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ARTICLE INFO ABSTRACT

Keywords: Coral reefs harbor one of the highest biodiversity on Earth but increasing disturbances have often led to rapid
Fish Comm““m‘es shifts from coral to algal states, prompting the development of conservation methods, including coral restoration.
French Polynesia While most studies have focused on the medium and long-term effects of restoration on fish assemblages, less is

Restoration efforts

Diversity known about its short-term effects (i.e., within one month) on associated communities. This study explored the
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short-term impacts (<1 month) of coral restoration, including four restoration conditions, on fish abundance,
diversity, and assemblages in a marine educational area (a small coastal area managed by a scholl in the frame of
an eco-citizen pedagogical program) in Bora Bora, French Polynesia. Sixteen dead reef patches previously
covered by macroalgae were grouped into four conditions as follows: four were non-restored (control condition),
four were restored to 25% living coral cover (condition 25%), four to 50% living coral cover (condition 50%),
and four were restored to 75% living coral cover (condition 75%). The abundance of fish at adult and juvenile
stages was assessed, before and after coral restoration, using the fixed-point method for a period of 5 min on each
of the 16 reef patches. Two successive observation periods were conducted for each patch: one focusing on more
visible and mobile fish, and another on more cryptic species. Surveys were conducted one day and three days
prior to restoration, and then 24 days and 28 days post-restoration. For adults, the difference in abundance,
number of species, and diversity before and after restoration were not significant between the conditions.
Similarly, for juveniles, no significant differences were observed when considering the conditions and restora-
tion. Before restoration, the fish assemblages were randomly distributed between the four conditions for both
adults and juveniles. After the restoration, the inter-conditions similarity decreased significantly for adults, but
not for juveniles. Some species were associated with the more restored patches (Chaetodon citrinellus, Halichoeres
trimaculatus, and Zanclus cornutus). Finaly, the restoration seemed to have variable effects depending on the
trophic groups. Coral restoration has short-term effects on fish assemblages, indicating the effectiveness of
restoration efforts even within a brief period. These rapid changes underscore the remarkable ability of adult fish
to adapt to rapidly changing environments.
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S. Krimou et al.
1. Introduction

Although coral reefs cover slightly less than 0.1% of the ocean’s
surface, they host one of the most extensive taxonomic biodiversity on
Earth (Porter and Tougas, 2001). However, the increasing frequency and
intensity of disturbances linked to climate change and local human ac-
tivities are causing rapid degradation of coral reefs (Hughes et al., 2017;
Noisette et al., 2022). In response, various monitoring and conservation
methods, such as coral restoration, have been developed
(Bostrom-Einarsson et al., 2020; Clark and Edwards, 1995; Lirman and
Schopmeyer, 2016; Salvat et al., 2002; Young et al., 2012).

The International Science and Policy Working Group of the Society
for Ecological Restoration defines coral restoration as “the process of
helping to recover an ecosystem that has been degraded, damaged, or
destroyed” (SER, n. d.). Traditional methods of active reef restoration
include physical restoration (e.g., reprofiling the sea floor, consolidating
the reef structure, and installing artificial structures) and/or biological
restoration (e.g, direct coral transplantation, coral gardening,
micro-fragmentation, and repopulation with larvae) (Bostrom-Einarsson
et al., 2020; Romon, 2018). In the last decade, new types of restoration
have emerged, including the modification of coral phenotypic plasticity
(Thériault-Gauthier, 2017), acoustic enrichment (Gordon et al., 2019),
the introduction of herbivorous species (Krimou et al., 2023), and
microbiome manipulation to mitigate heat stress (Voolstra et al., 2023),
which are interconnected (Thériault-Gauthier, 2017). For instance,
acoustic enrichment coupled with active coral restoration can enhance
fish assemblages (Gordon et al., 2019). However, caution must be
exercised to prevent pushing a restoration technique to its extreme, as
exemplified by the re-introduction of species, which, if done excessively,
may result in invasive species concerns and disrupt the ecological bal-
ance. In light of these elements, it appears that coral restoration is
widely employed to address declines in coral cover. While it is necessary
to monitor the dynamics of fish in restored areas to assess restoration
progress (Zakaria and Syaifullah, 2020; Alvarez-Filip et al., 2015), very
few studies have focused on the temporal response of fish communities
to coral restoration (Hein et al., 2020).

