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Changes in structure and function of coral reefs are increasingly significant and few sites in the
Caribbean can tolerate local and global stress factors. Therefore, we assessed coral reef condition
indicators in reefs within and outside of MPAs in the southeastern Dominican Republic, considering
benthic cover as well as the composition, diversity, recruitment, mortality, bleaching, the conservation
status and evolutionary distinctiveness of coral species. In general, we found that reef condition
indicators (coral and benthic cover, recruitment, bleaching, and mortality) within the MPAs showed
better conditions than in the unprotected area (Boca Chica). Although the comparison between the
Boca Chica area and the MPAs may present some spatial imbalance, these zones were chosen for
the purpose of making a comparison with a previous baseline presented. In actuality these indicators
found in the MPAs have improved when compared to results from previous reports (2001) in the same
reefs and others in the Caribbean. Additionally, we found no evidence of massive bleaching during
the El Nifio-Southern Oscillation (ENSO) of 2015. Reef-building species belonging to Orbicella species
complex dominate MPAs, while small colonies of Pseudodiploria strigosa and Siderastrea siderea with
low structural complexity dominate the unprotected sites. Key findings include the potential offered
by MPAs as a network; our results show that a combination of MPAs protect the variation in diversity
and promote the conservation of coral while maintaining historical evolution traits. This study offers
an evaluation framework that considers multiple aspects of relevance in the conservation of Caribbean
coral reefs, presenting a baseline of ecological indicators in the southeastern region of the Dominican
Republic. It also recognizes some protected reefs in this region that can be designated as places of
hope, with excellent conditions in the coral community.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Coral reefs are one of the most complex ecosystems in na-

deterioration that negatively impact coral reefs (Hughes et al.,
2003; Anthony et al, 2015). An increase in frequency and in-
tensity of natural phenomena (e.g. hurricanes, storms) and/or

ture, with high productivity and biodiversity (Reaka-Kulda, 1997;
Veron, 2000). Their social, economic and ecological values
(Moberg and Folke, 1999) are essential to populations living
along coastal regions (Wilkinson, 2008; Burke et al., 2011). Urban,
industrial and agricultural development around coastal waters
and even inland areas cause pollution and are particularly rel-
evant for hard corals (Burke and Maidens, 2004; Heery et al.,
2018), besides overfishing in the coastal zones cause habitat
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global climate change (e.g. changes in temperature, pH and O;)
(Hoegh-Guldberg et al., 2007; Hughes et al., 2017) also negatively
influence reefs. The reefs in the Caribbean are severely degraded
and show clear signs of coral mortality and disease (Mora, 2008),
including loss of coral cover (Carpenter et al., 2008) by more than
80% since the 1970s (Gardner et al., 2003; Jackson et al., 2014)
and biodiversity (Pandolfi et al., 2003). In addition, the abundance
of reef-building species such as Acropora and Orbicella species
complex have drastically reduced (Porto-Hannes et al., 2015).
Acropora species are catalogued by the International Union for
Conservation of Nature (IUCN) as Critically Endangered Species
and Orbicella species complex as Endangered Species (Aronson
et al,, 2008) and are included in Appendix II of the Convention
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on International Trade in Endangered Species of Wild Fauna and
Flora (CITES) (Calle-Trivifio et al., 2018).

Given this situation, conservation efforts based on marine pro-
tected areas (MPAs) have been implemented (Mora et al., 2006).
Most MPAs are management tools that restrict activities that
extract resources and protect habitats from destructive practises
(Watson et al.,, 2014). They improve coral cover, restore fishing
productivity, increase reef resilience and sustain ecological pro-
cesses at the local level (McCook et al., 2010; Claudet, 2011). They
additionally aid in the recovery of ecosystem services (Selig and
Bruno, 2010; Babcock et al., 2010; Mumby and Harborne, 2010;
Mellin et al,, 2016). However, even with the establishment of
marine protected areas (MPAs), it is still unclear if they result
in the facilitation of coral population recovery at a large scale
(Cox et al, 2017). Though other studies show that MPAs do
not provide ecological benefits or improvements in reefs (Gra-
ham et al,, 2008; Selig and Bruno, 2010) and while evidence
of the success of MPAs with indicators based on scleractinian
corals and benthic functional groups is limited (Graham et al,,
2006; McClanahan et al., 2006, 2012), in the context of global
climate change (Anthony et al., 2015), the establishment of sites
that protect ecosystems are still being challenged (Cinner et al.,
2016). Analyses that assess the role of MPAs based on indica-
tors of reef condition (i.e. coral and benthic cover, recruitment,
bleaching, mortality) are crucial (McClanahan et al.,, 2012), as
is the relevance of recognizing conservation priorities based on
phylogenetic characteristics, diversity, and functionality of scle-
ractinian coral species (Mellin et al., 2016; Mora et al., 2016;
Mouillot et al., 2016). Implementing effective MPAs and MPA
networks requires identifying the most relevant zones according
to information on conservation purpose, capacity, and different
biophysical and socioeconomic components that contribute to
their success (Agardy et al,, 2011; Cinner et al.,, 2016).

