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Facing the worldwide coral degradation, active restorations are moving toward improving techniques to
maintain coral coverage. Transplant methods have been used to restore coral reef areas that were
completely degraded; however restoration is not commonly employed at coral reefs with evident loss
that may jeopardize the maintenance of the community. In this study the re-attachment concept using
the natural fragmentation of branched-corals was tested as an accelerator process to natural recovery
based on asexual reproduction. Survivorship, growth and attachment rates of three Pocillopora species on
both natural and artiﬁcial substrates were evaluated at four sites of Islas Marietas. Over one year of
monitoring during 2012e2013, resulted in a high survivorship of 87% on artiﬁcial underwater structures
and 67% on natural substrate, the height and radial growth, on both substrata increase 2-fold from the
initial size; although both substrata were viable, coral fragments attach faster on natural (4 months) than
artiﬁcial structures (6 months). The results demonstrate that re-attachment using natural substrata is a
potential and no invasive instrument for treating coral reefs not completely degraded in restoration
programs.
Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction
Coral communities are one of the more complex and important
coastal environments as numerous marine taxa and economic resources depend directly or indirectly on them. Despite their
importance, corals communities are also one of the most degraded
ecosystems in recent years caused by natural and anthropogenic
threats (Dight and Scherl, 1997; Glynn, 2000; Hoegh-Guldberg
et al., 2007; Hoegh-Guldberg, 2011; Pandolﬁ et al., 2011). In
response to the continuous and abrupt decline in coral coverage,
there is an urgent need to improve coral reef conservation and
management strategies by attempting to mitigate negative impact
effects over coral communities and promoting species recovery
(Jordan et al., 1987; Edwards, 1998, 2010; Treweek, 1999). Important studies have been initiated to maintain and enhance the coral
coverage and reef-associated biodiversity with active restoration
and rehabilitation studies, improving different approaches with
effective results such as: 1) coral transplantation (Harriott and Fisk,
1988; Yap et al., 1992, 1998; Clark and Edwards, 1995; Omori and
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Fujiwara, 2004; Edwards and Gomez, 2007; Gomez et al., 2011);
2) coral gardening (Rinkevich, 2000, 2005, 2008, 2014; Shaish et al.,
2010; Levy et al., 2010; Lirman et al., 2010; Mbije et al., 2010), 3)
artiﬁcial underwater structures (Pickering et al., 1998; Precht et al.,
2002; Edwards, 2010); 5) electrochemical reef structures (Van
Treeck and Schuhmacher, 1997; Schuchmacher et al., 2000, 2002;
Sabater and Yap, 2002); 5) coral aquaculture (Petersen and Tollrian,
2001; Heyward et al., 2002; Omori et al., 2003) and various other
techniques (Ammar et al., 2000; Baums, 2008) to encourage Government agencies, managers, NGO’s and stakeholders to invest and
apply active management tools, as local or international legislation
and education has not been enough to prevent coral reef deterioration with no positive results in conservation and management
(Sale, 2008; Rinkevich, 2008).
At Mexican Paciﬁc (MP), the coral communities are characterized as fringing reef patches of scleractinian corals dominated by
the genera Pocillopora in shallower waters and Porites and Pavona in
deeper zones (Carriquiry and Reyes-Bonilla, 1997; Reyes-Bonilla
et al., 2005). Along the MP, one of the most important coral reef
systems in the Central MP is located at Islas Marietas National Park
(IMNP); this region has been affected by several coral bleaching
events with high mortality rates (>90%) (Glynn, 2000, 2001;
Carriquiry et al., 2001; Reyes-Bonilla et al., 2002; Cupul-Magaña
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and Calderón-Aguilera, 2008) and consequently a considerable loss
of coral coverage has been observed, where Pocillopora has been
documented as the most sensitive to bleaching (Calderón-Aguilera
and Reyes-Bonilla, 2006; Carriquiry et al., 2001; Reyes-Bonilla et al.,
2002). Recently, as the stress events had become more frequent and
intense coupled with the anthropogenic pressure, as a result of this
synergic effect, the community has become unable to recover and
maintain the organisms which depend on them; therefore positive
and active human intervention is needed to recovery and guarantee
coral species persistence thought long-term restoration programs
(Rinkevich, 2005; Sale, 2008).
So far, in situ long-term restorations have been applied at the
Eastern Tropical Paciﬁc (ETP) in order to validate restoration strategies that improve management programs (Guzmán, 1991; LiñánCabello et al., 2010). However, herein is the ﬁrst study in the ETP
region that search for non-destructive techniques that would
improve coral restoration, and analyze the potential use of Pocillopora species using organisms obtained by natural fragmentation
(asexual recruits) caused by bioerosion, physical conditions such as
waves, tides and currents. As these factors are natural, the pieces
are healthy fragments founded in the same area suitable to be reattached for restoration without affecting any healthy colonies. In
order to broaden the conservation and management knowledge of
coral reefs through restoration experiences that may in turn apply
to different locations and regions with similar ecological
conditions.
In the present study three branched Pocillopora species were
used: Pocillopora damicornis (Linneaus, 1758), P. verrucosa (Ellis and
Solander, 1786) and P. capitata (Verrill, 1864), based on their
abundance, dominance and high natural fragmentation in the
Central MP (Carriquiry and Reyes-Bonilla, 1997; Reyes-Bonilla et al.,
2005; López-Pérez et al., 2007). This restoration technique was
tested using comparisons assessing the effectiveness of using natural versus artiﬁcial substrata and the potential of the most abundant branching coral species in different locations along Islas
Marietas area, using as variables survival, growth and attachment
rates, in order to set up the restoration program in the area and to
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promote active conservation and management techniques to preserve Eastern North Paciﬁc coral communities.
2. Materials and methods
2.1. Study area
Islas Marietas National Park (20 400 3500 e 20 4104500 N,
105 330 3000 e 105 380 1000 W) is located at 7.9 km off the northern
coast of Bahía de Banderas, Nayarit, México (Fig. 1). This National
Park consists of two islands and several islets volcanic in origin: Isla
Larga (48 ha) and Isla Redonda (28 ha), separated by a one kilometer water channel (Gaviño and Uribe, 1981). Rock, sand and
small reef patches predominate at 3e18 m around both Islands
(CONANP, 2007). The area is considered as an important coral
dispersal connectivity zone over the ETP (Glynn and Ault, 2000), as
is inﬂuenced by three transitional ocean currents: California Current (CC) providing cold (w18e21  C) and rich-nutrients waters,
present from January to March (Shea et al., 1992; Kessler, 2006;
Pennington et al., 2006; Pantoja et al., 2012); Mexican Costal Current (MCC) carrying warm (w27e30  C) and low-nutrients waters,
present between July to November; and Gulf of California Current
(GCC) adding warm waters with high salinity during mid-summer
(da Silva et al., 1994; Kessler, 2006; Pennington et al., 2006;
Palacios-Hernández et al., 2010; Pantoja et al., 2012).
The mean annual Sea Surface Temperature (SST) in the area is
w27  C (Shea et al., 1992; Palacios-Hernández et al., 2010), and is
inﬂuenced periodically by water temperature anomalies such as
ENSO (El Niño-Southern Oscillation) events with both El Niño
(þ3  C SST anomalies) and La Niña (4  C SST anomalies) which
caused major bleaching and mortalities (Fiedler and Talley, 2006;
Kessler, 2006; Wang and Fiedler, 2006; Glynn, 2000, 2001;
Carriquiry et al., 2001; Reyes-Bonilla et al., 2002; Cupul-Magaña
and Calderón-Aguilera, 2008). Besides weather events, Islas Marietas is a popular tourist area declared by the Mexican government
as a National Park in 2005 (CONANP, 2007), this recognition has
produced other anthropogenic stresses such as: intensive tourism