The term ‘succession’ refers to the changes observed in an ecological
community because of a disturbance that opens up a relatively large
area. These changes often include a sequence of species and increases in
biomass and diversity (Connell and Slatyer, 1977). Ecological succession
has mainly been studied in terrestrial ecosystems in studies focusing on a
broad range of topics such as primary and secondary plant succession,
arthropod succession in mangroves and carcasses, or in link with carbon
sequestration (Anderson, 2007; Liu et al., 2023), but studies are gener-
ally more recent in the marine realm (Harrison and Whitfield, 2004;
Jouval et al., 2020, Toledo et al., 2020, Mathews et al., 2021, Li et al.,
2022, Vicente et al., 2022, McDevitt-Irwin et al., 2023).

Understanding the impact of habitat fragmentation and consumer
loss on coral reefs is crucial for comprehending how habitat character-
istics moderate the effects of consumer-resource interactions on suc-
cessional dynamics (Gonzalez et al., 2020). The architectural complexity
of the coral reef environment, mainly driven by the abundance of her-
matypic corals, plays an influential role in shaping the community
structure of reef-associated organisms (Komyakova et al., 2013).

In response to acute disturbances such as coral bleaching, cyclones,
or other events, fish assemblages exhibit a wide range of responses
(Pratchett et al., 2011; Wilson et al., 2006). This variability includes
scenarios where there is no perceived change, declines, or even increases
in the abundance of certain fish species (Bellwood et al., 2006; Garpe
et al., 2006; Munday et al., 2008). Notably, fish species highly special-
ized and dependent on corals, such as coral-feeding butterflyfish, are
particularly sensitive to coral loss (Pratchett et al., 2008). While
numerous studies have explored the crucial role of some fish species in
coral reef resilience (Adam et al., 2011; Hughes et al., 2007), there is
also a focus on artificial or restored natural reefs in understanding the
mechanisms of ecological succession in aquatic ecosystems (Santos
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et al., 2011; Wang et al., 2021).

The structure and diversity of fish assemblages can serve as valuable
indicators to assess the success of restoration projects (Harrison and
Whitfield, 2004; Zakaria and Syaifullah, 2020; Sangil et al., 2024).
While some restoration projects have directly assessed fish populations,
fish are often studied as secondary qualitative observations, and
research on the effects of adding live coral cover and complexity on fish
is still in its early stages (Seraphim et al., 2020). Few studies exist on
how the addition of structural complexity during coral restoration can
restore reef ecosystems (Opel et al., 2017). Specifically, the effect of
adding coral cover and complexity on fish lacks scientifically validated
research (Seraphim et al., 2020).

Moreover, the effect of coral restoration on fish assemblages varies
strongly over time, whether for the short term (i.e., within the first
month), medium term, or long term (i.e., at least one year). After a week
of outplanting, it has been demonstrated that there was an increase in
fish abundance, species richness, and a significant shift in fish commu-
nity composition (Opel et al., 2017). More research is needed to confirm
the trends observed in this Caribbean reef. While there is generally a
positive effect of coral reef restoration in the medium/long-term, often
resulting in increased fish diversity and abundance after months or years
(Fadli et al., 2012), responses of fish assemblages to coral restoration
have been shown to be very complex, with region-, site-, and
size-specific patterns (Hein et al., 2020). For example, while a higher
abundance of damselfish at restored sites seems consistent, the increased
abundance of herbivorous fish appears to be limited to individual reefs
(Ladd et al., 2019).

Patterns of fish abundance and richness during the first months
following coral restoration can be complex and variable, with fluctua-
tions occurring during this period. In a study from a non-reef environ-
ment, Santos et al. (2011) demonstrated that fish abundance and
richness may initially increase following the installation of an artificial
reef, but then decline within the first six months. These observations
were associated with an increase in biomass, with variations noted
depending on the type of material used for the artificial reef. Other
studies indicated drops in fish abundances six months after structural
addition (Smith, 1978, Golani and Diamant, 1999). An explanation
could be that the initial high abundance reaches a plateau (Bohnsack
and Sutherland, 1985).”

Our study aims to compare fish abundance, diversity, and assem-
blages before and after coral restoration in the Marine Educational Area
(MEA) of Bora Bora (French Polynesia) to evaluate short-term fish
changes occurring within one month. A marine educational area is an
eco-citizen pedagogical concept that involves a small coastal area
managed by students from a school under the supervision of a scientific
mentor and their teacher(s). Therefore, analysis over a short-term period
will enable us to understand the early mechanisms of ecological suc-
cession in fish and their evolution over time within a month. Our hy-
pothesis is that within a month, changes in abundance and diversity
would not be yet significant while we expect to observe initial signs of
modifications in fish assemblages.

