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Introduction

Coral reefs are hotspots of biodiversity and contribute to the 
wellbeing of millions of people through the ecosystem ser-
vices they provide (Ramseyer et al. 2021). However, over 
the past decades, reef health has declined on a global scale 
(Hughes et al. 2017). 14% of the world’s coral reefs disap-
peared between 2009 and 2018 (e.g., Costanza et al. 1997; 
Souter et al. 2021). Reduction of coral cover often leads to 
an increase of their main spatial competitors meaning algae 
(e.g., Mumby and Steneck 2008; Fong and Paul 2011) which 
in turn diminishes the space for coral larvae establishment 
leading to affected coral larvae recruitment and survival 
(e.g., Olsen et al. 2016). Many factors such as bleaching 
events (Jackson et al. 2014), ocean acidification (Godefroid 
et al. 2022), or diseases (Brandt et al. 2012) can cause the 
“phase shift” from coral- to macroalgal-dominated reefs. 
Moreover, other factors as eutrophication (Lapointe 1999) 
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Abstract
Coral reefs, some of the most important marine ecosystems, are mainly structured by interactions between corals and ben-
thic algae. The outcome of these interactions varies depending on the types of corals and algae involved. However, human 
activities, associated mainly with eutrophication and overfishing of herbivorous organisms, strongly impact the outcome 
of algae-coral interactions by promoting progressive replacement of corals by algae. The present study aimed to firstly 
establish the first inventory of algae-coral interactions at the species level on the Bora Bora reefs, and then experimentally 
determine the role of herbivorous species (sea urchins and Trochus shells) in the regulation of these complex algae-coral 
interactions. Firstly, visual surveys showed that the outcome of algae-coral interactions varied significantly according to 
the length of the algae-coral interaction border, and among algae-coral couples. For example, unhealthy coral colonies 
with large interaction borders were associated with a higher percentage of negative interactions. Then, using experimental 
enclosures for 70 days, we showed that the sea urchin Tripneustes gratilla controlled the proliferation of algae and thus 
allowed a better growth of Acropora corals. Overall, the present study suggests that conservation programs should rely 
on grazer densities as a Nature-Based Solution to attenuate global shifts from coral- to algal-dominance.
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Fig. 1  (A) Location of Bora-Bora in the South Pacific Ocean. (B) Map 
of Bora-Bora showing the three radials (N, SE, SW) associated with 
two geomorphological units: fringing reef (F, in white) or barrier reef 
(B, in black). Grey shading represents land formed from coral, and 
grey dotted lines represent the limit of submerged coral reefs. Red 
circle shows the location of the experiment in the Marine Educative 
Area (MEA)

and overfishing of herbivores such as the long-spined sea 
urchin Diadema antillarum (Lessios 1988; Cook 2023) are 
responsible of the progressive replacement of corals by mac-
roalgae (Nugues and Bak 2006). Today, algal growth often 
outcompetes corals while the spatial competition between 
algae and corals normally structures the overall dynamics of 
many reef ecosystems in the world (Miller 1998; Thinesh et 
al. 2019; Inagaki and Longo 2024).

The outcome of competitive interactions between algae 
and corals depends on the type of algae involved, such as 
macroalgae, turf algae, or crustose coralline algae (CCA). 
Some CCA have beneficial effects on corals, offering settle-
ment space for coral larvae and supporting coral recruitment 
(Price 2010). Conversely, macroalgae like Halimeda spp. 
can block corals’ access to light, reducing their photosyn-
thetic capacity (Castro-Sanguino et al. 2016). Additionally, 
macroalgae and turf algae, which consist of diverse assem-
blages of filamentous species, can harm corals (Tebbett and 
Bellwood 2019) namely through the production of second-
ary metabolites that induce bleaching along the interaction 
borders (Rasher et al. 2011; Barott et al. 2009; Haas et al. 
2010). These algae can also disrupt the microbial commu-
nities that normally protect corals from pathogens, further 
weakening coral health (Barott et al. 2012). The effects of 
algae interactions vary depending on coral type and size. 
Smaller and larger coral colonies tend to be better competi-
tors (Barott et al. 2012), while encrusting corals are more 
successful in outcompeting turf algae, and branching corals 
often struggle to win these interactions (Swierts and Vermeij 
2016).

Overall, the competitive interactions between algae and 
corals are always a topical debate. In addition, herbivores 
(fish, Trochus shells or sea urchin) can regulate this com-
petition (e.g., Edmunds and Carpenter 2006, Mumby et al. 
2006, Ling et al. 2018). A study conducted by Krimou et 
al. (2023) on Bora Bora Island highlighted experimentally, 
and at a relatively high density (i.e., 5 individuals.m2), that 
Tripneustes gratilla and Diadema setosum sea urchins con-
tributed to regulate the growth of different species of mac-
roalgae, but the potential effects on coral growth were not 
tested. The local interactions between algae, corals and her-
bivores, although studied at smaller scales, have far-reach-
ing implications for the structural complexity and resilience 
of coral reef ecosystems. These competitive interactions 
can serve as indicators of reef health. Persistent algal over-
growth can lead to macro-scale phase shifts, highlighting 
the need to study these interactions in detail.

Therefore, beyond a general objective devoted to the 
preservation of coral reefs, the present study aimed to (i) 
establish the first inventory of algae-coral interactions at the 
species level in Bora Bora reefs and evaluate the impact of 
few parameters on the outcome of algae-coral interactions, 

and (ii) experimentally determine the role of herbivorous 
species (sea urchins and Trochus shells) in the regulation of 
the complex algae-coral competitive interactions to main-
tain a balanced substrate between algae and corals.

Materials and methods

Area of investigation

Bora Bora is a 20 km2 tropical volcanic island located in 
the South Pacific Ocean (Fig.  1A) and more precisely in 
the Society archipelago of French Polynesia (16°29’S, 
151°44’W). Coral reefs surrounding Bora Bora have a total 
area of 70 km2 with four main geomorphological units (from 
the coast to ocean): the fringing reef, the channel, the barrier 
reef, and the outer slope (Lecchini et al. 2021).

In situ surveys

Surveys of algae-coral interactions were conducted in Bora 
Bora reef during the warm season from January to March 
2023, by snorkeling. To include a possible spatial vari-
ability at the scale of the island, three radials on the North 
(N), South-West (SW) and South-East (SE) were chosen. 
On each radial, sampling was carried out on two different 
geomorphological units (or habitats): fringing reef (F) and 
barrier reef (B). For each habitat, three sites were selected, 
leading to a total of 18 studied sites (3 radials x 2 habitats x 
3 sites) (Fig. 1B).