Fig. 1. Islas Marietas National Park (IMNP) study site. Isla Larga: Zona de Restauración (ZR) and Cueva del Muerto (CM); Isla Redonda: Plataforma Pavonas (PP) and Amarradero
(AM).
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activities (tour boats, snorkeling and diving); overﬁshing and the
rapid coastal human development that permanently inﬂuence the
area. However, active and passive management strategies are still
inactive or limited, compromising the conservation of coral communities in IMNP.
2.2. Growth and attachment rates
Based on the higher coral coverage of Pocillopora colonies and
the availability of natural fragmented corals, four sites were
selected: Zona de Restauración (ZR) and Cueva del Muerto (CM)
located at Isla Larga, and at Isla Redonda, Plataforma Pavonas (PP)
and Amarradero (AM) (Fig. 1). A total of 189 coral fragments of three
different species w3e5 cm long were hand collected with SCUBA,
Pocilopora damicornis (n ¼ 36), P. capitata (n ¼ 60) and P. verrucosa
(n ¼ 93). In situ each sample was inspected and those fragments
without evidence of bleaching, dead tissue or a high amount of
sponge coverage were selected and re-attached within the same
area of collection using the plastic cable tie method (Edwards,
2010) on both artiﬁcial and natural substrates.
Stable coral rubble was used as natural substrata (Fig. 2c) for
all four study sites with depths of 3e8 m: Zona de Restauración
(n ¼ 20), Cueva del Muerto (n ¼ 19), Amarradero (n ¼ 12), Plataforma Pavonas (n ¼ 21). Only at Zona de Restauración artiﬁcial
underwater structures were installed because fragments were
available in sufﬁcient numbers for restoration. Artiﬁcial concrete
structures (modules of 60 cm2) (n ¼ 10) had w12 steel-stacks
each and were stabilized at 3e4 m depth (Fig. 2a). In both substrates each fragment was identiﬁed, measured and tagged. Coral
growth progress was measured monthly (cm mo1) during one
year; using calipers (0.05 mm precision) noted maximum apical
height growth distance measured from bottom to top of the

