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ABSTRACT

The ecology of the marine environments of the Murciélago Islands and the Santa Elena
Peninsula have been studied little despite their high biodiversity. This area is influenced by
a coastal upwelling. In 2014, 2016 and 2018, the region was visited to assess the composi-
tion and diversity of its reef environments. Bottom coverage, macroinvertebrate diversity
and abundance, and reef fish biomass were quantified. The substrate was dominated by
turf and crustose calcareous algae. Live coral coverage has decreased compared to previous
reports for the area. Sea urchins were the macroinvertebrates with the highest densities,
while species of commercial interest presented low densities, this may suggest some degree
of fishing pressure. 84 reef fish species were identified, making the islands area with the
greatest diversity of reef fish in the North Pacific of Costa Rica. Coral biotopes in this region
are key to the conservation of connectivity between reef areas due to their high diversity.

Keyworps: Coastal ecosystems, continental island, coral reefs, rocky reefs, seaweed.

AMBIENTES ARRECIFALES DE LAS ISLAS MURCIELAGO Y LA PENINSULA DE
SANTA ELENA, AREA DE CONSERVACION GUANACASTE, PACIFICO DE COSTA RICA

RESUMEN

Las Islas Murciélago y la peninsula de Santa Elena han sido ambientes marinos poco
estudiados a pesar de la alta biodiversidad de sus ecosistemas. Esta zona estd influenciada
por un afloramiento costero. En el 2014, 2016 y 2018 se visit6 la region para evaluar la
composicién y diversidad de sus ambientes arrecifales. Se cuantificé la cobertura del fon-
do, la diversidad y abundancia de macroinvertebrados y la biomasa de peces arrecifales. El
sustrato estuvo dominado por tapetes algales (turf) y algas calcdreas costrosas. La cobertura
de coral vivo se ha reducido con lo previamente reportado para la zona. Los erizos de mar
tuvieron las densidades mds altas entre los macroinvertebrados, mientras que especies de
interés comercial presentaron bajas densidades, lo que sugiere cierta presién pesquera. Se
observaron 84 especies de peces arrecifales, lo que hace de esta drea una de las mayores
diversidades del Pacifico norte de Costa Rica, esto puede atribuirse a la presencia de 4reas
marinas protegidas. Los biotopos coralinos de esta regién son claves para la conservacién
de la conectividad entre zonas arrecifales, debido a su alta diversidad.

PALABRAS CLAVE: ecosistemas costeros, islas continentales, arrecifes de coral, arrecifes
rocosos, algas.
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INTRODUCTION

The Murciélago Islands, Guanacaste Conservation Area (ACG, by its
Spanish acronym), are located in North Pacific of Costa Rica. The oldest scientific
references to the Murciélago Islands are from the Templeton Crocker expedition of
the California Academy of Science (Crocker 1933) and the Zaca expedition of the
New York Zoological Society to the Eastern Pacific (Beebe 1938), which visited the
islands and collected specimens and contributed to the knowledge of Costa Rican
marine diversity. Since the mid-1990s, Costa Rican expeditions have frequented the
islands to record the region’s marine biodiversity, reporting 594 species with a focus
on mollusks, crustaceans, and fishes (Cortés 2014, 2017). In 2015, the BioMar-ACG
project was launched and recorded upwards of 1097 species, including 50 potentially
new species, thus increasing the known biodiversity of the ACG to 1453 species
(Cortés and Joyce 2020).

The coral reefs of the Murciélago Islands were first described 20 years ago
(Cortés 1996-1997). Later, the impact of the 1997-1998 El Nifio Event on these
reefs was recorded (Jiménez et al. 2001), the coral species and reefs descriptions
were reviewed (Cortés and Jiménez 2003), and aquarium related extraction of the
populations of the Cortez rainbow wrasse (7halassoma lucasanum) was studied with
a proposal for sustainable management (McCauley ez a/. 2008). More recently, a
detailed description of coral ecosystems was provided for the Murciélago Islands and
three bays on the Santa Elena Peninsula (Playa Blanca, Santa Elena, and Cuajiniquil)
between 2004 and 2008, with records of 21 coral ecosystems (nine coral reefs), 21
scleractinian coral species, with a mean live coral cover of 47.4 + 29.4% in the coral
reefs and 30.2 + 21.0% in the coral communities, accounting for a total of 24480
m? (Bassey-Fallas 2010).