On each site, the living coral and algae, dead coral, sand, 
or rubble substrates were recorded along a 25-meter transect 
line, defining the percentage of cover for the different sub-
strates along the transect. The substrate composition differs 
across habitats and radial regions (Table 1). In the fringing 
reef, the North sites are heavily dominated by dead coral, 
particularly at site NF2, where dead corals cover 94% of 
the area. In contrast, South-West and South-East fringing 
sites have a more balanced substrate distribution, with sig-
nificant amounts of rubble and live coral, notably at SOF3, 
where live coral accounts for 35%. In the barrier reef, the 
North sites feature a mix of substrates, with live coral rang-
ing from 43 to 57%. The South-West and South-East barrier 
sites show a similar pattern, although SOB2 is notable for 
having the highest live coral percentage at 60% (Table 1).
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specific CCA species in situ means that the type of interac-
tions between CCA and corals can be easily missed or mis-
interpreted without proper laboratory verification (Twist et 
al. 2020; Piazza et al. 2021).

Each algae-coral interaction was classified according 
to Barott et al. (2012) as follows: (i) negative interaction: 
algae enter the coral zone and impacts it (bleaching, tis-
sue damage, necrosis, fluorescence) (Fig. 2A and B); or (ii) 
neutral interaction: neither the coral nor the algae win the 
spatial competition (Fig. 2C). A single coral colony could 
be involved in multiple competitive interactions with dif-
ferent algae and different types of interactions, and all 
were considered. However, although we were looking for 

Each living coral colony intercepting the 25-meter tran-
sect line was identified at the species level (or by the genus 
when coral species could not be visually identified), mea-
sured (maximum coral colony diameter) and its health per-
centage (ranging from 1 to 100%) was visually estimated. 
Algae in contact with the coral colony were identified at the 
species or family level for macroalgae and functional group 
for turf algae. The length of algae-coral interaction border 
was measured (method describer by Eich et al. 2019). We 
did not survey CCA since they can be taxonomically iden-
tified only through microscopic or genetic analysis. There 
are also strong species-specific differences in their effects on 
corals (Jorissen et al. 2020) and the difficulty in identifying 

Table 1  Percentage of substrate cover (dead coral, live coral, sand and rubble) recorded on the 18 sites for each radial and each habitat
Habitat Radial Site Substrate (%)

Dead coral Live coral and algae Sand Rubble
Fringing reef North NF1 67 12 4 17

NF2 94 6 0 0
NF3 9 28 55 8

South-West SOF1 6 51 1 42
SOF2 10 39 0 50
SOF3 19 35 21 25

South-East SEF1 14 18 38 30
SEF2 20 31 16 34
SEF3 45 34 7 14

Barrier reef North NB1 8 43 24 24
NB2 17 55 5 23
NB3 7 57 10 26

South-West SOB1 48 50 0 2
SOB2 29 60 8 2
SOB3 8 67 21 4

South-East SEB1 49 30 4 17
SEB2 42 30 7 21
SEB3 39 26 17 18

The category “live coral and algae” corresponds to a portion of the substrate where live coral and algae were found simultaneously during 
surveys

Fig. 2  Algae-coral interaction examples. Photos of negative interac-
tions between (A) Montipora sp. (top), and Turbinaria ornata (bottom) 
and between (B) Porites lutea (bottom) and Padina boryana (top). 
(C) Photo of a neutral interaction between Porites lutea (bottom) and 

Padina boryana (top). Black arrows indicate areas of tissue damage 
(i.e., bleaching at the interaction border (A) and pink fluorescence 
indicating stress level (B)
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and Trochus niloticus (size = 9.25 ± 0.4 cm) (Fig. 3D) were 
tested by quantifying algae and coral growth. These selected 
species are of high commercial importance (i.e., Trochus 
niloticus - Lecchini et al. 2021) or key species for the eco-
system in terms of herbivory in Bora Bora (Diadema seto-
sum and Tripneustes gratilla - Krimou et al. 2023). Indeed, 
in 2019, sea-urchins dominated the macro-invertebrate 
community, with E. mathaei and T. gratilla mainly pres-
ent on barrier reefs (36% and 10% respectively of the total 
abundance of sea-urchins) whereas sea snails (Trochidae), 
valued for their shell and flesh, reduced in density by 4-fold 
since 2006 (Lecchini et al. 2021).

The experiment was carried out from February to April 
2023. The 4 herbivorous species were collected by snorkel-
ing on the fringing reefs of Bora Bora and relocated within 
a few hours into mono-specific enclosures made of wire-
mesh (2 cm) and metal stakes (1.20 m) on the fringing reef 
of the Marine Educative Area (MEA, Fig. 1) of Bora Bora 
where they acclimated for 48 h (Fig. 4). MEA site mainly 

positive interaction (the coral overgrows and outcompetes 
neighboring algae for spatial competition), no such positive 
interaction was observed during surveys. Only negative and 
neutral interactions could be analyzed in the light of coral 
colonies’ health percentage, the length of the algae-coral 
interaction border, and among algae-coral couples.

Experiment on the effects of herbivory on 
algae colonization and coral health

In addition to in situ observation of algal-coral interaction, 
we experimentally determined the role of herbivorous spe-
cies (sea urchins and Trochus shells) in the regulation of 
these complex algae-coral competitive interactions. Thus, 
the herbivory effects of.

Echinometra mathaei (test diameter = 3.85 ± 0.1  cm 
(mean ± SD) (Fig. 3A), Diadema setosum (4.9 ± 0.2 cm) 
(Fig.  3B), Tripneustes gratilla (8.37 ± 0.5  cm) (Fig.  3C), 

Fig. 4  Experimental set-up used to measure the effects of herbivory on algae colonization and coral health using a (A) dead coral patch with 6 coral 
fragments (B) enclosed by wire-mesh and metal stakes

 

Fig. 3  Photos of the four target herbivorous species: (A) Echinometra mathaei, (B) Diadema setosum, (C) Tripneustes gratilla and (D) Trochus 
niloticus taken in the Marine Educative Area of Bora-Bora
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selecting the outline of each algal gathering with a freehand 
polygon.