fragment and maximum radial growth, referred as the longest
diameter perpendicular to the fragment height. Coral fragments
were ﬁrmly adhered on the substrate were recorded as Attachment Rates; live fragments with a continuous growth over the
entire experiment were recorded as Survivorship Rates and those
fragments which died in place during the study were recorded as
Mortality Rates.
Sea Water Temperature (SWT) was measured in situ every
25 min during the counting process using HOBOÒ (Pendant) thermographs installed at both islands. Broken, missing and dead coral
fragments were not used in the growth dataset.

2.3. Data analysis
Statistical analyses were calculated using Statistical 8Ó (Statsoft.
Inc.) and Sigma Plot 11.0Ó (Systat software, Inc.) using a ¼ 0.05.
Percentages of survivorship, mortality, and detachment rates were
calculated. All data sets were tested for normality (p < 0.05) and
homogeneity (p < 0.05) of variance. As data were not normally
distributed or homogenous, an analysis of variance on ranks
(KruskaleWallis) was used to compare survivorship between species and sites. Growth and attachment rates were assessed with
General Linear Model (GLM) three-way ANOVA with ﬁxed-effects
at substrate, species, and time levels, and two-way ANOVA at
species and site levels. The change in growth and attachment rates
at substrate level were corroborated using ManneWhitney (U-test)
to compare success of the substrate. KruskaleWallis was used to
test difference of growth rates between sites and U-test was used to
evaluate the difference in water temperature between Islands.
Simple linear Pearson correlation (r) was used to correlate the
growth variation with SWT.