These islands have been considered one of the most important reef areas
in Costa Rica (Cortés 1996-1997; Cortés and Jiménez, 2003; Cortés et /. 2010).
During the last decade they have been degraded by natural and anthropogenic
impacts that threaten its biodiversity and ecological stability (Alvarado et al. 2018).
Our study quantifies the composition and diversity of reef bottom substrates,
macroinvertebrates, and fishes. These results are compared with historical data from
the region with the aim of identifying possible drivers of these changes over time.
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Figure 1. Map showing sites of sampling localities, methods and years,
in the Costa Rican North Pacific.

MATERIALS AND METHODS
STUDY AREA

The Murciélago Islands (MI) and Santa Elena Peninsula (SE) are located
on the western side of the ACG on the Costa Rican North Pacific coast (figure 1).
The marine environments are included within the 430 km? of the ACG’s Marine
Sector. The islands (five main islands and at least ten islets) are 5 km off the coast
of the peninsula, are of volcanic origin as evidenced by the presence of columnar,
pad and massive basalts, with an estimated age of 109 million years (Cretaceous)
(Hauff ez al. 2000; Denyer ez al. 2005; Denyer 2019). The peninsula is made up
of a sequence of alkaline basalts, radiolarite, and polymictic gaps from around the
Jurassic-Cretaceous (Denyer e /. 2005; Denyer and Gazel 2009; Denyer 2019).

The North Pacific of Costa Rica is subjected to a strong seasonality, with
a dry season from December to April, a first rainy season from May to June and a
second from August to October. During the dry season, the influence of northeastern
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trade winds increases, causing a tropical seasonal upwelling, and exposing shallow
coastal habitats to cold, nutrient-rich waters (Alfaro and Cortés 2012; Cortés et al.
2014; Lizano and Alfaro 2014). A variety of forests, meadows, shrubs, cacti, and
succulents dominate terrestrial foliage on MI, while SE is covered by a tropical dry
forest that extends from the mountains to the coastline (Janzen 1988).

SAMPLING

The sampling of reef ecosystems was carried out in 2014 (June 18-20; 26
transects), 2016 (July 27-28; 14 transects), and 2018 (April 21-May 1; 38 transects).
Sampling was always carried out between the upwelling and rainy seasons for
improved navigation and visibility underwater. Surveys of the MI were conducted
at nine sites in 2014, five in 2016 and six in 2018. Seven sites were surveyed at SE
in 2018. (figure 1). Due to sea conditions not all sites could be re-surveyed.

We estimated diversity and abundance of reef bottom substrates (diversity
and cover), conspicuous macroinvertebrates (> 2.5 cm), and fishes inhabiting the
reef (diversity and density), following methods described by Alvarado ez al. (2015,
2018). To quantify diversity and abundance of these three reef components, we used
three 10 m transects along the reef, parallel to the coast, and between 6 m and 15 m
depth. The transects were separated by 10 m.

At each transect, a 1 m? quadrat subdivided in 100 quadrats of 0.01 m?* each
was placed successively 10 times along the transect to quantify the area occupied
by each substrate taxa to the lowest identifiable taxonomic level. The reef bottom
categories were: live coral, dead coral, bleached coral, macroalgae (more than
6 cm), turf (less than 6 cm), crustose calcareous algae (CCA), other crustose algae,
sponges and “others” (such as sea squirts, sea anemones, bryozoans, polychaetes
and barnacles).

Belt transects of 10 m length x 2 m width, centered in the same transects
used for the reef bottom quadrats, were used to quantify the population densities of
conspicuous macroinvertebrates (> 2.5 ¢cm), including benthic shelled gastropods,
nudibranchs, octopuses, bivalves, holothuroids, asteroids, echinoids and some
decapods (spiny lobsters and large conspicuous crabs).

Tunnel transects of 10 m length x 5 m width x 5 m height, centered in the
same transects used for reef bottom and macroinvertebrates, were used to quantify
densities of reef fishes, identify, count and estimate the sizes of fishes encountered
within the tunnel transect. The fish census was carried out prior to any other
monitoring of the bottom or counting of invertebrates, in order not to modify the
behavior of the reef fish and to have a better appreciation of the diversity of these
organisms. The diver who carried out the fish census dives at a constant speed
ahead of the rest of the work team, with adequate buoyancy management, without
making sudden movements that could disturb the ichthyofauna. The sizes of fish
were classified by categories (<5 ¢cm, 5-10, 10-15, 15-20, 20-25, 25-50, 50-100, 100-
150, 150-200, 200-250, 250-300 cm). A trophic group classification was assigned
to the reef fishes according to Quimbayo ez a/. (2017).