Acropora corals are considered to have rapid growth, as 
the standard vertical growth for an arborescent coral colony 
can reach two to five cm in 70 days (Bosserelle et al. 2014). 
In this study, vertical growth of Acropora colonies was 
selected as the primary metric to assess coral health. Vertical 
branch elongation is widely recognized as a critical indicator 
of coral response to environmental stressors, including light 
competition and recovery from a disturbance (Kopecky et 
al. 2021). The choice of focusing on vertical growth also 
reflects the practical and non-invasive nature of this mea-
surement, which is commonly used in field studies to assess 
coral health and monitor growth over time (Borgstein et al. 
2020). While lateral growth is an important component of 
colony expansion, this study prioritized vertical measure-
ments to align with previous research on coral recovery and 
competitive dynamics. Future studies could benefit from 
incorporating methods like 3D photogrammetry or surface 
area estimates to provide a more comprehensive view of 
coral growth (Lange and Perry 2020). Considering the dura-
tion of the experiment, Acropora corals were chosen for this 
study. Thus, every fragment of A. pulchra was measured 
(from the apex to the tip, cm) at the beginning and at the end 
of the experiment to evaluate their growth according to the 
presence or the absence of herbivorous species.

Statistical analysis

Only Porites rus and Acropora hyacenthus corals could be 
visually identified to species level. Due to the difficulties 
of visual identification, all Porites (other than P. rus) and 
Montipora corals were identified to the genus level. Other 
corals encountered were not part of analysis due to the lack 
of information. The effects of coral and algae species and 
of the type of interaction on the coral colonies’ living per-
centage and length of algae-coral interaction border were 
investigated by running generalized linear models (GLMs) 
using the lme4 package (Bates et al. 2014). Coral living per-
centage or length of interaction were set as the dependent 
variables. The type of coral and the type of algae were set 
as categorical effects, as the type of interactions. Potential 
temporal correlation and the lack of independence in liv-
ing percentage and length of interaction within each radial 
and geomorphological unit were accounted for by setting 
the site as a random effect. The model was fitted with a Pois-
son distribution for the percentage of living coral and with 
a Gaussian distribution for the length of interaction after 
a Log transformation of the data to approximate Normal 
distribution.

For the experiment on the effects of herbivory on algae 
colonization and coral health, a Cumulative Sum (CUSUM) 

consists of dead coral substrate colonized mainly by four 
macroalgae (Turbinaria ornata, Padina boryana, Halimeda 
spp., Dictyota spp.) (Krimou et al. 2023). The total percent-
age of algal cover as well as the percentage of the four main 
macroalgae found in the MEA were calculated for 20 coral 
patches based on photography analysis. This was performed 
using ImageJ by selecting the outline of each alga gathering 
with a freehand polygon. The total percentage of algal cover 
was respectively equal to (mean ± SD) 80.25 ± 2.31%, with 
32.25 ± 2.55% of Dictyota spp., 18 ± 3.27% of P. boryana, 
16 ± 3.11% of T. ornata and 12.75 ± 1.28% of Halimeda 
spp.

A total of 18 experimental enclosures of 1 m3, spaced 
at least by one meter, were deployed over cleaned (with 
no algae) dead coral patches (from 50 to 70 cm long). Six 
coral fragments (between 5 and 7  cm long) from 6 Acro-
pora pulchra colonies collected on the fringing reef of Bora 
Bora were placed on the surface of each patch with a mix of 
cement and SikaLatex® (Fig. 4). Three replicate enclosures 
were randomly assigned to one of the following conditions: 
presence of D. setosum; presence of T. niloticus; presence of 
E. mathaei and presence of T. gratilla. Two control condi-
tions were added: Control_1 (no herbivore to test if there 
was no natural mortality of algae coming from various envi-
ronmental factors) and Control_2 (no herbivore and rocks 
cleaned weekly to test that algae removal was responsible 
for coral growth). Each condition is represented by three 
replicates. The focus on coral growth, along with a cage size 
that allowed good water flow and access to the substrate, 
justified not adding a control for the effects of the enclosures 
on herbivores. This approach is supported by studies that 
have validated the caging method (Bulleri et al. 2022; Kri-
mou et al. 2023). Previous studies showed that 5 individu-
als per m2 of D. setosum are necessary to generate positive 
effects on coral cover through macroalgal control (Idjadi et 
al. 2010). To compare the herbivory efficacy of each specie 
and considering the size of our coral patches (from 50 to 
70 cm long), two individuals per herbivorous species were 
kept in each enclosure. We did not include fish herbivory in 
our study due to significant technical challenges associated 
with caging experiments, particularly the survivorship of 
fish within the enclosures.

The total percentage of algal cover on each coral patch 
and the percentage of the four main algal species (i.e., T. 
ornata, P. boryana, Halimeda spp., Dictyota spp.) were 
recorded at the beginning of the experiment (D0) and every 
week thereafter over a period of 70 days, summing 10 
weeks in total. Every week, five pictures of each coral patch 
were taken in the same place with a Black7 GoPro camera: 
4 around the patch and one above it for all the 18 enclosures. 
The temporal dynamic of the surface occupied by each mac-
roalgal was followed with picture analysis, using ImageJ by 
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visually identified to species level. Due to the difficulties of 
visual identification, all Porites (other than P. rus) and Mon-
tipora corals were identified to the genus level. Other cor-
als encountered were not part of analysis due to the lack of 
information. Turf algae consistently had a negative impact 
on Porites coral, and more particularly on Porites rus. It 
also had a negative impact on Montipora (67% of turf-Mon-
tipora interactions) and on Acropora hyacenthus (53% of 
interactions). Halimeda spp. had a negative impact on all 
corals, except for Montipora (19% of Halimeda-Montipora 
interactions). Dictyota spp., which was the main algae that 
P. rus interacted with (71% of its interactions), was mostly 
negative for all corals. Turbinaria ornata had a mostly neu-
tral impact on Montipora (70% of interactions) and negative 
impact on Porites (64%). Padina boryana was in 50% of 
cases negative for Porites corals (Fig. 5).

Coral colonies’ health percentage showed no signifi-
cant differences between coral species, algae species or 
type of outcome of interactions (Table 2). Length of algae-
coral interaction border showed no significant differences 
between coral species or algae species. However, negative 
outcomes of interactions between corals and algae were sig-
nificantly associated with longer algae-coral borders, when 

method was used to analyze the temporal dynamic of the 
growth of macroalgae in the presence of each herbivorous 
species during the 70 days of the experiment. The CUSUM 
method is a sequential analysis technique designed to 
detect gradual or abrupt changes by accumulating devia-
tions from a predefined mean, which is equal to zero in our 
study because for each treatment, the surface occupied by 
macroalgae at the beginning of the experiment is null. The 
CUSUM technique is particularly valuable for identify-
ing changes that traditional statistical methods might miss, 
enhancing the sensitivity of our analysis (Regier et al. 2019).

All statistical analyses were conducted using R-Studio (R 
version 2022.02.3) at the significance level α = 0.05.