Fig. 2. Restoration approaches used (a) Initial coral fragments on artiﬁcial underwater structures. (b) Coral fragments after 12 months of restoration on artiﬁcial substrate. (c) Initial
size of coral fragments on natural substrate. (d) Final size after restoration on natural substrate.
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3. Results
After one year 87% of the fragments survived on artiﬁcial and
67% on natural substrate (Fig. 3). Resulting in 75% survivorship for
all species, and important differences of survival between sites
(H ¼ 9.306, p < 0.05), where Zona de Restauración recorded the
highest survivorship. The total losses were 20% by both detachment
(14%) and mortality (6%). Detachment loss was 8% on natural and
6% on artiﬁcial plots. Mortality associated with algal overgrowth
was observed during the ﬁrst ﬁve months, showing mortality difference between sites (H ¼ 8.539, p < 0.05), where 4% of the total
death occurred on fragments planted at 8 m depth on Plataforma
Pavonas, while minimal mortalities (1%) were observed at Zona
de Restauración (Fig. 3).
The annual data calculated at species level (Table 1) shows an
increase of 185% in height respect to initial size with maximum
accumulated growth of 6.38  2.11 cm yr1 and minimum
5.18  1.79 cm yr1 (Fig. 4). Measurements of radial growth
increased 182%, with an annual growth from 5.63  1.73 cm yr1 to
4.80  1.41 cm yr1, therefore showing no difference in height
(F ¼ 1.278, p > 0.05) and radial measurement (F ¼ 1.057, p > 0.05)
between species.
During the experiment neither natural nor artiﬁcial substrates
reﬂected differences on growth between species either in height
(F ¼ 0.109, p > 0.05) or radial growth (F ¼ 145, p > 0.05) (Table 1)
with maximum accumulated growth values of 4.98  1.68 cm yr1
in artiﬁcial underwater structures and 5.29  1.74 cm yr1 in natural substrata (Fig. 4). An important variation of growth was found
associated with the effect of time (month) in both height (F ¼ 2.876,
p < 0.05) and radial growth (F ¼ 2.594, p < 0.05) independent from
substrates; July and November show differences (p < 0.05)
compared with other months with a highest mean in height and
radial measurements (Fig. 5). Comparisons between sites show
Cueva del Muerto attaining the highest mean height and radial
growth 0.58 cm mo1 and Amarradero the lowest (0.34 cm mo1),
both sites in the same Island. Our analyses shows that the difference between sites does not inﬂuence height (H ¼ 3.433, p > 0.05)
and diameter on coral growth (H ¼ 1.034, p > 0.05).
Attachment efﬁciency was 90% on artiﬁcial and 86% on natural
substrate, essentially no difference between species (F ¼ 1.941,
p > 0.05): 93% for P. capitata, 90% for P. verrucosa and 89% for
P. damicornis (Fig. 6). Attachment rates were between 4 and 6
months, however different substrata resulted in different attachment speed (U ¼ 781.5, p < 0.001). Zona de Restauración had the
highest efﬁciency of attachment and Cueva del Muerto the lowest
(Table 1), therefore showing the difference in study sites to have no
effect on attachment rate (F ¼ 0.432, p > 0.05).
Annual mean SWT at both Islands was (26.36  4.04  C), with a
marked difference between cold season (22.26  2.37  C Januarye
May) and warm water season (29.54  1.28  C JuneeNovember).
Differences in mean annual SWT are associated to time (months)
(H ¼ 21.431, p < 0.001) but not between Islands (U ¼ 127, p > 0.05).
There was no correlation between coral growth and annual SWT
(r ¼ 0.236, p > 0.05), however, a seasonal correlation was found,
during the ﬁrst ﬁve months (February to July) from cold to warmer
water temperatures there was shown to be a positive correlation
(r ¼ 0.982, p < 0.05) (Fig. 5).
4. Discussion
Transplant methods are successful techniques previously used
to restore coral reef areas completely degraded (Guzmán, 1991;
Rinkevich, 2005; Edwards and Gomez, 2007; Edwards, 2010;
Lirman et al., 2010; Shaish et al., 2010; Young et al., 2012;
Rinkevich, 2014), however, coral restoration is not commonly

Fig. 3. Fragment survivorship after one year period. (a) Pattern of survivorship of
different coral species. (b) Comparison of survival between study sites (p < 0.05).

employed at coral patches with coverage loss being evident but still
not totally degraded (Reyes-Bonilla et al., 2002; Calderón-Aguilera
and Reyes-Bonilla, 2006). The technique proposed has the advantage of not changing the physical and biological conditions of the
site and does not affect species succession (Shaish et al., 2010), and
most importantly, our restoration concept uses the natural fragmentation of hermatypic branched, fast-growing corals such as
Pocillopora species. This rehabilitation tool is an accelerator to the
natural process of asexual reproduction (Highsmith, 1982), which is
assumed as the main reproduction mode in the region (Guzmán,
1991), due to sexual reproduction (spawning or larvae release)
has not been previously successful for the CMP (Carpizo-Ituarte
et al., 2011).
Our results show high survivorship using both natural or artiﬁcial substrate (Table 1, Fig. 3), and low mortality rate (6%)
compared to different restoration techniques (Rinkevich, 2000,
2005; 2008; Rojas et al., 2008; Edwards and Gomez, 2007;
Edwards, 2010; Shaish et al., 2008, 2010; Levy et al., 2010; LiñánCabello et al., 2010; Gomez et al., 2011) using stable substrata in
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Table 1
Values recorded for Pocillopora fragments mean height (H) and radial growth (R), at different substrata: Natural and artiﬁcial. Sizes increase and attachment for different
species at different sites at Islas Marietas National Park, during 12 months of restoration.
Natural substrate

Artiﬁcial substrate
n

Species
P. damicornis
P. verrucosa
P. capitata
Site
Zona de
Restauración
Cueva del Muerto
Amarradero
Plataforma
Pavonas

H
R
Attach H Increased R Increased n
(cm mo1 SD) (cm mo1 SD) (%)
(%)
(%)

H
R
Attach H Increased R Increased
(cm mo1 SD) (cm mo1 SD) (%)
(%)
(%)