STATISTICAL ANALYSES

We used non-metric multidimensional scaling (nMDS) to determine
similarities between sampled localities considering reef bottom cover,
macroinvertebrate density, and fish biomass, using the Bray-Curtis index (Clarke
and Gorley 2006). Data were standardized and square root-transformed for reef
bottom, and fourth root-transformed for macroinvertebrates and fishes. Localities
were grouped by sites around MI and SE: North Peninsula, West Peninsula,
South Peninsula and Murciélago Islands (figure 1). We used one-way Analysis of
Similarities (ANOSIM) to determine differences among localities considering as
factors: site (North Peninsula, West Peninsula, South Peninsula and Murciélago
Islands) and sampling year (2014, 2016 and 2018). A test of Similarity Percentages
(SIMPER) was used to determine the trophic groups of fish contributed the most
to similarities between sampling years. All the statistical analyses were performed

using PRIMER® 7.

RESULTS
REEF BOTTOM COVER

Overall, the dominate substrate by localities and years was turf algae,
with an average cover (+ standard error) of 38.5 + 5.3% (with a maximum in San
Pedrito during 2014 with 82.0%), followed by CCA (12.9 + 3.7%), live coral (2.6
+ 0.8%) and macroalgae (1.3 + 0.4%) (figure 2). The other substrate categories such
as sponges, crustose algae, barnacles, and sea squirts, comprised less than 1% of the
reef floor coverage.

In this region we found some isolated coral communities built mainly by
the coral Pavona gigantea, which is not commonly observed in other regions of the
country. Also, in places like Colorada Island, we found Sargassum forests, where algae
can reach 20 to 30 cm high. These forests are unique in the Costa Rican Pacific coast.

The results of the ANOSIM supported five groups of localities from the reef
bottom cover data (figure 2). Group I only included Bajo Negro, with the highest
CCA (89.00%). Group II included three localities sampled during 2018 (including
MI and Western SE), where turf cover was low to moderate when compared with
other localities, ranging between 1.34% and 37.26%, CCA coverage ranged between
2.33% and 26.72%, and live coral coverage was between 0.23% and 4.70%.
Group III included Matapalito 2018 and south side of Colorada Island 2018, where
sand cover was highest, 12.69% and 29.45%, respectively. Matapalito also had the
highest live coral cover among localities (20.31%). Group IV included all localities
sampled during 2014 and Isla Golondrina 2016, with moderate sand and CCA cover,
and high to moderate turf cover. Group V was made up of localities with high turf
cover sampled during the three years (figure 2).

49

021, PP. 45-61

UM, 4 202

AR

VISTA SCIENTIA INS

RE\



50

ARUM, 4; 2021, PP. 45-61

REVISTA SCIENTIA INSU

Figure 2. Similarities among localities (see fig. 1) considering the cover of the reef floor
by categories of benthic organisms in Murciélago Islands and Santa Elena Peninsula,
based on a Bray-Curtis index. CCA: crustose calcareous algae;

CA: crustose algae; MA: macroalgae.

MACROINVERTEBRATES

The highest density of invertebrates was found at Bajo La Vita 2016 (23.2
ind-m?), while the lowest occurred at San Pedrito Island in 2018 (1.14 ind-m?).
Echinoids were the macroinvertebrates with the highest mean densities (+ standard
deviation) 2.98 + 1.66 ind'm™ (max: 6.58; min: 0.32), while other groups had mean
densities lower than 1.00 ind-m™ (bivalves: 0.06 + 0.05 ind'm™; decapods: 0.34 +
0.45 ind'm™; asteroids: 0.25 + 1.05 ind-m?; nudibranchs: 0.06 + 0.17 ind'm?;
holothuroid: 0.46 + 1.11 ind'm™; octopuses: 0.01 + 0.02 ind-m?).

