were less pronounced, and differences between the
Structures and Structures + Corals treatments were
not as marked as at Gangga (Fig. 3). Yet, the post-hoc
test confirmed significant differences between all
three treatments at both sites. Abundances in the
natural reef plots were significantly higher than they
were in the experimental plots at the time the ambient
reef census was conducted (ANOVA, F = 362.9089, p
< 0.0001, df = 4,10 and F = 97.5778, p < 0.0001, df =
4,10 for Meras and Bunaken, respectively).
The number of species followed similar trends as
fish abundance at all sites. With few exceptions,
species were most numerous in the presence of coral
transplants, and the highest number of species was
observed at Gangga (Fig. 3).
Table 3: Results of the general linear model testing for effects of
treatment, time and visibility on number of species at the three sites.
Test
Factor
df
F
p
Gangga
11,117 135.65 <0.0001
ANOVA
Model
(R2 = 0.9272)
Effect Test Treatment
2
484.07 <0.0001
Time
1
312.61 <0.0001
Visibility
1
1.48
n.s.
Treatment*Time
2
47.53
<0.0001
Visibility*Time
1
0.83
n.s.
Visibility*Treatm.
2
2.66
n.s.
Vis.*Time*Treatm. 2
3.16
0.0461
Meras
11,110 68.38
<0.0001
ANOVA
Model
(R2 = 0.8724)
Effect Test Treatment
2
298.72 <0.0001
Time
1
29.65
<0.0001
Visibility
1
29.01
<0.0001
Treatment*Time
2
0.36
n.s.
Visibility*Time
1
4.15
0.0440
Visibility*Treatm.
2
0.38
n.s.
Vis.*Time*Treatm. 2
10.40
<0.0001
Bunaken
11,105 37.26
<0.0001
ANOVA
Model
(R2 = 0.7960)
Effect Test Treatment
2
141.82 <0.0001
Time
1
54.55
<0.0001
Visibility
1
4.91
0.0288
Treatment*Time
2
2.23
n.s.
Visibility*Time
1
0.23
n.s.
Visibility*Treatm.
2
2.06
n.s.
Vis.*Time*Treatm. 2
0.10
n.s.

Significant treatment effects were detected at all
sites (Table 3), and post-hoc tests confirmed
significant differences between the numbers of
species in all treatments at each location. At Gangga,
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the amount of species in the natural reef plots did not
differ significantly from that in the Structures
treatment but was significantly different from the
number of species in the other two treatments
(ANOVA, F = 48.9081, p < 0.0001, df = 3,8 and F =
59.5524, p < 0.0001, df = 3,8 for January 2007 and
March 2007, respectively).
Species number in one of the natural reef plots at
Meras did not differ significantly from the number of
species in the Structures + Corals plot. In the second
natural plot at Meras, and in both natural plots at
Bunaken, the amount of species observed was
significantly higher than that found in the
experimental plots at the same time (ANOVA, F =
82.1000, p < 0.0001, df = 4,10 and F = 40.4127, p <
0.0001, df = 4,10 for Meras and Bunaken,
respectively).
Multivariate analysis of the fish community data
revealed significant effects of treatment as well as
location on community composition (Table 4).
Table 4: Results of a crossed two-way ANOSIM for effects of
treatment and location using all experimental fish census samples.
Test
Factor
Test pairs
ρ
global
Treatment
0.643*
pairwise
Control, S + C
0.802*
Control, Structures
0.751*
S + C, Structures
0.564*
global
Location
0.830*
pairwise
Gangga, Meras
0.933*
Gangga, Bunaken
0.891*
Meras, Bunaken
0.664*
*significant at p = 0.001

As indicated by a multi-dimensional scaling plot of
the averaged fish community data from all
experimental plots (Fig. 4), the relative multivariate
dispersion was highest in the Control treatment
(MVDISP, relative dispersion 1.247, 1.688 and 1.489
at Gangga, Meras and Bunaken, respectively), while
data from the Structures + Corals treatment were least
dispersed (MVDISP, relative dispersion 0.734, 0.672
and 0.765 at Gangga, Meras and Bunaken,
respectively).

Figure 4: Non-metric Multi Dimensional Scaling (MDS) based on
Bray-Curtis similarity of the average fish community data from all
censuses of the experimental plots. Gray: Gangga, White: Meras,
Black: Bunaken.

Discussion
Besides serving as food for corallivores, coral
colonies can provide protection or additional habitat
for fishes (e.g., Bell and Galzin 1984, Sano et al. 1984,
Friedlander et al. 2003). As such, the observed
positive effect of transplantation on fish abundance is
not unexpected. However, fish community responses
differed between the experimental sites. The most
marked responses were observed at Gangga, where
hard coral coverage in the ambient reef plots was less
than 5 % (Ferse 2008). At Meras and Bunaken, where
hard corals cover was between 13 and 29 % and the
ambient reef was more heterogeneous than at Gangga,
the effects of structures and coral transplants were
less striking, and the values in the experimental plots
remained below those in the ambient reef plots.
In previous studies, artificial reefs placed in areas
of low complexity and little live coral cover have
resulted in very high fish abundance and biomass
(Randall 1963, Edwards and Clark 1993), while
structures placed in biologically rich and structurally
complex environments had values lower than the
natural reef (Burchmore et al. 1985). Similarly, while
the provision of structures and transplants was able to
exert a significant impact on the fish community at
Gangga, it appears that the experimental plots at the
other two sites were not as attractive to fishes as the
ambient reef area. This underlines that condition of
the ambient reef should be a major consideration in
the selection of appropriate restoration methods.
As indicated by a decrease in the relative
multivariate dispersion of the community samples,
structures and coral transplants aided in the
establishment of a distinct fish community at all sites.
Higher multivariate dispersion has been found in fish
communities over degraded reef areas compared to
healthy reef flats (Dawson Shepherd et al. 1992), and
an analysis of relative dispersion may thus be an
additional tool in judging the effects of restoration
efforts.
Acknowledgements
Sincere thanks are due to Froggies Divers and Gangga Island
Resort and Spa for logistical support, and to S. Romatzki for help in
the field. A. Kunzmann and two anonymous reviewers provided
helpful comments on the manuscript. This study was financially
supported by a doctoral scholarship from the German National
Academic Foundation.