Results

Inventory of algae-coral interactions in the lagoon 
of Bora-Bora

No positive algae-coral interaction (i.e., coral wins) was 
observed during surveys. Only neutral and negative inter-
actions (i.e., algae win) were identified (Fig. 5). Moreover, 
only Porites rus and Acropora hyacenthus corals could be 

Fig. 5  Percentage of neutral and negative (algae wins against corals) 
interactions for (A) Porites rus, (B) Montipora, (C) Porites (other than 
P. rus) and (D) Acropora hyacenthus with turf algae (TA), Halimeda 
spp. (H), Dictyota spp. (D), Turbinaria ornata (T) and Padina boryana 

(P). Numbers on barplots indicate the percentage of neutral or negative 
(algae wins) interactions. Numbers above barplots indicate the number 
of interactions observed. Only colonies with at least one non-neutral 
algal interaction were considered
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compared to borders associated with neutral interactions 
(Table 2).

Effects of the grazing activity on macroalgae 
colonization and coral health

The CUSUM values for the Control_1 enclosures (no 
herbivore to test if algal proliferation was responsible for 
preventing coral growth) show a negative trend over time, 
with a decline from D0 to D40, followed by an upward shift 
toward zero between D40 and the experiment’s conclusion 
at D70 (Fig.  6A). This pattern reflects natural macroal-
gal colonization in the absence of herbivores. By D70, the 
substrate becomes saturated with algae and therefore the 
growth gradually declines. Conversely, the CUSUM values 
for Control_2 enclosures (no herbivore and rocks cleaned 
weekly to test that algal proliferation control was assigned 
to herbivory activity) remain stable around the predefined 
mean value (zero), as macroalgal growth was actively pre-
vented (Fig. 6B). These CUSUM plots for Control_1 and 
Control_2 validate the reliability of the observations under 
the four experimental conditions involving herbivores.

The CUSUM plots for Diadema setosum (Fig. 6C), Echi-
nometra mathaei (Fig. 6D), and Trochus niloticus (Fig. 6F) 
exhibit downward and upward trends similar to Control_1, 
indicating that these herbivores can partially regulate algal 
growth early in the experiment but are insufficient to prevent 
substrate saturation by D70. In contrast, the CUSUM values 
for Tripneustes gratilla remain close to zero throughout the 
70-day experiment, indicating strong and consistent regula-
tion of macroalgal overgrowth by T. gratilla, maintaining an 
equilibrium (Fig. 6E).

These increases were only due to Padina boryana and 
Dictyota spp. macroalgae growth (Fig. 7). As an example, 
in T. gratilla and E. mathaei enclosures, Padina boryana 
represented respectively 77.33% and 61.81% of the total 
cover of macroalgae. For Control_2 condition, no macroal-
gae growth was observed (Fig. 7).

A significant growth of A. pulchra coral fragments 
between the start and end of the experiment was observed 
for control 2 condition (i.e., no herbivore and weekly 
cleaned rocks) (Wilcoxon signed-rank test between the 
start and end sizes; V = 50, p-value = 0.002), as well as in 
D. setosum enclosures (Wilcoxon signed-rank test; V = 37.5, 
p-value = 0.001) and T. gratilla enclosures (Wilcoxon 
signed-rank test; V = 52.5, p-value = 0.002) (mean growth 
in 70 days: 2.1  cm ± 0.5; 2.8  cm ± 0.6; 3  cm ± 0.9 respec-
tively). No significant growth of the coral fragments was 
observed for T. niloticus enclosures (Wilcoxon signed-rank 
test; V = 55, P = 0.058), for E. mathaei enclosures (Wilcoxon 
signed-rank test; V = 60.5, p-value = 0.058), and for control 

Table 2  Summary of the generalized linear model analysis performed 
on (A) the coral colonies’ health percentages and (B) the length of 
algae-coral interaction border. Acropora, Dictyota spp and negative 
interactions were set as the reference groups for coral species, mac-
roalgae and type of interaction, respectively
(A) Estimate SE z values P

Intercept 0,59 3,03 0,195 0,84
Coral Montipora −0.50 3,21 −0.15 0,87

Porites 0,6 3,07 0,19 0,84
Porites rus 0,76 3,09 0,24 0,81

Macroalgae Halimeda spp −1.24 0,94 −1.32 0,19
Padina boryana −0.53 1,06 −0.49 0,62
Turbinaria ornata −0.91 1,03 −0.87 0,38
Turf algae 1,19 3,12 0,38 0,70

Interaction Neutral 0,044 0,4 0,11 0,91
(B) Estimate SE t values P

Intercept 0,31 0,36 0,87 0,38
Coral Montipora 0,064 0,36 0,17 0,86

Porites 0,16 0,34 0,47 0,64
Porites rus 0,097 0,34 0,28 0,78

Macroalgae Halimeda spp 0,064 0,13 0,48 0,63
Padina boryana −0.022 0,14 −0.16 0,87
Turbinaria ornata −0.072 0,14 −0.52 0,60
Turf algae 0,12 0,34 0,35 0,72

Interaction Neutral −0.11 0,053 −2.10 0,035
Significant differences are highlighted in bold

Fig. 6  Cumulative Sum (CUSUM) Analysis of the total percentage of 
algal cover according to (A) Control_1 (no herbivore to test if algal 
proliferation was responsible for preventing coral growth), (B) Con-
trol_2 (no herbivore and rocks cleaned weekly to test that algal prolif-
eration control was assigned to herbivory activity) and the presence in 
enclosures of C) Diadema setosum, D) Echinometra mathaei E) Tri-
pneustes gratilla, F) Trochus niloticus from D0 to D70. The dotted red 
line represents the predefined mean value equal to zero

 

1 3

   62   Page 8 of 13



Marine Biology          (2025) 172:62 

algae (CCA) have been reported in the literature to have a 
positive interaction with corals (Barott et al. 2012). Indeed, 
CCA, which were not included in the survey reported here, 
are known to contribute to reef construction (Littler and 
Littler 1984), as well as to provide substrate for coral lar-
vae settlement (Price 2010). However, it is important to 
recognize that other forms of algae, while less frequently 
reported, may also engage in neutral or positive interac-
tions with corals under specific environmental conditions. 
McCook et al. (2001) described scenarios where turf algae 
and small macroalgae patches coexist with corals, espe-
cially in nutrient-poor environments, without significant 
negative impacts. They also highlighted indirect facilita-
tive mechanisms, where algae create habitat for herbivores 
that help maintain coral health by controlling harmful algal 
overgrowth. Some species of macroalgae may also provide 
settlement substrates for coral larvae in specific conditions, 
while others might offer ecological benefits such as habitat 
structure or reduction of sedimentation, indirectly promot-
ing coral resilience (Inagaki and Longo 2024). In our study, 
only neutral and negative interactions (i.e., algae win) were 
identified in Bora Bora. The outcome of algae-coral interac-
tions had no effect on coral colony health, while the length 
of algae-coral interactions border was significantly longer 
in negative outcomes. Our observations also suggest dif-
ferences among algae-coral couples (Fig. 5). For example, 

1 condition (i.e., no herbivore) (Wilcoxon signed-rank test; 
V = 49, p-value = 0.1) (mean growth in 70 days: 1.4 cm ± 0.3; 
1.3 cm ± 0.3; 1.6 cm ± 0.9 respectively).