The coral reefs of the Dominican Republic form an ecosystem
of high local and regional relevance; despite the existence of
diverse protected areas that intend to ensure the prosperity of
the reefs in this region (SINAP, 2014), recent studies are limited
to the northern zone of the country (Eastwood et al., 2017) and
the last evaluation for the south eastern (SE) MPAs was conducted
20 years ago between 1994 and 1997 (Chiappone, 2001). With
this in mind, the aim of this study was to identify the condition of
coral reefs based on health indicators and conservation priorities
(i.e. diversity, conservation status and evolution distinctiveness
of coral species) in an area with different levels of protection and
high tourism development and fishing activities. This work eval-
uates these indicators for the first time in some coral reefs of the
southeastern Dominican Republic, a region that has five different
types of MPAs (868 900 ha): (1) Cotubanama Natural Park, (2)
Guaraguao Catuano Natural Recreation Area, (3) Catalina Island
Natural Monument, (4) Punta Bayahibe Natural Monument and
(5) Southeastern Reefs Marine Sanctuary (SINAP, 2014). Our main
intention was to identify if Dominican Republic’'s SE MPAs not
only foster good reef condition through high live coral cover and
low macroalgae cover but also protect the evolutionary history
and the conservation of coral species diversity in the region.

2. Materials and methods
2.1. Study area and sites

Dominican Republic’s SE reefs are dominated by coral patches
near the coast (<2 km) (Chiappone, 2001). To examine the in-
fluence of protection, we studied 13 sites that have not been
evaluated nor reported in scientific literature until now, seven
test sites within MPAs and six unprotected sites in Boca Chica bay.
The Boca Chica region was chosen because this region had already

been characterized by Chiappone (2001), which allowed us to
have a comparison with a previous baseline, adding that is the
closest non-protected region with similar physical characteristics
to the selected MPAs (Fig. 1).

MPAs in the area were established according to biophysical
and socio-economic factors, more than 7 years ago and they
have different management performance. To study the effects
on independent MPAs, seven sites were selected randomly (Cayo
Ratén, Punta Cacon, El Pefion, La Pared, Coralina, Atlantic Princess
and Dominicus Reef), distributed in the five categories imple-
mented by the Ministry of Environment and Natural Resources:
(1) Cotubanama Natural Park, (2) Guaraguao Catuano Recreation
Natural Area, (3) Catalina Island Natural Monument, (4) Punta
Bayahibe Natural Monument and (5) Southeastern Reefs Marine
Sanctuary (Table 1). Fishing and boat transit are forbidden at Cayo
Ratén since 2009 (Decree 499-09) in CNP. Organized tourism op-
erators (12 dive centres) carry out diving activities and “artisanal”
fishing at Punta Cacén, El Pefi6n, Atlantic Princess and Dominicus
Reef sites. La Pared reef is at Catalina Island Natural Monument
and suffers high levels of human pressure caused by tourism
activities (tours and diving). In addition to urban waste; sediment
and nutrients are flushed into this site from La Romana city. La
Coralina site (PBNM) is located near Bayahibe municipality, an
area with a high flow of boats, snorkeling activities, water sports,
and “artisanal” fishing, an activity that involves 15 boats, 35
fishermen and approximately two landing points (Cortés-Useche
et al,, 2017). The six unprotected sites are in Boca Chica (BC),
where all activities are allowed and unregulated. Within the Boca
Chica bay there are 53 hotels with more than 2000 rooms, the
region has no agricultural development and people completely
rely on tourism and get food from fishing. Residents (approximate
population 142019) in Boca Chica are exposed to more severe
poverty in terms of the life quality than others municipalities like
La Romana or Bayahibe.

2.2. Sampling and data collection

Visual censuses were carried out through SCUBA diving at
permanent stations from August 2015 to September 2016 at <12
m depth reefs (frontal reefs). For coral bleaching, surveys were
performed in summer season (September to November) of 2015
during the high heat stress phase. The type of substrate was
determined and the following attributes of the scleractinian coral
communities were estimated: species richness, live coral cover,
coral recruitment, bleaching (%), and mortality. The composition
of the benthic community was determined using the point in-
tercept transect method, deploying six 10 m transect lines, each
5 m apart; with intersection points placed every 0.25 m (Kramer,
2003; Lang et al., 2010, www.agrra.org) Coral recruitment (<2 cm
colony diameter) was estimated using the PVC quadrant tech-
nique (25 x 25 cm quadrants). The quadrants were placed at five
points along a transect line and each coral recruit was identified
and measured. The number of colonies were sorted by species
affected by coral diseases, evidence of bleaching or some type
of mortality that was recorded for each transect (Lang et al.,
2010). Benthic community average cover was categorized accord-
ing to the Atlantic and Gulf Rapid Reef Assessment (AGRRA):
live coral cover (LCC), macroalgae (MA), abiotic substrate (ASUB),
crustose coralline algae (CCA), cyanobacteria (CYAN) and other
invertebrates (OINV).