References
Bell JD, Galzin R (1984) Influence of live coral cover on coral-reef
fish communities. Mar Ecol Prog Ser 15:265-274
Burchmore JJ, Pollard DA, Bell JD, Middleton MJ, Pease BC,
Matthews J (1985) An ecological comparison of artificial and
natural rocky reef fish communities in Botany Bay, New South
Wales, Australia. Bull Mar Sci 37:70-85
Cabaitan PC, Gomez ED, Aliño PM (2008) Effects of coral
transplantation and giant clam restocking on the structure of fish
communities on degraded patch reefs. J Exp Mar Biol Ecol
357:85-98

1229

Carpenter KE, Miclat RI, Albaladejo VD, Corpuz VT (1982) The
influence of substrate structure on the local abundance and
diversity of Philippine reef fishes. Proc 4th Int Coral Reef Symp
2:497-502
Choat JH, Bellwood DR (1991) Reef fishes: their history and
evolution. In: Sale PF (ed) The Ecology of Fishes on Coral
Reefs. Academic Press, San Diego and London, pp 39-66
Clark S (2002) Coral reefs. In: Perrow MR, Davy AJ (eds)
Handbook of ecological restoration. Vol 2. Restoration in
Practice. Cambridge University Press, Cambridge, UK, pp 171196
Clarke KR, Gorley RN (2001) PRIMER v5: User manual/tutorial.
PRIMER-E Ltd., Plymouth, UK
Clarke KR, Somerfield PJ, Chapman MG (2006) On resemblance
measures for ecological studies, including taxonomic
dissimilarities and a zero-adjusted Bray-Curtis coefficient for
denuded assemblages. J Exp Mar Biol Ecol 330:55-80
Cole AJ, Pratchett MS, Jones GP (2008) Diversity and functional
importance of coral-feeding fishes on tropical coral reefs. Fish
Fish 9:286-307
Dawson Shepherd AR, Warwick RM, Clarke KR, Brown BE
(1992) An analysis of fish community responses to coral mining
in the Maldives. Environ Biol Fish 33:367-380
Edwards AJ, Clark S (1993) Re-establishment of reef fish
populations on a reef flat degraded by coral quarrying in the
Maldives. Proc 7th Int Coral Reef Symp 1:593-600
Edwards AJ, Gomez ED (eds) (2007) Reef restoration concepts and
guidelines: making sensible management choices in the face of
uncertainty. Coral Reef Targeted Research & Capacity Building
for Management Programme, St Lucia, Australia
Ferse SCA (2008) Artificial reef structures and coral
transplantation: fish community responses and effects on coral
recruitment in North Sulawesi/Indonesia. Ph.D. thesis, Zentrum
für Marine Tropenökologie (ZMT), University of Bremen, p 169
Friedlander AM, Brown EK, Jokiel PL, Smith WR, Rodgers KS
(2003) Effects of habitat, wave exposure, and marine protected
area status on coral reef fish assemblages in the Hawaiian
archipelago. Coral Reefs 22:291-305
Gratwicke B, Speight MR (2005) The relationship between fish
species richness, abundance and habitat complexity in a range of
shallow tropical marine habitats. J Fish Biol 66:650-667
Jaap WC (2000) Coral reef restoration. Ecol Engin 15:345-364
Pamintuan IS, Aliño PM, Gomez ED (1994) Enhancement of fish
recruitment through coral transplantation. Abstract. In: Sudara S,
Wilkinson CR, Chou LM (eds.) Proceedings of the 3rd ASEANAustralia Symposium on Living Coastal Resources,
Chulalongkorn University, Bangkok, Thailand 2:235
Patton WK (1976) Animal associates of living reef corals. In: Jones
OA, Endean R (eds) Biology and geology of coral reefs. Vol III:
Biology 2. Academic Press, New York and London, pp 1-36
Precht WF (2006) Coral reef restoration handbook. CRC
Press/Taylor and Francis, Boca Raton, Florida, USA
Randall JE (1963) An analysis of fish populations of artificial and
natural reefs in the Virgin Islands. Caribb J Sci 3:31-47
Risk MJ (1972) Fish diversity on a coral reef in the Virgin Islands.
Atoll Res Bull 153:1-6
Sano M, Shimizu M, Nose Y (1984) Changes in structure of coral
reef fish communities by destruction of hermatypic corals:
observational and experimental views. Pac Sci 38:51-79
SAS Institute (2007) JMP Statistics and Graphics Guide, Release 7.
SAS Institute Inc., Cary, North Carolina, USA
Vaughan TW (1919) Corals and the formation of coral reefs. Annu
Rep Smithsonian Inst for the year 1917:189-238
Wells JW (1957) Coral reefs. In: Hedgpeth JW (ed) Treatise on
Marine Ecology and Paleoecology. I. Ecology. Geol Soc Am
Mem 67:609-631
Zimmer B (2006) Coral reef restoration: an overview. In: Precht
WF (ed) Coral reef restoration handbook. CRC Press/Taylor and
Francis, Boca Raton, Florida, USA, pp 39-59