2. Materials and methods
2.1. Study sites

The study was conducted at a Marine Educational Area (MEA),
located on the fringing reef of Bora Bora (French Polynesia, Fig. 1). The
MEA is a 40,000 m? area located on the west coast of the south part of
the main island (16°31'29" S, 151°44'20" W). Sixteen dead reef patches
with a size range from 5 to 12 m? were identified and grouped into four
conditions as follows: four were non-restored (control condition), four
were restored to 25% living coral cover (condition 25%), four to 50%
living coral cover (condition 50%), and four were restored to 75% living
coral cover (condition 75%).

Prior to the restoration efforts, the reef patches had less than 1%
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living coral cover and were dominated by macroalgae, especially by
Dictyota spp., Halimeda spp., Padina boryana, and Turbinaria ornata,
which covered over 85% of the reef surface. To restore the reef patches,
healthy coral colonies (size between 10 x 5 x 5 cm and 15 x 30 x 10
cm), naturally present near the MEA zone, were manually glued (using a
mix of SikaLatex, cement, and sand) individually in less than two days.
The coral colonies used in this study were relocated prior to the con-
struction of a new infrastructure, which is located 500 m away from the
MEA. The proportion of different coral species used on each reef patch
was as follows: 70% Acropora spp., 18% Porites rus, and 12% Porites
lobata (Fig. 1). This distribution was based on the coral cover found on
the fringing reef close to the MEA (Lecchini et al., 2021). Coral colonies
were transplanted from a similar and nearby fringing reef to the studied
patches. Macroalgae were manually removed before attaching new
corals. In addition, throughout the experiment, macroalgae that settled
on the coral patches were removed daily (McClanahan et al., 2000,
2001).

2.2. Fish survey

The abundance of fish at adult and juvenile stages was assessed,
before and after coral restoration, using the fixed-point method for a
period of 5 min on each of the 16 reef patches (method adapted from
Dethier et al. 1993). The mean depth was approximately 1 m and the
maximal depth was approximately 1.4 m. Each site was surveyed across
the entire patch. The potential effect of the size of the patches was not
directly accounted for during the survey, but it was considered in the
statistics (see Statistical analysis section). Visual estimates were
employed because they are deemed to be more accurate, especially for
rare species, compared to other methods involving random points
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(Dethier et al., 1993). Surveys were conducted one day (D—1) and three
days (D—3) prior to restoration, and then 24 days (D24) and 28 days
(D28) post-restoration. Abundances at D—1 and D—3 characterized the
pre-restoration period, and values at D24 and D28 characterized the
post-restoration period. Abundance and life stage (adult vs. juvenile)
were determined for each species, excluding small cryptic species from
the families Blenniidae, Carapidae, Gobiidae, and Tripterygiidae (Siu et al.,
2017). The size of the individuals allowed to distinguish between ju-
veniles and adults. In addition, the pigmentation patterns and the
behavior were also used to differentiate adults from juveniles (Lecchini
and Galzin, 2005).

S.K. conducted all the surveys during 1 h and a half between 10 a.m.
and 4 p.m. Due to the limited tidal range at Bora-Bora, which reaches a
maximum of 40 cm during spring tides (Pirazzoli et al., 1985), there is
no temporal effect (e.g., day of sampling).

2.3. Statistical analysis

All statistical analyses were performed using R software 4.1.1 (R
Core Team, 2021). The abundance (Ab, i.e., the total number of fish), the
number of species (NoSp), and the Shannon diversity index (H') were
calculated for each of the four conditions (control, 25%, 50%, and 75%
conditions), each patch (A, B, C, and D), each period (before vs. after
coral restoration), and replicates (1 vs. 2). Linear mixed-effects models
were used, with one for juveniles and another for adults (function lme,
library nlme. To account for site-level differences, the site was treated as
a random variable. For each feature (Ab, NoSp, and H), the interaction
of the condition and the period was examined. Homoscedasticity of
variances and normality assumptions were checked and met. The simi-
larities in fish assemblages’ composition among the four conditions