8 0.53  0.35
25 0.44  0.11
15 0.28  0.30

0.28  0.35
0.39  0.09
0.44  0.30

75
92
87

199
177
172

157
177
182

21 0.52  0.27
46 0.45  0.31
33 0.44  0.16

0.45  0.16
0.43  0.18
0.47  0.19

99
89
99

201
186
175

194
187
192

17 0.48  0.24

0.39  0.24

100

193

178

100 0.43  0.29

0.464  0.27

96

187

191

12 0.58  0.13
8 0.36  0.32
11 0.38  0.18

0.51  0.25
0.34  0.18
0.34  0.14

75
88
82

186
171
172

193
178
163

e
e
e

e
e
e

e
e
e

e
e
e

e
e
e

both cases of natural or artiﬁcial substrate in order to provide the
best condition to attach the corals (Bothwell, 1982; Raymundo
et al., 2007). The restoration technique in this study shows low
detachment rates (14%). The losses were associated by extrinsic
effects such as poorly tied specimens or physical dislodgment as a
result produced naturally by waves, tides, currents and bio-erosion.

Fig. 4. Accumulated growth during 12 months. (a) Accumulated coral growth of
different restoration techniques. (b) Comparison of accumulated coral growth between
different species.

e
e
e

These losses were also reported for other restoration studies
(Bowden-Kerby, 2001; Mbije et al., 2010; Garrison and Ward, 2012).
Efﬁciency attachment rates with the use of cable ties to bind fragments to the substrate, was similar compared with other attachment methods (Garrison and Ward, 2012; Forester et al., 2011).
Mortality was observed during the ﬁrst ﬁve months (February to
June). This has shown to be a common pattern (Muñoz-Chagin,
1997; Yap et al., 1998; Lirman, 2000; Mbije et al., 2010; Shaish
et al., 2010), due to high competition among associated groups
such as coralline algae that may have continuous overgrowth
during the cold water season (Yap, 2004, 2009; Liñán-Cabello et al.,
2010). However, this pattern changes as the SWT increases (>2  C)
and the tissue growth recovery becomes evident, which is a
physiologic pattern noticed for different hermatypic species (Clark,
1997; Lirman, 2001; Rojas et al., 2008).
The mortality rate associated with coralline algae competition
affects the survivorship of coral fragments differently between
sites. It is a well-known fact that the same species, depending on its
location and life history, may respond differently to the environmental conditions (Somero, 2002; Middlebrook et al., 2008) and
will adapt or acclimatize to environmental change (Silverstein et al.,
2012; Wooldridge, 2012). We have shown that differences in
mortality rates, in the re-plantation technique, can be explained by
factors such as depth and temperature. At the Isla Redonda sites,
plots were installed at 5e8 m depth and during the re-plantation
temperature drops until 15  C, causing coral stress and enhancing
algae overgrowth and consequently, some fragments die,

Fig. 5. Relation between coral mean growth (bars) and monthly sea temperatures
(circles), during 12 months of restoration at Islas Marietas.
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Fig. 6. Attachment rates comparison among different sites and substrates. (a)
Attachment rates between sites (p > 0.05). (b) Attachment rates between different
substrates. (*) differences among groups (p < 0.001).

