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Abstract: To map ecological units in mesophotic coral ecosystems on the western side of San Andrés
Island (Colombia) considering biotic components and geomorphic zonation among 30–140 m deep,
27 video transects were done using an ROV. In total, 14 h of video were recorded and 5742 still images
were extracted from them, from which 753 met quality criteria for bottom coverage and organisms’
abundance estimations. These estimates were calculated from images through the Planar-Point
Intercept method (PPI) using a 1 m × 0.5 m quadrant gridded 0.1 m × 0.1 m. CLUSTER, SIMPROF,
and SIMPER analysis of benthic composition considering depth ranges in the group’s formation
were done. The clusters formed were simplified and generalized using a color matrix to support
the mapping process. Two geomorphological units were found, the deep reef terrace (30–60 m)
and the reef slope (60–357 m), overlapping with five ecological units spanning 268 ha. The units
Bioturbed sediments–Calcareous algae, Octocorals–Mixed corals, and Octocorals–Sponges sited on
the deep reef terrace have been previously described in the shallow waters of the island, and the units
Octocorals–Sponges–Antipatharians and Encrusting Sponges sited on the reef slope are described as
new here. These findings contribute to the knowledge of Caribbean mesophotic coral ecosystems and
are useful to update the Colombian coral reef atlas.

Keywords: coral reefs biodiversity; deep habitats mapping; marine habitats classification; mesophotic
reefs; MCE; ROV surveys; twilight zone

1. Introduction

The Mesophotic Coral Ecosystems (MCEs) are those usually found from 30 to over
150 m depth in tropical and subtropical waters, where light-dependent corals and associ-
ated communities are thriving with significant reduction in light penetration [1,2]. This
kind of marine habitat has been around since the Silurian period, as suggested by recent
studies on fossil reefs [3]. MCEs have received increased attention in the last decades due
to the introduction of technical diving in scientific research allowing safe diving over 40 m
deep, and the increasing availability of remotely operated vehicles—ROVs [4]. The global
exploration of MCEs has exposed a great diversity of biological communities with high
levels of endemism [5]. Moreover, MCEs have been considered fairly stable environments
that rarely suffer from anthropogenic pressures [6]; therefore, they have been viewed as a
kind of lifeboat habitat by acting as a refuge for species suffering multiple threats in shal-
low ecosystems, such as overfishing and increasing climate change-related stressors (e.g.,
coral bleaching), such that those “refugees” can act as seed sources for the maintenance
or restoration of highly vulnerable shallow ecosystems and their wild populations [2,6,7].
However, several studies suggest that MCEs harbor populations that are genetically and
physiologically different from those in shallow zones, even in species with wide bathy-
metric distribution [2,7], which deny the universality of the hypothesis of MCEs as “Deep
reef refugia”.

On a global scale, the studies focused on contemporary MCE have been concentrated
in four regions, with the Caribbean standing out in the number of recent publications with
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studies conducted in the Bahamas, Cayman Islands, Jamaica, and Puerto Rico, among
others [8]. In Colombia, the knowledge on MCEs is very limited, with only seven publi-
cations to date [9–14]. Two of these studies were focused on MCE´s biodiversity of San
Andrés Island (SAI), and report a considerable number of species of corals and sponges
including new records for the island and for the Sea Flower Biosphere Reserve [11,13].
Aside from the relevant contribution from both works in terms of the MCE’s biodiversity
knowledge, the work by Chasqui et al. [13] made an attempt to describe, for the first time
in Colombia, the MCE in terms of ecological units.

An ecological unit of a seascape is defined by the biotic assemblages and the physical
features that influence their distribution [15], such as geoforms, substrates, depth ranges,
among others. These units are used as biodiversity surrogates that can be mapped and
sampled in detail in a specific region, circumventing the difficulty of mapping on a species-
by-species basis [16]. The ecological units maps are habitat maps that provide inventories
of ecological units, their extension and location, promoting future detailed research on
species composition and the monitoring of habitat changes [17]. The book Áreas Coralinas
de Colombia [18] describes 11 shallow ecological units (<30 m) on SAI, out of 20 units
described across Colombian Caribbean. In the ecological units map of San Andrés, the unit
Agaricia spp.–Mixed Corals seems to cover the deeper areas (20–30 m) along the western
side of the island, even extending to the slope area down to 50 m depth [18]. However,
nothing is explained regarding the methods used to extend that unit to the mesophotic
zone, but it seems that not enough sampling was done down to that depth, possibly due to
decompression management limitations typical of the open-circuit scuba diving they used.