Discussion

Bora Bora, like many coral reef systems, faces several 
challenges that impact its coral assemblages and recovery, 
as well as the herbivorous populations that are crucial for 
maintaining reef health. Multiple monitoring programs 
showed that the corals in Bora Bora are in good health 
(Lecchini et al. 2021). However, some hypoxic and high-
temperature events in 1984, 2001 and 2020 resulted in high 
mortality of fish and macro-invertebrates as well as a strong 
coral bleaching (all species except Porites) on the southern 
part of Bora Bora (Salvat et al. 2002; Lecchini et al. 2020). 
Although coral reefs of Bora Bora are currently in good 
health, their fragile balance requires a deeper understanding 
of their functioning, particularly in terms of the algae-coral 
equilibrium. If this balance is disrupted, it could lead to a 
phase shift, resulting in significant changes in biodiversity.

Although eighteen transects and numerous coral and 
algae species were investigated, no positive algae-coral 
interaction (i.e., coral wins) was reported in Bora Bora reef. 
Among all marine benthic algae, mostly crustose coralline 

Fig. 7  Average percentage of Padina boryana and Dictyota spp. cover 
in the different enclosures at D70 of the experiment. In Control_2 
condition (no herbivore and rocks cleaned weekly to test that algae 

removal was responsible for coral growth), no macroalgae growth was 
observed hence why there is no value for this condition
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showed that high densities of sea urchins can remove algae, 
thereby reducing coral mortality due to algal overgrowth 
and allowing corals to increase in abundance in Anacapa 
Island, California. Overall, our results are in accordance 
with these several previous herbivory studies. However, 
not all herbivorous species may favor coral growth through 
their regulation of algal development. At the density of 2 
individuals per m2, the grazing rate of E. mathaei and T. 
niloticus did not prevent algae from colonizing coral patches 
(respectively up to 55% and 65% at D70) and no significant 
growth of coral fragments was observed. However, Villan-
ueva et al. (2013) showed that T. niloticus, at the density 
of four individuals per m2, limited the turf algal cover and 
therefore could enhance survivorship of coral spat in caged 
culture. Thus, at sufficiently high densities and against the 
correct target (turf algae), this mollusk could be used to 
control turf algae proliferation, in addition to another grazer 
species consuming macroalgae. Although our study focuses 
on the effect of sea urchins and mollusks grazing activity 
on coral health, it is essential to mention that herbivorous 
fish often complement other grazers, such as sea urchins, by 
targeting different types of algae and offering a more con-
tinuous regulation of algal growth promoting coral health 
(Francis et al. 2019). For example, in Palmyra Atoll, coral 
growth was higher when algae were removed in the pres-
ence of fish-mediated herbivory, namely species of Scaridae 
and Acanthuridae such as Acanthurus coeruleus, Sparisoma 
aurofrenatum and Scarus croicensis, reinforcing the role 
of fish herbivory in reef health across the Pacific (López-
Jiménez et al. 2020). These global dynamics of algae-coral-
herbivorous fish interactions highlight the critical role of 
herbivorous fish in sustaining coral resilience and prevent-
ing phase shifts towards algal dominance.

To conclude, the extent of the borders between corals and 
algae seem to influence the outcome of algae-coral inter-
actions outcome. Moreover, algae-coral-herbivore interac-
tions are acting at the species level. For example, T. gratilla 
grazers were efficient in terms of limiting macroalgae colo-
nization which aligns with the study of Lewis and Smith 
(2019). Our study highlighted that T. gratilla herbivory was 
especially efficient on P. boryana, and thus allowing A. pul-
chra coral fragments growth. However, human activities 
exacerbate negative effects of certain macroalgae on coral 
reefs, leading to changes in coral reef community compo-
sition, from coral to algal dominance (e.g., Mumby 2006; 
Hughes et al. 2007; Mumby and Steneck 2008). Thus, in 
the context of global changes, such observations in Bora 
Bora show the importance of considering the species level 
for algae-coral-herbivore interaction studies, and thus high-
light the importance of preserving herbivore biodiversity, as 
macroalgal dominance can reduce coral growth rates and 
increase coral mortality, which can change the composition 

turf algae, Halimeda spp. and Dictyota spp. had a nega-
tive impact on all studied coral genera (Porites, Montipora 
and Acropora). In contrast, Turbinaria ornata had variable 
impacts on corals, and had a mostly neutral impact on Mon-
tipora corals. Lastly, Padina boryana was in 50% of cases 
negative for Porites corals. (Fig. 5).

Our results align with the literature (e.g., Littler and Lit-
tler 1984; Barott et al. 2012). Macroalgae and turf algae, 
although they both contribute significantly to primary pro-
duction, are known to be the most abundant competitors that 
corals face (Haas et al. 2010). Halimeda-Porites interactions 
resulted in frequent discoloration and tissue loss on coral 
colonies in Bora Bora. Indeed, long-term algal physical con-
tact stops light required for polyp photosynthesis and alters 
coral health (Thinesh et al. 2019). Similarly, Titlyanov et al. 
(2007) showed a reduced growth of Porites corals in contact 
with Dictyota spp. algae through allelochemical mechanism 
and abrasion. Kaullysing et al. (2016) showed that Padina 
boryana overgrowth on corals could be responsible for a 
decreased resistance to stress for coral colonies, resulting in 
higher vulnerability to Drupella cornus corallivores preda-
tion in Mauritius. However, studies have reported methods 
for corals to cope with algae competitive interactions, for 
instance through an “escape in height” strategy for branch-
ing corals (Meesters et al. 1996) or mucus secretion (Lang 
and Chornesky 1990). Nevertheless, the increasing abun-
dance of algal turfs and macroalgae on coral reefs (San-
din et al. 2008) threatens the balance between growth and 
investment in defenses of coral colonies. Overall, our study 
only describes a snapshot of algae-coral interactions based 
on visual surveys. Monitoring the long-term fate of indi-
vidual colonies would shed more light on interaction out-
comes. Future studies should also include detailed surveys 
of CCA, possibly involving laboratory identification tech-
niques to investigate their interactions with coral species in 
Bora Bora.