2.3. Data analysis
2.3.1. Benthos and coral species composition

Wisconsin double standardization was performed on coral
cover assemblage data by species and benthos cover data, as
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Fig. 1. Dominican Republic’s SE Reefs. The seven protected sites (MPAs) are within the polygon covering an approximate area of 7855 km?: Cayo Ratén (CR), Punta
Cacén (PC), El Pefién (Pe), La Pared (Pa), Coralina (Co), Atlantic Princess (AP) and Dominicus Reef (DR). The six unprotected sites are in Boca Chica: (BC1, BC2, BC3,

BC4, BC5, and BC6).

Table 1

List of codes and characteristics of the 13 study sites. CNP = Cotubanama Natural Park, GCNRA = Guaraguao Catuano Natural Recreation Area, CINM = Catalina
Island Natural Monument, PBNM = Punta Bayahibe Natural Monument, SERMS = Southeastern Reefs Marine Sanctuary and NP = unprotected.

Category IUCN Site Code Year of legal establishment Budget capacity Staff capacity Fishing Dive intensity
Cayo Ratén CR 1975 . No-take zone Closed
CNP 1 Punta Cacén PC 1975 Below optimal Inadequate Regulated 9/day
GCNRA VI El Pefién Pe 1975 None None Regulated 34/day
CINM il La Pared Pa 1995 Inadequate Inadequate Regulated 9/day
PBNM il Coralina Co 2009 None None Regulated Closed
Atlantic Princess AP 2009 None Regulated 12/day
SERMS ! Dominicus Reef DR 2009 None Regulated 61/day
Boca Chica 1 BC1 No All Unknown
Boca Chica 2 BC2 No All Unknown
NP None Boca Chica 3 BC3 No None None All Unknown
Boca Chica 4 BC4 No All Unknown
Boca Chica 5 BC5 No All Unknown
Boca Chica 6 BC6 No All Unknown

has been recommended for subsequent analysis using multidi-
mensional methods (Legendre and Gallagher, 2001; Legendre and
Legendre, 2012). In the case of the coral species composition we
eliminated the species Orbicella annularis because it was present
only in Coralina (Co) with a relative high percentage of cover;
which led to a distortion in the multidimensional representation
due to the high dissimilarity that this species offered to the
Coralina transects (Legendre and Legendre, 2012). The species
Orbicella annularis was eliminated only for the multidimensional
analysis, and subsequent diversity analyses this species was con-
sidered. Transformed and filtered data were used to estimate
the Bray-Curtis dissimilarity coefficient (Legendre and Gallagher,
2001; Legendre and Legendre, 2012). Non-metric multidimen-
sional scaling (NMDS) was used to graphically represent the order
of sites for benthos and coral species coverage. The analysis was
based on the ‘meta-MDS’ function and considered stability by
minimizing stress; the main components were rotated to achieve
a better representation of ordination (Legendre and Legendre,
2012).

To find out if differences between the types of coverage and
coral species were present among sites, a permutational multi-
variate analysis of variance (PERMANOVA) was carried out. This
analysis was based on ‘adonis’ function, following Anderson’s
equation (2001). Subsequently, a similarity percentage analysis
(SIMPER) was carried out to find out which benthos functional
groups and species contributed most to the differentiation be-
tween the levels of PERMANOVA-based factors. The analysis was
based on the ‘simper’ function (Clarke, 1993; Warton et al., 2012).
Both analyses were applied to the dissimilarity matrices based
on transformed and filtered data and applying 999 permutations
with & = 0.05 value. All analysis mentioned above were based

on available functions in the ‘vegan’ library (Oksanen et al., 2016)
statistics R program, version 3.3.1 (R Core Team, 2016).

2.3.2. Bleaching, mortality, and recruitment

To identify differences in coral bleaching, mortality and re-
cruitment between MPAs and unprotected sites, a contrast hy-
pothesis analysis was performed; the factor was protection cate-
gory and the appointed value @ = 0.05. Coral bleaching and old
mortality variables were represented by cover percentages and
had no normality or homogeneity of variance within each cate-
gory. For this reason, we decided to perform a square root trans-
formation, allowing data normality and homogeneity for subse-
quent analysis by using a one-way ANOVA (Zar, 1999; Chambers
et al., 1992). Recruitment and new mortality showed no apparent
distribution and data transformation was not an option, so we
applied a non-parametric analysis based on Wilcoxon rank sum
test for independent samples (Hollander et al., 2015).

2.3.3. Diversity and evolutionarily distinct and globally endangered
(EDGE) species indexes

In order to recognize the ecological relevance through indi-
cators based on the richness and composition of coral species
in each site, we evaluated three main aspects — alpha and beta
diversity, and their Evolutionary Distinctiveness and Globally En-
dangered (EDGE) cumulative proportion of cover by site.

Alpha diversity was estimated based on the average coverage
data of species in each site, using the untransformed and un-
filtered database, indices were calculated with 0.0, 1.0 and 2.0
diversity orders with range equivalents to the Hill’'s numbers of
richness, Shannon and Simpson diversity respectively (Hill, 1973;
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Fig. 2. Benthic cover (cover %) (mean =+ SE): (a) live coral (LCC), (b) macroalgae (MA), (c) abiotic substrates (ASUB), (d) crustose coralline algae (CCA), (e) other

invertebrates (OINV), (f) cyanobacteria (CYAN).