Fig. 1. Location of the study site. (A) Bora Bora with the zone of interest highlighted in red, (B) Detail of the Marine Educational Area (MEA) outlined with a dashed
white line. The imagery used is from Airbus and has been modified from Google Earth. Each study patch is denoted by a yellow circle. (C and D) Examples of non-

restored vs. a restored patch in the MEA, respectively.
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(control, 25%, 50%, and 75%) were tested using analyses of similarities
(ANOSIM) based on Bray-Curtis dissimilarity matrices using the package
vegan (Bray and Curtis, 1957). The output is a metric called R with R €
[-1, 1]. Null R values indicate random grouping, positive R values
indicate greater similarity within groups, and negative R values indicate
greater similarity between than within groups (Warton et al. 2012).

A permutation-based test was used to test the multivariate homo-
geneity of group variance (functions permutest and betadisper, vegan
package) on distance matrices that were previously standardized
(function decostand, method = normalize). The homogeneity of variance
was confirmed after this standardization (Fisher tests: Df = 3, F = 1.70
and 0.40, P = 0.18 and 0.77). Therefore, permutational multivariate
analyses of variance (PerMANOVA) based on distance matrices (func-
tion adonis2) were used to determine whether the fish assemblage’s
composition varied with restoration (group 1 = control, group 2 = 25%,
group 3 = 50%, and group 4 = 75%) (Anderson, 2007). The method of
Bray was used to calculate pairwise distances. Canonical Correspon-
dence Analysis (CCA) was used to visualize the fish assemblages and the
effect of the restoration. A first CCA was conducted on the data before
the restoration, and a second CCA on the data after the restoration. The
“restoration” variable was added only on the ordination plot of the
second CCA. The same analyses were conducted separately for adult and
juvenile fish.

Fish species were then classified into seven trophic groups (Viviani
et al., 2019): (1) grazers, (2) herbivorous scrapers or excavators, (3)
herbivorous detritivores, (4) omnivores, (5) planktivores, (6) piscivores,
and (7) benthic invertebrates’ feeders. As only one species was herbiv-
orous detritivore, it was excluded from the trophic level analysis.
Nevertheless, it was included when considering all species collectively.
It was neither abundant nor significant, constituting only 3% of obser-
vations. The differences in the three ecological features (Ab, NoSp, and
H') before and after the restoration for each condition were calculated (e.
&, AH” = H’ after — H'before)- The difference between the mean number of
individuals before and after restoration (A) was calculated in each tro-
phic group. Kruskal-Wallis tests were used to compare the four condi-
tions (0%, 25%, 50%, and 75%).

3. Results

During the study, 53 fish species from 19 families were observed. The
most abundant families were Labridae (10 species), Pomacentridae (8

4
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species), Scaridae (7 species), Chaetodontidae (6 species), and Acan-
thuridae (4 species). The total fish abundance before restoration was
16.47 + 10.30 individuals per patch reef (mean + SD), which increased
to 20.97 + 10.98 individuals per patch reef (overall mean for the four
conditions together) after the restoration (Fig. 2). For adults, the dif-
ference in abundance (Ab), number of species (NoSp), and diversity (H')
before and after restoration were not significant between the conditions
(Ab: F=1.81,P =0.16; NoSp: F=1.97,P =0.13;and H: F=1.40,P =
0.26; Table SP5). Similarly, for juveniles, no significant differences were
observed when considering the conditions and restoration (Ab: F = 1.37,
P = 0.27; NoSp: F = 2.36, P = 0.085; and H = 1.14, P = 0.35;
Table SP6). For both adults and juveniles, irrespective of the period, no
significant differences were observed between the conditions (for Ab,
NoSp, and H’: all P > 0.05, Table SP5 and SP6), indicating homogeneity
in the patches within the study area. In contrast, without considering the
conditions, significant differences were observed between the two pe-
riods for adults (all P < 0.0003, Table SP5), indicating high variability in
the fish species present. For juveniles, fish abundance was equivalent (P
= 0.78) but not the number of species or diversity (both P < 0.0001,
Table SP6).