In addition, our study showed a significant effect of graz-
ing of T. gratilla by limiting the colonization of algae to 
7.5% of the total cover of coral patches after 70 days, as 
compared to a colonization of over 90% in the absence 
of herbivores over the same period (Figure S1) and the 
CUSUM plot showed that T. gratilla could control algae 
overgrowth and make it stable through time (Fig. 6E). Sig-
nificant branching coral growth was observed in T. gratilla 
enclosures, which is comparable to the growth reported by 
Bosserelle et al. (2014) (2 to 5  cm in 70 days). Diadema 
setosum also limited algae colonization and promoted coral 
growth, but to a lesser extent than T. gratilla. Other stud-
ies have also highlighted that adult D. setosum play a key 
role in controlling macroalgal development and therefore in 
sustaining high coral cover in the Caribbean, Taiwan, and 
Easter Island (De Ruyter et al. 1986). Coyer et al. (1993) 
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of communities and lower biodiversity (Clements and Hay 
2019). Many herbivorous species could be used as new 
Nature-based Solutions for limiting algae proliferation on 
isolated Pacific Islands (Duvat and Magnan 2019). Our 
research on algae-coral competition offers crucial insights 
into how localized algal dominance could drive broader 
ecological changes on reefs. The persistence of competitive 
algal overgrowth on corals observed in our study suggests 
that, under certain conditions, these interactions could lead 
to a reduction in coral cover across reef systems. Such a 
shift could have cascading effects on reef biodiversity and 
ecosystem services, suggesting that preserving herbivo-
rous populations may restore coral resilience and improve 
ecosystem function (Donovan Mary et al. 2023; Cook et 
al. 2024). This may lead managers and scientists to pursue 
coral reef monitoring in terms of the balance between algae 
and corals, and to establish appropriate conservation mea-
sures for key herbivorous species on this iconic island.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​2​7​-​0​
2​5​-​0​4​6​2​8​-​1.

Acknowledgements  We would like to thank the staff of ‘Polynésienne 
des Eaux’, ‘Ia Vai Ma Noa Bora-Bora, the ‘Commune de Bora Bora’ 
and the private societies Espace Bleu & Sea Narea for their help. We 
also thank the reviewers.

Author contributions  CC, LS, LM, EM, HG, AM: Investigation, 
Methodology, Writing – original draft, Writing – review and editing. 
FB, BF, TM, VS, MZ, DL: Conceptualization, Methodology, Soft-
ware, Validation, Formal analysis, Data curation, Writing – original 
draft, Writing – review and editing, Visualization, Supervision, Project 
administration. EG, L, SK, NR: Writing – review and editing.

Funding  This work has received several grants: Fondation de France 
(2019–08602), Polynésienne des Eaux, Bloody Mary’s project, ANR-
19-CE34-0006-Manini, ANR-19-CE14-0010-SENSO, ANR-23-SS-
RP-0020-01, and ANRT grant (CIFRE 2021/1268).

Data availability  Data can be provided on reasonable request.

Declarations

Conflict of interest  The authors declare no conflicts of interest.

Ethics approval  All applicable guidelines for the care and use of ani-
mals were followed.

References

Barott K, Smith J, Dinsdale E, Hatay M, Sandin S, Rohwer FL (2009) 
Hyperspectral and physiological analyses of Coral-Algal interac-
tions. PLoS ONE 4:e8043. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​
0​0​0​8​0​4​3

Barott KL, Williams GJ, Vermeij MJ, Harris JL, Smith J, Rohwer FL, 
Sandin SA (2012) Natural history of Coral – algae competition 

1 3

Page 11 of 13     62 

https://doi.org/10.3354/meps09874
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.3389/fmars.2020.00483
https://doi.org/10.5343/bms.2011.1104
https://doi.org/10.5343/bms.2011.1104
https://doi.org/10.3354/meps14137
https://doi.org/10.3354/meps14137
https://doi.org/10.1007/s00338-016-1412-5
https://doi.org/10.1007/s00338-016-1412-5
https://doi.org/10.1038/s41559-018-0752-7
https://escholarship.org/uc/item/5zc7s9vj
https://escholarship.org/uc/item/5zc7s9vj
https://doi.org/10.1002/ecs2.4749
https://doi.org/10.1002/ecs2.4749
https://doi.org/10.1038/387253a0
https://doi.org/10.1038/387253a0
https://doi.org/10.1098/rspb.2023.2101
https://doi.org/10.17875/gup2019-1211
https://doi.org/10.17875/gup2019-1211
https://doi.org/10.7717/peerj.6380
https://doi.org/10.1007/978-94-007-0114-4
https://doi.org/10.1007/978-94-007-0114-4
https://doi.org/10.1007/s00227-025-04628-1
https://doi.org/10.1007/s00227-025-04628-1
https://doi.org/10.1371/journal.pone.0008043
https://doi.org/10.1371/journal.pone.0008043


Marine Biology          (2025) 172:62 

Lessios HA, Mass Mortality of Diadema Antillarum in the Carib-
ben (1988) What Have We Learned? Annual Rev Ecol Syst 
19(1):371–393

Lewis LS, Smith JE (2019) Functional diversity among herbivorous 
sea urchins on a coral reef: grazing rate, dietary preference, and 
metabolism. Mar Ecol Prog Ser 625:71–87. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​
5​4​​/​m​e​​p​s​1​3​0​3​8

Ling S, Barrett N, Edgar G (2018) Facilitation of Australia’s southern-
most reef-building coral by sea urchin herbivory. Coral Reefs 37. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​8​-​0​1​8​-​1​7​2​8​-​4

Littler MM, Littler DS (1984) Models of tropical reef biogenesis. The 
Contribution of Algae

López-Jiménez IT, Flórez-Leiva L, Quan-Young LI (2020) Influenca 
de La herbivoría sobre La Interacción algal-coral En Un arrecife 
Coralino de Bahía Capurganá, caribe Colombiano. Revista De 
Biología Trop 68(3):729–742

McCook L, Jompa J, Diaz-Pulido G (2001) Competition between cor-
als and algae on coral reefs: A review of evidence and mecha-
nisms. Coral Reefs 19:400–417. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​8​
0​0​0​0​1​2​9

Meesters HW, Wesseling I, Bak RP (1996) Partial mortality in three 
species of reef-building corals and the relation with colony mor-
phology. Bull Mar Sci 58:230–244

Miller M (1998) Coral/seaweed competition and the control of reef 
community structure within and between latitudes. Oceanogr Mar 
Biol Annu Rev 36:65–96

Mumby PJ (2006) The impact of exploiting grazers (Scaridae) on the 
dynamics of Caribbean coral reefs. ecological applications: A 
publication of the ecological. Soc Am 16:747–769. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​8​9​0​​/​1​0​​5​1​0​7​6​1​(​2​0​0​6​)​0​1​6​[​0​7​4​7​:​t​i​o​e​g​s​]​2​.​0​.​c​o​;​2