contributing to a 5% mortality rate. Unlike, Isla Larga plots were
installed at a shallower depth of 2e4 m and temperature ranges
between 18 and 32  C; as a result the combination of depth, light
and temperature resulted in lesser mortality rate of 1%. This difference was not expected, as previous studies has demonstrated
that Pocillopora is acclimatized and had the ability to cope the
different micro-scale conditions (Rodríguez-Troncoso et al., 2010);
however for practical purposes the data suggest Isla Larga as the
most suitable site to enhance the coral restoration.
In the one year study, the specimens had a growth increase by 2fold regardless of the substrata (Fig. 2). This is a higher growth rate
reported for Pocillopora compared with other reports in the last 30
years for this region (Guzmán, 1991; Guzmán and Cortés, 1993). The
species P. damicornis had the highest growth over the time span of
the experiment but contrastingly, the slowest attachment rate on
both substrates; and despite P. verrucosa, does not having the
highest growth or the fastest attachment to the substrate, is the
coral species with the highest coverage and natural fragmentation
in both islands. Therefore asexual recruit is presumed to be one of
the successful reproductive strategies of P. verrucosa in the zone,
and a possible reason for dominance and resilience (López-Pérez
et al., 2007; Gomez et al., 2011).
On the other hand, the attachment rate on the different substrates used in this study show faster attachment on natural
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substrate than on artiﬁcial (Fig. 6), this may be attributed to the
substrata composition. Natural calcareous substrata develops the
presence of bacterial bio ﬁlms which induces settlement and
growth of many invertebrates (Wieczorek and Todd, 1997; Dahms
et al., 2004; Dobretsov and Qian, 2006), also allows the presence
of calcareous coralline algae and other benthic organisms whose
acts as external chemical cues that promote positive coral recruitment and rapid attachment of coral fragments (Heyward and Negri,
1999; Webter et al., 2004, 2011). So, the use of artiﬁcial structures
although as a general idea may increase the substrata available and
can be used as refugee by other associated organisms; however this
may change the physical condition of the area and as the artiﬁcial
underwater structures do not promote the fragments to attach, the
colony is not stable proving that this is not an effective or recommended method for coral restoration.
The use of small naturally fragmented corals resulted in a suitable growth, ﬁxation and survivorship on both substrates. The replantation technique resulted in affordable restoration because no
extra time was needed to go through the pre-acclimation process to
re-attach, opposed to the transplantation processes used in coral
nurseries (Shaish et al., 2010; Young et al., 2012; Rinkevich, 2014).
One very important advantage is that no healthy corals are sacriﬁced from donor sites which may increase the chance of killing off
healthy donor colonies (Abelson, 2006). Another feature of the reattachment is to avoid installation and maintenance costs that
involve ﬂoating nurseries (Levy et al., 2010; Young et al., 2012), plus
the concern of suitable transportation from the donor site (MuñozChagin, 1997; Dodge et al., 1999; Omori and Fujiwara, 2004). This
restoration concept eliminates and solves relocation challenges
that transplantation may induce (Yap and Gomez, 1985; Yap et al.,
1992; Baums, 2008), and may accelerate the reproduction strategy of asexual recruits using “corals of opportunity” (Monty et al.,
2005; Edwards and Gomez, 2007). This promotes successful
restoration in locations where natural fragmentation is present,
and by not introducing corals from other localities, this in fact increases the chance of success by not changing the gene ﬂow
(Baums, 2008: Young et al., 2012).
The results of this study showed the major growth rate and the
most attachment efﬁciency during the warmer season. Previous
studies show that temperature is one of the most important abiotic
factors that regulate physiological activities such as growth, with a
pattern of high growth rate during warm water temperatures and a
decrease during cold temperatures (Dullo, 2005; Carricart-Ganivet,
2011). At this point restoration actions have to consider the water
temperature as an important factor before start restoration programs. Therefore, based on the results of this work it is recommend
begin during early summer that could be promote high survivorship, high growth and faster attachment rates with a successful
results for restoration purposes.
5. Conclusions
Islas Marietas has a high social and biological value as it harbors
one of the most important coral communities in the Central
Mexican Paciﬁc; it is also considered a hotspot tourist area where
thousands of visitors come each year. The Islands were declared a
National Park where government authorities and managers are
applying passive management measures such as legislation and
regulation of standards to mitigate anthropogenic stress (CONANP,
2007). However, since the inception of the IMNP, it has been
observed that activities such as overﬁshing, diving, anchoring and
open boat access around the Islands plus the presence of natural
phenomena such as ENSO events have caused a continuous
decrease in coral coverage (Rodríguez-Troncoso and CupulMagaña, 2013). Active restoration management is urgent and will
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be required to maintain the healthy coral coverage in order to
conserve the high biodiversity associated with the coral population.
The actions that we are proposing will help maintain the high
ecological value of the area and also the economic and social resources for the regional economy.
The present study shows that a reliable, low cost and short-term
coral restoration project can be performed through re-attachment
of coral fragments (Pocillopora spp.) on natural substrate, as we
have proven. This is a feasible and successful rehabilitation tool that
we have proposed to be applied as long-term restoration programs
for IMNP and a promising technique in other locations in the Bay
and we feel it can also be used in other degraded coral regions
worldwide. While these techniques should mitigate the coral
coverage loss, we also highly recommend applying other management strategies such as: public awareness, activity restrictions,
educational workshops involving regional tourism agencies, local
communities and stakeholders. These techniques and management
strategies should increase the chances to regenerate the continuous
loss of corals in response to unpredictable environment and
anthropogenic impacts. It is also our belief that the restoration
techniques used in this study are the most suitable and practical in
preserving IMNP coral populations in the future and maintaining
an important coral dispersal route between subpopulations over
the Eastern Tropical Paciﬁc.
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