Before restoration (D—1 and D-3), the fish assemblages were
randomly distributed between the four conditions (control, 25%, 50%,
and 75%) for both adults and juveniles (ANOSIM, R = 0.057 and 0.024,
P = 0.15 and 0.25, respectively). After the restoration, the inter-
conditions similarity decreased significantly for adults (ANOSIM, R =
0.27, P = 0.001), but not for juveniles (ANOSIM, R = 0.068, P = 0.11).
The fish assemblages were equivalent between the four groups (0%,
25%, 50%, and 75%) before the restoration for both adults and juveniles
(PerManova, df = 3, F = 0.16, P = 0.15; df = 3, F = 1.33 and P = 0.20,
respectively), while after the restoration a significant difference was
observed for adults (PerManova, df = 3, F =2.72, P = 0.001), but not for
juveniles (PerManova, df = 3, F = 1.16, P = 0.29). Thus, after the
restoration, the CCA concentration ellipses of fish assemblages were
distributed along the CCA1 axis illustrating the effect of the restoration
on the fish assemblages (Fig. 3). After the restoration, adults and juve-
niles were distributed in the CCA plot according to two axes: CCA1 re-
flected coral restoration while CCA2 reflected variability in some patch
reefs restored at 25%. Some species were associated with the more
restored patches (C. citrinellus, H. trimaculatus, and Z. cornutus; scores:
—0.94, —0.96, and —1.3). When considering 95% confidence interval
ellipses, there was no overlap between the 75% and the 0% assemblages.

A abundance

2 4

50% 75% 0% 25% 50% 75%
Coral restoration

Fig. 2. Violin plots illustrating probability distribution with boxplots illustrating the median and the interquartile range to illustrate the differences in (A) the
number of species (ANoSp), (B) the diversity (AH’), and (C) the abundance (AAb) before and after the restoration for the four restoration conditions (0%, 25%, 50%,

and 75%).
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restoration
B

-2 -1 0 1

CCA1

Fig. 3. Canonical correspondence analysis ordination plot displaying the
composition of the adult fish assemblages after the restoration based on Bray-
Curtis dissimilarities, with 95% confidence intervals represented by ellipses.
The colors red, orange, yellow, and green correspond to the four restoration
conditions (0%, 25%, 50%, and 75%, respectively). The pink dots correspond to
each site replicate and the fish icons to the fish species. A different icon was
used for each fish family.

When considering each trophic group at adult stage separately, the
maximal A in the mean number of individuals was observed at 50%
restoration for all trophic groups (i.e., herbivorous grazers, herbivorous
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scrapers/excavators, omnivores, and benthic invertebrates’ feeders),
except piscivores and planktivores (Fig. 4). Maximal values for pisci-
vores were observed at 75% restoration, while for planktivores, they
were observed when there was no restoration. However, differences
among the four conditions were not statistically significant (Kruskal-
Wallis: X2 = 0.24-4.51; df = 3; P = 0.21-0.97). The restoration has
variable effects on each of the various trophic groups when compared to
one another. For grazers, positive A values were obtained, while nega-
tive values were observed for planktivores in all restored patches.

4. Discussion

While restored reefs remain vulnerable to global factors such as
climate change, pollution, and diseases, coral restoration can enhance
essential ecological functions and services for reefs that have undergone
significant degradation and lack resilience for natural recovery (Rinke-
vich, 2008) or in cases where expedited recovery is desired. For instance,
when sites have been degraded to the point of rubble, fast natural re-
covery without human intervention is generally unlikely (Fox et al.,
2003). In the context of restoration projects, the structure and diversity
of fish assemblages can serve as valuable indicators for evaluating suc-
cess (Harrison and Whitfield, 2004). An increase in fish abundance and
diversity is commonly observed after a significant period, typically
months or years, following the start of the restoration process (Fadli
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et al., 2012). If artificial reefs are known to be rapidly (i.e., >1 day)
colonized by fish (Bohnsack and Sutherland, 1985, Golani and Diamant,
1999), the colonization in coral restoration processes is not widely
studied (Opel et al.,, 2017). Our study specifically investigated the
short-term effects of coral restoration on fish assemblages in the Bora
Bora reef over a period of 24-28 days. The results suggest a rapid shift in
some adult fish assemblages with coral restoration, without significant
changes in richness, diversity, and abundance. In other words, our
findings conclude that early restoration effects did not manifest as dif-
ferences in abundance or diversity but rather in the type of assemblage
present. In the Caribbean, it has been shown that restoration leads to a
change in community composition, resulting in no overlap between
controls and outplants seven months later, very similar to what we
observed between our control and 75% restoration condition.