Mumby PJ, Steneck RS (2008) Coral reef management and conser-
vation in light of rapidly evolving ecological paradigms. Trends 
Ecol Evol 23:555–563. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​t​r​e​e​.​2​0​0​8​.​0​6​.​0​1​1

Nugues M, Bak RPM (2006) Differential competitive abilities between 
Caribbean coral species and a brown Alga: A year of experiments 
and a Long-Term perspective. Mar Ecol Prog Ser 315:75–86

Olsen K, Sneed JM, Paul VJ (2016) Differential larval settlement 
responses of porites Astreoides and acropora Palmata in the pres-
ence of the green Alga Halimeda opuntia. Coral Reefs 35:521–
525. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​8​-​0​1​5​-​1​3​9​4​-​8

Piazza G, Valsecchi C, Sottocornola G (2021) Deep learning applied to 
SEM images for supporting marine coralline algae classification. 
Diversity 13(12):640. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​d​1​​3​1​2​0​6​4​0

Price N (2010) Habitat selection, facilitation, and biotic settlement 
cues affect distribution and performance of coral recruits in 
French Polynesia. Oecologia 163:747–758. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
0​7​​/​s​0​​0​4​4​2​-​0​1​0​-​1​5​7​8​-​4

Ramseyer TN, Tronholm A, Turner T, Brandt ME, Smith TB (2021) 
Elevated nutrients and herbivory negatively affect dictyota 
growth dynamics. Mar Ecol Prog Ser 671:81–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​3​​3​5​4​​/​m​e​​p​s​1​3​7​8​8

Rasher DB, Stout EP, Engel S, Kubanek J, Hay ME (2011) Macroalgal 
terpenes function as allelopathic agents against reef corals. Proc 
Natl Acad Sci USA 108:17726–17731. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​7​3​​/​p​
n​​a​s​.​1​1​0​8​6​2​8​1​0​8

Regier P, Briceño H, Boyer JN (2019) Analyzing and comparing 
complex environmental time series using a cumulative sums 
approach. MethodsX 6:779–787. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​m​e​x​.​
2​0​1​9​.​0​3​.​0​1​4

Salvat B, Chancerelle Y, Schrimm M, Morancy R, Porcher M, Auba-
nel A (2002) Restauration D’une zone Corallienne dégradée et 
implantation D’un Jardin Corallien à Bora-Bora, polynésie Fran-
çaise. Revue d’écologie, Sup, pp 81–96. 9

Polynesia. Sci Total Environ 820:153094. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​j​.​​s​c​i​​t​o​t​​e​n​v​.​​2​0​​2​2​.​1​5​3​0​9​4

Haas A, el-Zibdah M, Wild C (2010) Seasonal monitoring of Coral–
Algae interactions in fringing reefs of the Gulf of Aqaba, North-
ern red sea. Coral Reefs 29:93–103. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​
3​8​-​0​0​9​-​0​5​5​6​-​y

Hughes TP, Rodrigues MJ, Bellwood DR, Ceccarelli D, Hoegh-Guld-
berg O, McCook L, Moltschaniwskyj N, Pratchett MS, Steneck 
RS, Willis B (2007) Phase shifts, herbivory, and the resilience of 
coral reefs to climate change. Curr Biol 17:360–365. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​u​b​.​2​0​0​6​.​1​2​.​0​4​9

Hughes TP, Barnes ML, Bellwood DR, Cinner JE, Cumming GS, Jack-
son JBC, Kleypas J, van de Leemput IA, Lough JM, Morrison 
TH, Palumbi SR, van Nes EH, Scheffer M (2017) Coral reefs in 
the anthropocene. Nature 546:82–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​n​a​​t​
u​r​e​2​2​9​0​1

Idjadi JA, Haring RN, Precht WF (2010) Recovery of the sea urchin 
diadema antillarum promotes scleractinian coral growth and sur-
vivorship on shallow Jamaican reefs. Mar Ecol Prog Ser 403:91–
100. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​5​4​​/​m​e​​p​s​0​8​4​6​3

Inagaki KY, Longo GO (2024) Revisiting 20 years of coral–algal 
interactions: global patterns and knowledge gaps. Coral Reefs 
43:899–917. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​8​-​0​2​4​-​0​2​5​1​3​-​9

Jackson J, Donovan M, Cramer K, Lam V (2014) Status and Trends 
of Caribbean Coral Reefs: 1970-2012. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​1​4​​0​/​
2​​.​1​.​4​8​6​8​.​6​7​2​6

Jorissen H, Baumgartner C, Steneck RS, Nugues M (2020) Contrast-
ing effects of crustose coralline algae from exposed and subcryp-
tic habitats on coral recruits. Coral Reefs 39:1767–1778. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​8​-​0​2​0​-​0​2​0​0​2​-​9

Kaullysing D, Gopeechund A, Mattan-Moorgawa S, Taleb-Hos-
senkhan N, Kulkarni B, Bhagooli R (2016) Increased density of 
the corallivore drupella cornus. on Acropora Muricata Colonies 
Overgrown by Padina Boryana

Kopecky KL, Cook DT, Schmitt RJ, Stier AC (2021) Effects of coralli-
vory and coral colony density on coral growth and survival. Coral 
Reefs 40:283–288. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​8​-​0​2​1​-​0​2​0​7​6​-​z

Krimou S, Gairin E, Gautrand L, Sowinski J, Trotier M, Minier L, 
Bischoff H, Sturny V, Maueau T, Waqalevu V, Bulleri F, Raick 
X, Bertucci F, Lecchini D (2023) Herbivory effects of sea urchin 
species on a coral reef (Bora-Bora, French Polynesia). J Exp Mar 
Biol Ecol 564:151900. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​e​m​b​e​.​2​0​2​3​.​1​5​1​
9​0​0

Lang JC, Chornesky EA (1990) Competition between scleractinian 
reef corals – a review of mechanisms and effects. Ecosyst World 
25:209–252

Lange ID, Perry CT (2020) A quick, easy and non-invasive method to 
quantify coral growth rates using photogrammetry and 3D model 
comparisons. Methods Ecol Evol 11(6):714–726. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​1​1​1​​/​2​0​​4​1​-​2​1​0​X​.​1​3​3​8​8

Lapointe BE (1999) Simultaneous Top-down and Bottom-up forces 
control macroalgal blooms on coral reefs (Reply to the comment 
by Hugues. Limnol Oceanogr. 6​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​4​3​1​9​/​l​o​.​1​9​9​9​.​
4​4​.​6​.​1​5​8​6