Jost, 2007). This index was expressed in units that are easier to
interpret and of great ecological meaning (Hill, 1973; Jost, 2007).
Analyses were based on ‘entropart’ library’s ‘divprofile’ function
(Marcon and Hérault, 2015).

An analysis of the local contribution to beta diversity (LCBD)
was carried out with the purpose of establishing the percentage
of contribution in each of the sites and identifying the uniqueness
based on existing diversity (Legendre and De Caceres, 2013). The
study analysed the variation in Bray-Curtis dissimilarity matrix
that was built for the composition of transformed coral data.
However, in this case Orbicella annularis was considered in order
to identify its importance in identifying how unique the sites
were; this LCBD analysis gave a value of how unique the site was
considering its contribution to variation in diversity, LCBD values
indicate the sites that contribute more (or less) than the mean
total beta diversity. The analysis was based on the ‘adespatial’
library (Dray et al.,, 2016).

To find out the degree of evolutionary history and the im-
portance for conservation, we used the EDGE value proposed by
[saac et al. (2007). The starting point was a score given according
to evolutionary distinctiveness (ED) weighted by the category
established by the red list (GE), obtaining a value for the species
of interest based on the following equation:

EDGE = In (1 4 ED) + GE  In (2)

where the values represent threatened categories (GE) of the red
list, with Least Concern=0, Near Threatened and Conservation
Dependent = 1, Vulnerable = 2, Endangered = 3, Critically Endan-
gered =4 (IUNC, 2017). EDGE values for coral species recorded
in this work were obtained from the EDGE webpage (2018); they
are explained and analysed in depth in the works of Huang (2012)
and Curnick et al. (2015).

The priority for conservation EDGE index was calculated based
on the EDGE value per species and the percentage of mean cover
that each of the species represents at the site level, using the
untransformed and unfiltered database. The index is represented
by the following equation:

3 ((CV spi/100) + EDGE spi)
MAX EDGE value of the species

EDGE index is the summation of the product of the cover
of species (CV) by its EDGE value divided by the maximum
EDGE value for the species present. The maximum EDGE value
is a constant represented by a score of 4.836 — the score for
Stephanocoenia intersepta which has the maximum EDGE value of
the species found in the studied MPAs. The product of this index
is a ratio that goes from 0 to 1 and expresses the percentage of
protection of evolutionary history and of conservation priority at
site level.

All the analyses were carried out and plotted using the statis-
tical program R version 3.3.1 (R Core Team, 2016).

EDGEsjte =

3. Results
3.1. Benthic cover

Live coral cover (mean + SE) (34.9 + 5.8%) was greater in
MPAs, especially in La Pared (63 + 4.7%) and Cayo Ratén (39
+ 6.1%) sites; the lowest values were found in the unprotected
areas studied (12.3 4 1.9%) (Fig. 2a). Macroalgae showed higher
coverage (35.3 &+ 5.6%) within unprotected sites (BC1, BC2, BC3
y BC4) and at Coralina Reef (61 £ 5.4%), while the lowest values
were found within MPAs (27.5 4 6.2%) (Fig. 2b). Abiotic substrate
cover (e.g. sand, rock, and rubble) had high values in the unpro-
tected sites (31.9 & 5.7%) and low values in MPAs (16.4 + 3.2%)
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Fig. 3. (a) Non-metric multidimensional scaling (NMDS) of benthic cover.
Table 1 shows site codes and protection category.

(Fig. 2c). Crustose coralline algae covered 16.1 £+ 1.6% of the
unprotected sites and 12.7 £ 1.5% within MPAs (Fig. 2d). Other
invertebrates (e.g. sponges and soft corals) covered 4.4 + 0.6% of
the BC area and 7.5 £ 1.2% within MPAs (Fig. 2e). Cyanobacteria
had low cover values 0.1 £ 0.1% in the BC area and 0.9 + 0.5%
within MPAs (Fig. 2f).

The MPA’s cover composition was different from the ben-
thic functional groups found in the unprotected sites, showing a
greater cover of coral and coral with other invertebrates (with
the exception of Coralina) than in unprotected sites where the
macroalgae and abiotic substrate dominated the benthic cover
(Fig. 3). We also found a significant difference between sites (PER-
MANOVA, Pseudo Fi265y = 12.59, R?> = 0.70 and permutated
P = 0.01), where some sites like La Pared (Pa) and Cayo Rat6n
present considerably higher coral cover (SIMPER, permutated P <
0.05) We found that the coral cover, macroalgae and abiotic sub-
strate was the most relevant benthic groups in the differentiation
between sites.