Considering the studies mentioned before and the recent availability of a 3D bathy-
metric model that allowed the identification and mapping of the reef slope, and deep reef
terrace on SAI’s seabed, in this work we propose and delimit the MCE’s ecological units
along the western side of the island, through the ROV scanning of benthic composition
(substrate coverage and species abundance) of 30–140 m deep. The recognition of the MCE’s
ecological units on SAI constitutes a starting point to include the MCE in the national scene,
highlighting the urgent need to improve technological and financial capabilities to expand
knowledge, regulation, and management to encompass the entire coral ecosystem. This
study constitutes the first effort to recognize and map deep ecological units in Colombia,
being a pilot for exploration in other areas of interest.

2. Materials and Methods
2.1. Study Area

San Andrés Island is located between 12◦28′–12◦37′ N and 81◦39′–81◦45′ W in the
southwestern Caribbean ecoregion [19], about 700 km off the Colombian continental
coast [18]. The island is elongated in shape, and at 12 km long and 4 km wide [18] is
the largest island in the San Andrés, Providencia, and Santa Catalina archipelago, which is
an assembly of islands, cays, and banks inside the Sea Flower Biosphere Reserve established
in 2010. The eastern side of SAI is exposed to the prevailing winds and holds a well-studied
barrier reef [18]. On the western side (Leeward) the platform is narrow and ends abruptly,
falling almost vertically, such that the sea bottom deepens in several points more than
500 m very near to the coastline (Figure 1 [18]). This wall runs north–south along the island
and is home to recently described communities of octocorals, black corals, and sponges in
its upper zone [13].
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vehicle (ROV Eloy V) was carried out during September–October 2019. The ROV was 
equipped with three thrusters, a front high-definition digital video camera (Full HD/4K), 
high-output LED lights mounted on a tilt bar and 10 cm parallel lasers as a scale. The 
camera’s tilt angle pointed ~0° to view the vertical wall. The video recording has two op-
tions: (1) Full HD, and (2) low resolution allowing On-Screen Display (OSD) video overlay 
recording compass direction, ROV heading, and depth. 

Due to the size of the sampling area, a partition into seven sectors was made for field 
data collection. A minimum of three video transects perpendicular to the coast were made 
along a depth gradient in each sector and were named as G_number and E_number (Fig-
ure 2). The video transects were made with the ROV used as a drift-cam due to the lack of 
a USBL (underwater positioning system), with the boat drifting by wind force (when wind 
was blowing from the west) and the bow pointing to the coast (west). In cases of unfavor-
able wind, the video transects were made parallel to the coast, managing to conserve the 
ROV as much as possible in the same depth but covering vast stretches along the wall. 

Sites to make the transects were chosen based on the depth and topographic features 
of the bottom from the 3D bathymetric model, and according to weather conditions on the 
sampling date. The positioning of the video-transects was done from the surface, with the 
ROV remaining almost vertical under the boat, carefully controlling the tether length. In 
that way, when ROV reached the bottom or the wall at the desired depth and at a distance 
allowing for clear visualization of the substrate, the waypoint was logged in GPS and 
video recording started. The end of the transects was marked in GPS where the ROV 
stopped to emerge, according to the tether’s maximum length. Additionally, to improve 
the approximation from the surface to the real ROV path at the bottom (and positioning 
of video transects), the trajectory of the vessel was GPS tracked during the operation. The 
ROV diving data (e.g., site, start and end position and time, depth, direction, and length 
of the cable) for each video transect were entered in the field log. The videos were ana-
lyzed back at the office. 