The results of the ANOSIM for macroinvertebrates showed a highly
heterogeneous composition between localities, and conspicuous groups were not
observed (figure 3A). However, there was a subgroup from MI that was not similar
to the others. We observed differentiation by sampling year between 2014 and 2018,
and between 2016 and 2018 (figure 3B), suggesting there was a variable influencing
the macroinvertebrate assemblages during the study period.



Figure 3. Similarities among localities considering the composition of macroinvertebrate
densities (ind'm ) in Murciélago Islands and Santa Elena Peninsula, based
on a Bray-Curtis index, using a A) dendrogram and an B) nMDS plot.

Fisues

We recorded a total of 84 species of fishes, distributed in 20 families and 10
orders. The biomass was dominated by piscivores with the highest mean (+ standard
deviation) biomass of 0.63 + 1.01 ton-ha™, followed by macroalgae-eating herbivores
(0.39 + 1.09 ton-ha'). The detritivores (0.13 + 0.17 ton-ha™), invertebrate feeders
(0.10 £ 0.15 ton-ha™), and planktivores (0.07 + 0.12 ton-ha™) presented intermediate
biomass values. The omnivores presented the lowest biomass: 0.01 + 0.05 ton-ha™.
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Figure 4. Similarities among localities considering the biomass composition of fishes by functional
groups (ton-ha ') in Murciélago Islands and Santa Elena Peninsula, based on a Bray-Curtis index.

The results of the ANOSIM of fish assemblages based on the biomass of
trophic groups sugessted four main groups of localities. Group 1 only included MI
localities during 2014, 2016 and 2018 (figure 4), where detritivores, invertebrate
feeders and herbivores-macroalgae dominated the assemblages, while piscivores were
uncommon or rare. Group 11 included several localities from the four areas (MI, and
Northern, Southern and Western SE) only during 2018, where the overall biomass
of all trophic groups was low. Groups 111 and 1v included localities from 2014 and
2018, with high to moderate biomass of piscivores, with a relatively low biomass
of herbivores-macroalgae in group 111. Most localities sampled during 2016 were
grouped apart from 2018 (figure 4).

The herbivores-macroalgae made the largest contribution to community
similarities during 2014 and 2016, contributing 28.0% and 35.77%, respectively
(table 1). However, during 2018 piscivores contributed the most to similarities among
localities (34.06%). The similarities within a year among the sampled localities
were high (> 70%), while similarities between years were relatively low (< 35%).
The herbivores-macroalgae played a key role in differentiating between 2014 and
2018, while piscivores had a stronger influence between 2014 and 2016 (32.14%),
and between 2016 and 2018 (32.14%) (table 1).



TABLE 1. SIMPER TEST FOR FISH TROPHIC GROUPS CONTRIBUTING TO
SIMILARITIES AMONG LOCALITIES CONSIDERING YEAR AS A FACTOR,
MURCIELAGO ISLANDS AND SANTA ELENA PENINSULA

YEAR SIMILARITY % TrOPHIC GROUP CONTRIBUTION %
Herbivore-macroalgae 28.0
2014 83.25 Invertebrate feeder 22.75
Detritivore 21.48
Herbivore-macroalgae 35.77
2016 71.05 Detritivore 29.32
Invertebrate feeder 27.27
Piscivore 34.06
2018 77.27 Invertebrate feeder 19.26
Detritivore 17.62
Year Similarity % Trophic group Contribution %
Piscivore 36.05
2014 - 2016 24.14 Planktivore 22.23
Detritivore 18.30
Herbivore-macroalgae 27.04
2014 - 2018 24.89 Planktivore 18.38
Piscivore 17.91
Piscivore 32.14
2016 - 2018 35.86 Herbivore-macroalgae 18.97
Planktivore 17.07
DISCUSSION