More specifically, the results underscored that the short-term effects
of coral restoration were primarily attributed to adult fish at Bora Bora.
This distinction could be due to the fact that newly recruited juvenile
fish might not have had sufficient time to establish themselves on the
newly restored patches. In longer-term studies, changes in abundance
and diversity can be influenced by both the specimens that were already
present and those that recruited to the area (Fadli et al., 2012). On the
contrary, in short-term studies, the timeframe is too brief to consider
new juveniles resulting from recruitment. Newly recruited individuals
often exhibit cryptic behavior, making them challenging to identify, and
they are typically not counted in visual estimations. Additionally, the
requirements of juvenile fish may differ from those of adults, encom-
passing variations in feeding habitats and nursery preferences (Mumby
et al., 2004; Nagelkerken et al., 2000, 2002; Ogden and Quinn, 1984).
The findings underscore the importance of considering the life history of
fish when planning and evaluating coral reef restoration efforts. Juve-
nile fish recruits play a critical role in the long-term success of restora-
tion efforts, contributing to the replenishment of populations and the
maintenance of functional roles within the ecosystem (Seraphim et al.,
2020). Consequently, it is essential to incorporate considerations for the
recruitment and survival of juveniles into restoration planning (Sera-
phim et al., 2020).

One of the unique aspects of our study lies in not altering the species
proportion of restored coral, but rather quantifying coral cover using the
same species, while considering the area of coral cover. In our case, the
species of coral restored were consistent across the experiment (Acrop-
ora spp., Porites rus, and Porites lobata) and only their abundance varied
(control, 25, 50 vs. 75% coral cover). Restoration efforts can involve
creating habitat mosaics, establishing multiple habitat types within a
single restoration project (Henningson et al., 2015). On the other hand,
artificial reefs may yield different assemblages from those required due
to the preference of certain organisms for specific substrates (Burt et al.,
2009). Maintaining connected coral colonies is crucial for sustaining
prey fish assemblages, as a low coral cover can create wide-open spaces
that increase predator densities (Stewart and Jones, 2001). Moreover,
high levels of coral cover and species richness generally favor high levels
of fish abundance and species richness (Komyakova et al., 2013).
Furthermore, architecturally complex coral morphologies, such as
branching forms, support a higher number of individuals and fish spe-
cies than less architecturally complex morphologies, such as mounding
forms (Holbrook et al., 2002). This general relationship is likely due to
the increase in architectural complexity and, thus, in 3D space, which
translates into increased quantities of resources for fish (i.e., food/prey
and shelter) (Graham and Nash, 2013). The associations between fish
assemblages and habitat parameters were predominantly positive in
Hawaii (Fukunaga et al., 2020), confirming earlier research findings:
greater architectural complexity of habitats is associated with higher
levels of fish abundance and diversity (Graham and Nash, 2013; Hol-
brook et al., 2002; Komyakova et al., 2013). In contrast, a high per-
centage of scleractinian coral cover may suggest a less heterogeneous
fish fauna. Therefore, a study focused on coral restoration by coral
species could enhance our understanding of fish preferences, assemblage
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dynamics, and ecological succession.

The latest finding in our study concerned differences between tro-
phic groups. In the literature, Fukunaga et al. (2020) noted that certain
herbivorous fish assemblages prefer habitats with high levels of small-
and large-scale architectural complexity associated with all types of
coral morphologies (similarly to our 50% condition) but not necessarily
habitats with high architectural complexity (similarly to our 75% con-
dition). Different successions seem to occur for small herbivorous gra-
zers/corallivores (e.g., butterflyfish and some damselfish) that appear to
prefer habitats containing a high level of small-scale architectural
complexity associated with branching and/or encrusting corals (Fuku-
naga et al., 2020). Regarding planktivores, it is known that their abun-
dance could be more strongly correlated with current strength and
predator abundance than with topographic complexity or branching
coral cover (Thresher, 1983). In our study, the percentage of coral cover
did not appear to be correlated with the abundance of planktivores. This
highlights the limitations of generalizing habitat-fish interactions
without considering trophic variability and underscores the importance
of conducting formal assessments with individual species when there are
a priori specific species of interest or when data analyses reveal potential
species of importance (Fukunaga et al., 2020).

5. Conclusion

This study unveils the effect of coral restoration on fish assemblages
in a short time frame. These rapid changes prove the effectiveness of
coral restoration and showcase the incredible adaptability of adult fish
to a rapidly changing environment.
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