3.2. Bleaching, mortality, and coral recruitment

In general, all the MPAs presented better coral health con-
dition indicators based on bleaching and mortality. Besides, all
MPAs presented high values of coral recruitment in contrast with
unprotected sites. All study sites showed a low relative propor-
tion of bleaching <12% (Fig. 4a). Differences in coral bleaching
were observed between MPAs and unprotected sites (F (1,11) =
23.98, P = 0.0004), showing an average 1.2 &+ 0.7% (SE) for MPAs
while the average at the BC area was 7.6 + 1.2% (Fig. 4b). New
mortality (NM) was similar in MPAs (0.5 + 0.4%, with values
ranging from 0 to 3.2%) and in BC area (0.5 + 0.3%, with values
ranging from 0 to 2%) (Fig. 4c), and we found no differences
in coral condition (Fig. 4d). Old mortality (OM) in MPAs was
1.4 4+ 0.5% and had a range between 0 and 3.4%, but it was
considerably greater in the BC area (F (;,11) = 11.7, P = 0.0057)
with an average of 5.5 + 1.3% with a range from 2 to 12% (Fig. 4e)
(Fig. 4f). The density of coral recruits was low in all sites; MPAs
had a mean 4 + 1.4 ind/m?, while the BC area showed a mean
2 4+ 0.8 ind/m? (Fig. 4g). MPAs presented greater recruitment
variation, with high values as compared to the BC area (W (1,11) =
14.5, P = 0.3874) (Fig. 4h). Porites astreoides and A. agaricites
provided greater recruit abundance when compared with other
species.

3.3. Diversity, EDGE index and composition of coral species

A total of 24 species of scleractinian corals belonging to 18
genera and 11 families were observed. We found a surprising
pattern in the alpha diversity with greater values in the MPAs
in the case of richness, with an average of 12 species. However,
in the case of the N1 or N2 of Hill’s numbers (based on a major
weight for species with more cover and equivalent to Shannon
and Simpson diversity respectively) a greater diversity was found
in the unprotected sites (Fig. 5a-c). This shows the relevance
of rare coral species in the protected sites, of which some are
reef-building species such as Acropora cervicornis and Orbicella
annularis.

On the basis of analysis of the local contribution to beta
diversity (Fig. 5d), the most unique sites in terms of species
composition are the Coralina, La Pared, and Cayo Ratén, MPAs that
contribute to more than 50% of the total variation in the species
composition. It is interesting that the Coralina Reef stands out for
its high uniqueness and different species composition (p < 0.05)
given the presence of the species Orbicella annularis, as this was
the only site in which it was found; it is also the site with greatest
Dendrogyra cylindrus cover.

Results of the analysis of EDGE index at site level showed
that the protected site La Pared provides the largest ratio of
evolutionary history and protection to threatened species. It has
high coral cover and is dominated by the species Orbicella faveo-
lata. Additionally, it is the only site where Acropora cervicornis is
present. However, other protected reefs such as Atlantic Princess,
Dominicus Reef, Cayo Ratén and El Pefién also have high EDGE
index values. These MPAs protect a considerable percentage of
the cover of species from the Orbicella genus, and they also have
species such as Montastraea cavernosa and Dendrogyra cylindrus,
which have high EDGE values. It is important to point out that
high values of EDGE index were found at MPAs, sites that have a
greater coral cover (Fig. 5e).

We found a significant difference in species composition be-
tween sites (PERMANOVA, Pseudo F1; 65y = 6.08, R?> = 0.53 and
permuted P = 0.001), even when NMDS ordination showed that
most of the MPAs were clustered; however, at the Coralina site,
composition exhibited important differences from the other sites
(Fig. 6). Different species were relevant in the differentiation
between sites highlighting some of them as: Orbicella faveo-
lata, Pseudodiploria strigosa, Diploria labyrinthiformis, Siderastrea
siderea, Porites porites and Porites divaricata (SIMPER, permutated
P < 0.05). Some rare coral species were observed only at one site:
Orbicella annularis (La Coralina); Manicina areolata (BC1); Eusmilia
fastigiata (La Pared); Acropora cervicornis (La Pared); Helioseris
cucullata (Punta Cacén); and Siderastrea radians (Punta Cacén)
(Supplementary Figure S1). In the unprotected sites dominant
species were Pseudodiploria strigosa, Stephanocoenia intersepta,
Agaricia agaricites, as well as P. astreoides, Meandrina meandrites,
and O. faveolata (Supplementary Figure S1). Within the MPAs
the dominant species were O. faveolata, followed by A. agaricites,
which were found in all sites (Supplementary Figure S1). Other
dominant species in MPAs were Orbicella species complex and
Porites porites (Supplementary Figure S1).

Agaricia agaricites and Orbicella faveolata species were
recorded in all the sites and were the main species in Pa, AP,
Pe, PC, and BC2 reefs. Orbicella annularis was present only in
Coralina and dominated the reef, while O. franksi dominated the
Dominicus Reef and Porites porites dominated at Cayo Raton. At
the unprotected sites, Pseudodiploria strigosa contributed to the
greatest percentage at BC1, BC3, and BC5, while Stephanocoenia
intersepta did so in BC4 and Meandrina meandrites in BC6. Based
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on the arrangement of coral species composition (Fig. 6), all the 4. Discussion
MPAs presented a differentiation from the unprotected sites, with
the exception of Cayo Ratén were a composition similar to the BC . . .
P v P Caribbean region (Jackson et al., 2014), our results show positive

site was found. This showed that the composition of the MPAs oo conditions in the SE Dominican Republic’'s MPA network.

was primarily dominated by coral species with high structural  [jve coral cover is higher (35 + 5.8%) than in unprotected sites
complexity in comparison to the BC sites. (12 £ 2%), and other reefs of the wider Caribbean (mean 17%)