REEF BoTTOM

The live coral cover decreased by almost 95% in the region during the last
decade, from 47.4% to 2.6% (Bassey-Fallas 2010; Alvarado ez al. 2018; present
study). The sharp decline of live coral could be related to several factors, such as
El Nifio-Southern Oscillation (ENSO) (1997-1998, 2010, 2015-2016), harmful algal
blooms (HABs) in the area, inadequate fisheries practices and lack of enforcement
of MPAs. The El Nino event of 2015-2016 heavily impacted coral biotopes along the
southern Pacific coast of Costa Rica, resulting in a decrease in live coral coverage
by up to 75% (Alvarado ez al. 2020). Similarly, reefs along the northern Pacific
coast of Costa Rica have suffered some level of deterioration, related to ENSO
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events, HABs, the proliferation of invasive seaweed (Caulerpa sertularioides), high
densities of bioeroders (such as sea urchins), a decline in water quality and increase
in fishing pressure (Jiménez 2007; Ferndndez-Garcia ez al. 2012; Alvarado 2013;
Alvarado ez al. 2018). Culebra Bay, located ~40 km south from MI and SE, has lost
live coral coverage during the last decades, from 43.09% in 1995-1996 to 1.25%
in 2014-2016, attributed to both natural and anthropogenic causes (Alvarado ez al.
2018; Sanchez-Noguera et al. 2018; Arias-Godinez et al. 2019). However, MI and
SE differ from other localities from the North Pacific coast of Costa Rica, because
they have not been heavily impacted by extensive coastal development that can be
seen in Culebra Bay (Sinchez-Noguera 2012). The shoreline and lands at MI and
SE are strictly protected within the Guanacaste Conservation Area.

During our three-year study, we only found one healthy coral reef in the
study area, located at Matapalito Bay, Northern Peninsula, dominated by Pocillopora
corals. Currently, Matapalito holds some level of protection, due to the recent
creation of the Santa Elena Bay Marine Management Area in 2018 (Executive
Decree N°41171-MINAE). However, the identification of Matapalito as the only
locality with a coral reef raises awareness of its conservation and management. The
Matapalito reef should be protected because it is a shelter for coral reef dependent
species and a reservoir of corals, that could help to populate other areas through
natural dispersion or to be used as sources of fragments for coral gardening (Mora
et al. 2006; Almany e# al. 2009; Bridge ez al. 2013).

MACROINVERTEBRATES

The echinoids are the dominate macroinvertebrates at MI and SE, as has
also been recorded in other areas of the northern and the southern Pacific coast
of Costa Rica (Alvarado ez al., 2015; Alvarado et al. 2018). Sea urchins play an
important role in reefs as grazers, controlling algae growth, but high densities might
result in bioerosion for some reef bottom substrates, such as corals (Alvarado et a/.
2012, 2016). Despite the lack of evident negative influence of the high densities of
echinoids found at MI and SE, these populations should be regularly surveyed, as
high densities of echinoids could be related to inadequate management of marine
resources, absence of predators due to overfishing, high availability of food (algae),
or intense climate events (Alvarado ez 2/. 2016).

In Culebra Bay, the invertebrates associated with healthy Pocillopora reefs
were more diverse after the seasonal upwelling than before it, presumably due
to recruitment and settlement during and after the event (Alvarado and Vargas-
Castillo 2012). However, there are echinoid aggregations such as Astropyga pulvinata,
with higher abundances between December and April (Alvarado 2008). Since all
study sites were sampled between May and July, our observations only recorded
variation occurring during the rainy season after the seasonal upwelling. These
submarine assemblages should be studied considering the great environmental
variation observed in the region, as reccommended for intertidal invertebrates as well

(Sibaja-Cordero and Cortés 2008; Sibaja-Cordero and Garcia-Méndez 2014; Sibaja-



Cordero et al. 2014). Our observations should be carefully analyzed considering the
seasonality of some species in the region coupled with the seasonal upwelling when
the conditions are unfavorable for SCUBA diving and sampling,.

Lobsters and sea cucumbers presented low densities; this can be an effect of
reef deterioration and fishing pressure. In the North Pacific of Costa Rica, there is a
dive fishery that targets both lobsters and sea cucumbers, among other resources. The
regulation and enforcement of this fishery is deficient, and there are some illegal and
unreported catches (Villalobos-Rojas ez a/. 2014). Lobsters and sea cucumbers have
a high market value (Naranjo-Madrigal 2011; Purcell ez a/. 2014) that provides an
incentive for opportunistic exploitation regardless of the regulations or abundance of
the population (Branch ez a/. 2013). The few occurrences with low densities reported
here are the consequence of the effects of overfishing on these resources, which have
been discussed in previous studies (Toral-Granda 2008; Naranjo-Madrigal 2011;
Alvarado et al. 2013, et al. 2018)

FisHEs

We have recorded a relatively high species richness of fishes inhabiting the
reef habitats around MI and SE (84 species). In the Catalinas Islands and Ocotal,
south of our study area, a total of 46 species were reported during a short study
period (Espinoza & Salas 2005). In Culebra Bay, Dominici-Arosemena ez al. (2005)
reported a total of 75 species of 28 families of reef fishes in 1997, when the reefs
in that area were in healthy conditions. More recently, Arias-Godinez ez 4/. (2019)
indicated the presence of 56 species and 24 families surveyed between 2014-2016
in Culebra Bay, indicating a reduction of over 40% of reef fish orders between both
periods. The higher diversity of reef fishes in MI and SE could be the result of the
presence of the MPA (Beita-Jiménez et al. 2019).