Lecchini D, Bertucci F, Brooker RM, Berthe C, Gasc J, Jossinet F, 
Ellacott S, Zipper E, Blay G, Schneider D, Sturny V, Bambridge 
T (2020) Rapid localized decline of a French Polynesian coral 
reef following a Climatic irregularity. Estuar Coast Mar Sci 
246:107049. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​c​s​s​.​2​0​2​0​.​1​0​7​0​4​9

Lecchini D, Bertucci F, Schneider D, Berthe C, Gache C, Fogg LG, 
Waqalevu VP, Maueau T, Sturny V, Bambridge T, Sang GT 
(2021) Assessment of ecological status of the lagoon of Bora-
Bora Island (French Polynesia). 43:101687. Regional Studies in 
Marine Science​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​r​s​m​a​.​2​0​2​1​.​1​0​1​6​8​7

1 3

   62   Page 12 of 13

https://doi.org/10.3354/meps13038
https://doi.org/10.3354/meps13038
https://doi.org/10.1007/s00338-018-1728-4
https://doi.org/10.1007/s00338-018-1728-4
https://doi.org/10.1007/s003380000129
https://doi.org/10.1007/s003380000129
https://doi.org/10.1890/10510761(2006)016[0747:tioegs]2.0.co;2
https://doi.org/10.1890/10510761(2006)016[0747:tioegs]2.0.co;2
https://doi.org/10.1016/j.tree.2008.06.011
https://doi.org/10.1007/s00338-015-1394-8
https://doi.org/10.3390/d13120640
https://doi.org/10.1007/s00442-010-1578-4
https://doi.org/10.1007/s00442-010-1578-4
https://doi.org/10.3354/meps13788
https://doi.org/10.3354/meps13788
https://doi.org/10.1073/pnas.1108628108
https://doi.org/10.1073/pnas.1108628108
https://doi.org/10.1016/j.mex.2019.03.014
https://doi.org/10.1016/j.mex.2019.03.014
https://doi.org/10.1016/j.scitotenv.2022.153094
https://doi.org/10.1016/j.scitotenv.2022.153094
https://doi.org/10.1007/s00338-009-0556-y
https://doi.org/10.1007/s00338-009-0556-y
https://doi.org/10.1016/j.cub.2006.12.049
https://doi.org/10.1016/j.cub.2006.12.049
https://doi.org/10.1038/nature22901
https://doi.org/10.1038/nature22901
https://doi.org/10.3354/meps08463
https://doi.org/10.1007/s00338-024-02513-9
https://doi.org/10.13140/2.1.4868.6726
https://doi.org/10.13140/2.1.4868.6726
https://doi.org/10.1007/s00338-020-02002-9
https://doi.org/10.1007/s00338-020-02002-9
https://doi.org/10.1007/s00338-021-02076-z
https://doi.org/10.1016/j.jembe.2023.151900
https://doi.org/10.1016/j.jembe.2023.151900
https://doi.org/10.1111/2041-210X.13388
https://doi.org/10.1111/2041-210X.13388
https://doi.org/10.4319/lo.1999.44.6.1586
https://doi.org/10.4319/lo.1999.44.6.1586
https://doi.org/10.1016/j.ecss.2020.107049
https://doi.org/10.1016/j.rsma.2021.101687


Marine Biology          (2025) 172:62 

Titlyanov E, Yakovleva I, Titlyanova T (2007) Interaction between 
benthic algae (Lyngbya bouillonii, dictyota dichotoma) and scler-
actinian coral porites lutea in direct contact. J Exp Mar Biol Ecol 
342:282–291. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​e​m​b​e​.​2​0​0​6​.​1​1​.​0​0​7

Twist BA, Cornwall CE, McCoy SJ, Gabrielson PW, Martone PT, Nel-
son WA (2020) The need to employ reliable and reproducible spe-
cies identifications in coralline algal research. Mar Ecol Prog Ser 
654:225–231. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​3​3​​​5​4​/​​m​e​p​s​1​3​5​0​6

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Sandin SA, Smith JE, DeMartini EE, Dinsdale EA, Donner SD, Fried-
lander AM, Konotchick T et al (2008) Baselines and degradation 
of coral reefs in the Northern line Island. PLoS ONE 3:e1548. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​0​0​1​5​4​8

Souter D, Planes S, Wicquart J, Logan M, Obura D, Staub F, Global 
Reef Monitoring Network (GCRMN) and International Coral 
Reef Initiative (ICRI) (2021) Status of coral reefs of the world: 
2020 report. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​9​3​8​​7​/​W​​O​T​J​9​1​8​4

Swierts T, Vermeij MJA (2016) Competitive interactions between cor-
als and turf algae depend on coral colony form. PeerJ 4:e1984. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​7​​7​1​7​​/​p​e​​e​r​j​.​1​9​8​4

Tebbett SB, Bellwood DR (2019) Algal turf sediments on coral reefs: 
what’s known and what’s next. Mar Pollut Bull. 149, 110542, 
ISSN 0025-326X ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​m​a​r​​p​o​l​​b​u​l​.​​2​0​​1​9​.​1​1​0​5​
4​2

Thinesh T, Jose PA, Ramasamy P, Meenatchi R, Selvan KM, Selvin J 
(2019) Differential coral response to algae contact: porites tissue 
loss, praise for Halimeda interaction at Southeast Coast of India. 
Environ Sci Pollut Res 26:17845–17852. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​
/​s​1​​1​3​5​6​-​0​1​9​-​0​5​0​2​4​-​1

1 3

Page 13 of 13     62 

https://doi.org/10.1016/j.jembe.2006.11.007
https://doi.org/10.3354/meps13506
https://doi.org/10.1371/journal.pone.0001548
https://doi.org/10.1371/journal.pone.0001548
https://doi.org/10.59387/WOTJ9184
https://doi.org/10.7717/peerj.1984
https://doi.org/10.7717/peerj.1984
https://doi.org/10.1016/j.marpolbul.2019.110542
https://doi.org/10.1016/j.marpolbul.2019.110542
https://doi.org/10.1007/s11356-019-05024-1
https://doi.org/10.1007/s11356-019-05024-1

	﻿Highlighting competitive interactions between algae, corals, and herbivores in Bora Bora (French Polynesia)
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Area of investigation

	﻿In situ surveys
	﻿Experiment on the effects of herbivory on algae colonization and coral health
	﻿Statistical analysis

	﻿Results
	﻿Inventory of algae-coral interactions in the lagoon of Bora-Bora

	﻿Effects of the grazing activity on macroalgae colonization and coral health
	﻿Discussion
	﻿References