Despite the alarming ecological condition of coral reefs in the



C. Cortés-Useche, A.L Muiliz-Castillo, J. Calle-Trivifio et al. / Regional Studies in Marine Science 32 (2019) 100893 7

S
4 2z
=
()]
N =,
Sz
= o
o
=
=
S
(2]
o]
= e
! (@]
[ [ | 1
-2 -1 0 1
NMDS 1

Fig. 6. Non-metric multidimensional scaling (NMDS) for coral species
composition. Table 1 shows site codes and protection category.

exemplified by Jackson et al. (2014). Coral cover in this group
of MPAs is similar to that observed in the Caribbean more than
two decades ago (Gardner et al., 2003; Arias-Gonzalez et al,,
2017). The percentage of coral cover observed in southeastern
Dominican in this study has increased by average of 20% over
the reported baseline recorded at comparable sites in 1996 by
Chiappone (2001). This was observed in the reefs visited during
both studies, where the Dominicus Reef showed an improvement
of coral cover from 20% to 37%; El Pefion from 11% to 31%
and Punta Cacén from 11% to 26% in the baseline presented by
Chiappone (2001) and our present study respectively. The highest
live coral cover was observed at six MPA sites which agrees
with the results of other studies in small MPAs demonstrating
their benefit (Bonaldo et al., 2017). They are also consistent with
reduced impacts as a result of protection status, like in Australia’s
Great Barrier Reef (Myers and Ambrose, 2009). However, at PBNM
(Coralina), macroalgae dominated (61 £ 5.4%) and the lowest
coral cover (13 £ 4.3%) was observed in this protected site.
This could be mainly associated with local stress factors such as
high wave and hurricane exposure and, a constant flow of boats
and visitors, causing direct physical injuries to coral colonies.
Besides, Bayahibe urban area is a short distance away (<500
m), which makes this Natural Monument vulnerable to dissolved
nutrients and sediments. This condition is also notable at our
unprotected sites studies, which have low live coral cover, and
coincide with the values recorded for the same area by Chiappone
(2001) with values lower than 10% in the two sites surveyed in
Boca Chica in 1997. The phase shift reported at other Caribbean
reefs (Jackson et al., 2014; Arias-Gonzalez et al., 2017), has proba-
bly also occurred in this place, where macroalgae now dominates
associated benthic substrate, a process recently linked to nutri-
ent and pollution flushes which promote excessive proliferation
of these organisms (Russ et al., 2015). Other studies on water
quality parameters, such as suspended particles, heavy metals,
nitrogen, and phosphorus, have found high values that correlate
with negative impacts on coral larvae development, calcification,
tissue growth and survival (Maynard et al.,, 2010). Precisely in
the bay of Boca Chica there are physical and environmental
problems associated with the rapid urbanization of the coastal
area with direct impacts on water quality. Marine and coastal
ecosystems, including coral reefs, are exposed to a system of solid
waste collection and wastewater treatment that has surpassed
the capacity of the municipality. For example, the wastewater
treatment plant was built for an estimated population of 25000
people and today more than 140000 live in the area. Treated

waste water is discharged directly into the underground system
and approximately 50% of sewage from the municipality goes into
coral reefs (CORAABAO, 2016).

Other benthic components such as macroalgae and abiotic
substrate are lower at MPAs (27 and 16%), along with indicators
of coral bleaching relative to proportion (<1%) and old mortality
(<1%). These findings agree with other studies, which emphasize
that MPA networks reduce local impacts and improve reef con-
dition, including scleractinian corals (Stockwell et al., 2009; Selig
and Bruno, 2010; Mumby and Harborne, 2010; Lamb et al., 2015;
Mellin et al., 2016).

Overall, we found that MPAs may have a positive impact
on reef conditions individually and collectively, as they have
more coral cover and better health indicators. We found relative
positive changes over time when compared to data from 1997
collected by Chiaponne in reefs inside/outside MPAs. Even if Boca
Chica has naturally lower in coral cover, it did not improve during
this timeframe but the MPA sites did. These results may reflect
the relatively low intensity of human activities at MPA zones in
contrast to unprotected sites with more pronounced activities
used for a wide variety of purposes and associated to urbanization
and pollution.

Although most of the MPAs in this study have absent or inade-
quate budget capacity, with the exception of the CNP (below opti-
mum) and absent or inadequate staff capacity (number/quality of
staff (on-site), local management has influence in the region, for
example, NGOs, local communities and non-state actors partici-
pate in management processes (Cortés-Useche et al., 2017). These
results coincide with the work developed by Gill et al. (2017),
where it is highlighted that many of the implemented MPAs did
not reach the minimum thresholds for effective and equitable
management processes, including the MPAs of the Caribbean
region.