The high biomass of piscivores suggests that MI and SE have high
productivity where top-down control is probably occurring (Stevenson ez al. 2007;
Baum & Worm 2009). These patterns have been observed within MPAs, such as Isla
del Coco, Costa Rica (Friedlander ez a/. 2012; Fourriére et al. 2019). However, the
piscivores in MI and SE were represented by medium-sized predatory bony fishes,
such as snappers (Lutjanidae) and jacks (Carangidae), and not by large-bodied
top predators such as sharks as in Isla del Coco (Friedlander ez /. 2012, Fourriére
et al. 2019). Fishing pressure can affect large predators before other trophic groups
due to life history features that make them vulnerable to extraction, such as low
fecundity, late maturity, and long-life cycles, and their absence could be related to
fisheries (Goeden 1982; Pauly ez al. 1998; Francis ez al. 2016). The absence of large
predatory fishes (e.g., sharks, groupers) in our study could be related to the fishing
pressure influence in the area.

Many fisheries in the region target large-bodied predators, including
sharks, billfishes, snappers, croakers, snooks, and groupers; however, decreasing
landings of some of these groups have been recorded (Villalobos-Rojas ez a/l. 2014).
The northern Pacific coast of Costa Rica has been subjected to fishing pressure
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overall, and illegally within its MPAs, including inadequate management and weak
enforcement (Sdnchez-Jiménez ez al. 2014). In Culebra Bay, large-bodied predators
suffered population declines during the last 20 years, while herbivore populations
increased in response to lower abundance of predator and higher macroalgae cover
(Arias-Godinez et al. 2019). The ACG’s marine sector, which includes MI and
SE, is subjected to illegal incursions of fishers, and park ranger staff do not have
enough resources to enforce the MPA’s regulations (M.M. Chavarria, personal
communication). Authorities should allocate resources for protecting the MPA
and ensure the no-take regulations of the ACG. Moreover, buffer zones should be
managed around the no-take areas where responsible fishing regulations should
prevail in order to protect the fish populations and other marine resources, as well
as the reef ecosystems.

Grunts (Haemulidae) were abundant and dominated the fish assemblages
at MI and SE. Their population dynamics probably play an important role in these
ecosystems. Grunts control different populations of small invertebrates and fishes
while experiencing ontogenetic diet shifts and changes in migration patterns through
its life-cycle (De La Moriniére ez al. 2003). Special focus on the population dynamics
of grunts could shed light on our understanding of the reef habitats at MI and SE.

CONCLUDING REMARKS

The reef habitats found at MI and SE are subjected to strong environmental
seasonality, influenced by both the dry and rainy seasons and the seasonal coastal
upwelling. The biological assemblages inhabiting these reefs are highly dynamic due
to this seasonality and the geomorphology of the coast. However, despite this being
a three-year study, we only recorded data during the transition from the upwelling
to the rainy season and focusing on reef environments due to sea conditions. We
suggest that further studies should include samplings during at least three different
times during the year, in order to record the variation during the dry season before
and during the upwelling, and during the rainy season after the upwelling. We
also suggest performing surveys on other coastal habitats found at MI and SE,
such as Sargassum forests, sand flats, reefs (formed by polychaetes), and mesophotic
environments.

The rocky reefs are highly important to preserve the great marine biodiversity
in the region and serve to keep connectivity between the few coral reefs found on the
northern Pacific coast of Costa Rica. Protection and management of these rocky reefs
are necessary to enhance the ecological processes driving the marine biodiversity. We
also highlight the necessity to protect the only coral reef found around, at Matapalito
Bay, that can be used as a reservoir of corals to populate other areas through natural
dispersion or coral gardening. We strongly suggest that authorities allocate resources
to protect the MPA and ensure enforcement of the no-take regulations.
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