Local management activities have proven to be successful in
other islands along the 700-km eastern Caribbean archipelago,
improving the resilience of coral reef systems (Steneck et al.,
2018). Some potential tools promoting positive conditions in the
SE MPAs include the incorporation of local management mea-
sures; particularly important is the permanent closure of fishing
activities and boat transit in the Catuano Canal (since 2009) in
CNP, where Cayo Ratén reef is located. This reef is characterized
by geographic isolation at the East end of Saona Island, very close
to other marine ecosystems such as mangroves, seagrass beds and
beaches (Chiappone, 2001). The relatively early implementation
of MPAs like CNP (1975) and NMIC (1995), may explain that pos-
itive effects of protected areas are linked to the number of years
they are under protection (Edgar et al., 2014). In addition, dive
centres, local communities, and NGOs have been actively involved
in installing mooring buoys and signals at Pa, AP, DR, Pe and PC
sites, and are consistently surveilling the area. The low or closed
dive activities within MPA sites may explain the effectiveness
in reducing direct impacts on coral colonies (Edgar et al., 2014;
Aswani et al.,, 2015). Resolution No. 023—17 (2017) has been
instated in this country, which declares the closure of capture
and marketing of all species of sharks, rays, parrot/doctor fish and
urchins living in territorial waters, as well as trade of derivative
products, including exports and imports (Cortés-Useche et al.,
2017).

Based on the results of the study, we conclude that the region
of SE Dominican Republic did not suffer massive bleaching or
mortality. The percentage of these conditions in corals was rela-
tively low in all studied sites (<12%). This is largely due to the low
heat stress presented in the study area in 2015 (Supplementary
Figure S2; Muifiiz-Castillo et al., 2019). Although 2015 was one
of the most important heat-stress events in other regions of the
Caribbean, such as Florida, the Gulf of Mexico and the Mesoamer-
ican Reef System, this last heat-stress event did not impact the
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reefs of the Southeast of the Dominican Republic. These reefs
however, are also located in one of the regions with the least
exposure to heat stress in the wider Caribbean (Supplementary
Figure S2; Mufiiz-Castillo et al., 2019). In the reefs of the South-
east of the Dominican Republic no considerable impact of the last
global bleaching event was observed, as it was observed in other
parts of the planet such as Australia (Hughes et al,, 2017) and
Florida (Gintert et al., 2018).

Coral recruitment is a factor influencing biodiversity and bio-
construction of coral reefs. In this study, MPAs exhibited greater
recruitment densities (mean = 4 ind/m?) when compared to the
BC area (2 ind/m?). However, we found high variation and no
significant difference between the two areas, probably because
of the high variability of coral recruitment, a fact that has been
demonstrated by other studies (Luter et al., 2016). The observed
recruitment rates in MPAs during this study (4 ind/m?) were
greater than recorded by Chiappone (2001) in the area (2 ind/m?)
in 1996 and coincide to coral dominated state for these reefs
(Alcolado and Duran, 2011). However, recruitment values are
low as compared to other studies in the Caribbean region (7-
14 ind/m?) (Vermeij et al., 2011; Steneck et al., 2015). Our study
found high values of crustose coralline algae (CCA) at both MPA
sites and the BC area (13% and 16%), which were more than
values from other reports in the same region in the Dominican
Republic (1% and 2%) (Chiappone, 2001). However, data from this
study could not demonstrate the positive effects of CCA on coral
recruitment. This could be associated with the negative effects
caused by macroalgae, other invertebrates (e.g. sponges) and
high sedimentation rates (Torres et al.,, 2001). Additionally, the
cyanobacteria present in the SE reefs, limits recruitment success
(Arnold and Steneck, 2011).

Coral diversity analysis shows that live coral cover is a key
variable in sustaining coral reef biodiversity
(Bellwood and Hughes, 2001; Arias-Gonzalez et al., 2008). Sites
with high coral cover and high diversity indicate healthy reefs
(Anthony et al.,, 2015; Aswani et al.,, 2015). In our case study we
found that MPAs generally present more species richness, but
less diversity (Hill N1 and N2 numbers) than unprotected sites.
This highlights the relevance of rare or less abundant species in
the case of MPAs, which contribute considerably to the richness
of protected sites. Comparing the richness data obtained in this
work with those recorded by Chiappone (2001), we found a
greater number of species at present during our observation. At
the Dominicus Reef we found a richness of 13 species when
compared to the 10 previously recorded, at El Pefién we recorded
12 species as opposed to the 9 recorded earlier. However, this
increase in species richness may be due to an effect of the
use of scientific nomenclature, where some species such as the
Orbicella species complex were considered a single species in
earlier studies (Orbicella annularis), for example many authors
considered them to be comprised of three morphotypes or sibling
species (Knowlton, 1992) as mentioned by Chiappone (2001).

Recent studies suggest that protected reefs have greater 8-
diversity, and spatially heterogeneous communities (Mellin et al.,
2014). It is important to highlight that greater biodiversity could
maximize functional ecosystem redundancy (Thibaut et al., 2012;
Anderson et al., 2013). In this study we observed that the com-
bination of some of these MPA zones protects more than 50% of
diversity variation and fosters the protection of coral evolutionary
history. This marks the relevance of protecting species diversity
and phylogenetic diversity offered by MPAs as a network of
MPAs and shows great relevance for the conservation of tropical
Atlantic reefs (Mouillot et al.,, 2016). Caribbean corals are being
impacted by multiple stressors, some global such as constant
exposure to heat stress and its increasing trend in the Caribbean
region (Mufiiz-Castillo et al., 2019), as well as other local impacts

such as pollution and coastal development (Arias-Gonzalez et al.,
2016, 2017), adding the devastating regional impact that they
are suffering due to the recent outbreak of the stony coral tissue
loss disease (SCTLD) (Precht et al., 2016; AGRRA, 2019). This
decline in the main formers of coral reefs calls for a prioritization
approach to conservation with special attention to the ecological
characteristics of coral assemblages.

In the MPAs, Orbicella species complex is a major contributor
to reef construction (>46% of the relative coral cover). The pat-
tern of dominance of Orbicella species complex observed in these
MPAs coincides with the ones described for the same area (South-
eastern) by Chiappone (2001) between 1994 and 1997. These
species of the Orbicella complex make a significant contribution
to living coral cover, have high rates of survival, and are highly
competitive (Sorokin, 1995; Brown, 1997). Acropora species on
the other hand were marginal, but large patches of A. cervicornis
corals were found at La Pared reef; this species is seriously threat-
ened and its populations in the Caribbean are reduced (Nystrom
et al., 2000). These results highlight the importance of conserving
lineages of coral species classified in the Top-10 species with a
high grade of evolutionary distinctiveness and that are at a risk
of extinction (Huang, 2012; Curnick et al., 2015). Protecting reefs
dominated by reef-building Orbicella species complex, as well as
reefs with seriously threatened fast-growing Acropora species, is
a key priority to sustain coral reef ecological processes (Mumby
et al.,, 2008; Alvarez-Filip et al., 2013; Rodriguez-Zaragoza and
Arias-Gonzalez, 2015).

According to Chiappone (2001), a majority of the coral cover
in most sites surveyed within the area between 1994 and 1997
(Dominicus Reef, El Pefién and Boca Chica) comprised of O. an-
nularis, M. cavernosa, Agaricia agaricites, and Siderastrea siderea.
In our study Orbicella annularis was present only in Coralina and
small colonies of Pseudodiploria strigosa (brain) and Siderastrea
siderea (semi-spherical) provide the largest contribution in the
unprotected sites. This seems to indicate a change in submarine
seascape over time, i.e., a degraded environment is dominated
by species of smaller size and less structural complexity (Dar-
ling et al., 2012; Rodriguez-Zaragoza and Arias-Gonzalez, 2015;
Newman et al.,, 2015). However, these results compared with
data from more than 20 years ago, show that MPAs not only
have higher live coral coverage but also a species composition
that is still dominated by reef-building corals. This is despite the
presence of coral species with a high degree of evolutionary dis-
tinctiveness and that are in danger of extinction. Recent studies
emphasize that coral composition and diversity are changing in
the Caribbean; species of genus Agaricia spp. and Porites spp. tend
to dominate the seascape, reducing the complexity of the habitat
and modifying ecosystem functions (Alvarez-Filip et al., 2013;
Perry et al., 2015).

One of the main contributions of this work is the use of
indicators based on the diversity and evolutionary history pro-
vided by each of the species. On one hand, the use of diversity
is important for decision-making, which can be based on the
condition and structure of coral reefs, instead of considering only
species richness. On the other hand, the analysis of the spatial
variation of the community through local contribution to beta
diversity LCBD is an indicator of the uniqueness of the compo-
sition of species present in the sites; in this sense, large values
of the LCBD highlight sites with high conservation potential or
potentially degraded, where unique or rare species may occur
(Legendre and De Caceres, 2013; Mellin et al., 2014). Coralina Reef
has a very particular composition, where the two species that
dominate have low abundance than in the rest of the evaluated
sites. Although Coralina has poor reef conditions because of low
coral cover, its contribution to regional diversity is remarkable
due to its high LCBD values. Other sites with a significant con-
tribution are La Pared in CINM and Cayo Ratén in CNP, both
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with high relevance for conservation in the region as they are
in excellent reef condition and they contribute significantly to
regional diversity.

5. Conclusion

This is the first study demonstrating that coral reefs, which are
a part of the MPA network in the SE Dominican Republic, have
high coral cover, and favourable coral reef condition indicators.
This study emphasizes on hot spots, promoting effective local
management tools, preserving untouched and isolated reefs (Cayo
Ratén), protecting exposed reefs (La Pared y Atlantic Princess),
and reducing reef threats (Dominicus Reef, Pefiobn and Punta
Cacén). Restoration of affected reefs by local stressors, such as
at La Coralina in PBNM, should also be considered due to its
great uniqueness and species composition, such as the pres-
ence of Orbicella annularis and a higher coverage of Dendrogyra
cylindrus. Current strategies aim to identify and protect distur-
bance resistant and resilient reefs and to ensure the protection
of coral builders in the tropical Atlantic. Some of the Dominican
Republic’s SE MPAs have been established since 1975 and are
enforced by local participation, through fishermen, divers, NGOs,
businessmen and committed government authorities that have
supported the resource management process for several years,
exerting control and permanent surveillance in the area. Our find-
ings indicate that local reef management should continue because
the benefits of MPAs may increase with efficient management.
These reefs could offer a good model of coral reef management in
the Caribbean, considering local management scheme involving
long-term ecological and economic synergisms could provide the
basis for a future management model directly benefiting both
reefs condition and society.
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