To map each video transect the starting point and trajectory were represented in 
poly-lines using the ArcGIS 10.6 software [20]. Video transects on Sector 2 were named 
E_number for their location in the vicinity of the massive island sewage outfall (Figure 2). 

Figure 1. Location of San Andrés Island in the Caribbean Sea. The blue gradient is a bathymetric
representation of the sampled area along the leeward side of the island.

2.2. Data Acquisition

Considering the scarce biological information on the western side of SAI and the
potential of the area for MCE study (30–150 m), an exploration using a remotely operated
vehicle (ROV Eloy V) was carried out during September–October 2019. The ROV was
equipped with three thrusters, a front high-definition digital video camera (Full HD/4K),
high-output LED lights mounted on a tilt bar and 10 cm parallel lasers as a scale. The
camera’s tilt angle pointed ~0◦ to view the vertical wall. The video recording has two
options: (1) Full HD, and (2) low resolution allowing On-Screen Display (OSD) video
overlay recording compass direction, ROV heading, and depth.

Due to the size of the sampling area, a partition into seven sectors was made for
field data collection. A minimum of three video transects perpendicular to the coast were
made along a depth gradient in each sector and were named as G_number and E_number
(Figure 2). The video transects were made with the ROV used as a drift-cam due to the
lack of a USBL (underwater positioning system), with the boat drifting by wind force
(when wind was blowing from the west) and the bow pointing to the coast (west). In cases
of unfavorable wind, the video transects were made parallel to the coast, managing to
conserve the ROV as much as possible in the same depth but covering vast stretches along
the wall.

Sites to make the transects were chosen based on the depth and topographic features
of the bottom from the 3D bathymetric model, and according to weather conditions on the
sampling date. The positioning of the video-transects was done from the surface, with the
ROV remaining almost vertical under the boat, carefully controlling the tether length. In
that way, when ROV reached the bottom or the wall at the desired depth and at a distance
allowing for clear visualization of the substrate, the waypoint was logged in GPS and
video recording started. The end of the transects was marked in GPS where the ROV
stopped to emerge, according to the tether’s maximum length. Additionally, to improve
the approximation from the surface to the real ROV path at the bottom (and positioning of
video transects), the trajectory of the vessel was GPS tracked during the operation. The
ROV diving data (e.g., site, start and end position and time, depth, direction, and length of
the cable) for each video transect were entered in the field log. The videos were analyzed
back at the office.

To map each video transect the starting point and trajectory were represented in
poly-lines using the ArcGIS 10.6 software [20]. Video transects on Sector 2 were named
E_number for their location in the vicinity of the massive island sewage outfall (Figure 2).
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Figure 2. Location and name (G_number and E_number) of the video transects (red lines) made
along the western side of San Andrés Island, Colombian Caribbean.

2.3. Analysis of Biological Data
2.3.1. Image Analysis and Processing

To define benthic habitats, we used still images taken from the video transects with
the GOM player software, using 5 s as a timeframe to reduce autocorrelation between
images [21,22]. Images from the water column, from the ROV chassis, and ones that were
out of focus were omitted. Relevant information to define habitats was extracted from the
images and recorded in a matrix: ROV depth, geoforms (deep reef terrace, or slope reef), sub-
strate (e.g., sand, rock, patch reef), presence/absence of biota, compass direction, relief type
(flat or wavy), slope (Soft—0–30◦; Medium—30–60◦; Strong—>60◦, after Díaz et al. [18]),
and image quality (Impossible—no identification possible; Probable—there is a reliable
identification but with some reservation; True—there is certainty in identification).

For estimations of benthic coverage and species abundance, only still images with
an image quality of “True” were used. With the ImageJ software [23], a 0.1 m × 0.1 m
grid was established on every image using the laser pointers emitted by the ROV as a
reference. Afterward, we identified and recorded the objects under each one of 66 grid
intersections on a quadrant of 1 m × 0.5 m at the center of the grid (Figure 3). From this
data, the coverage (%) was estimated for encrusting organisms (e.g., hard corals, sponges,
algae) and abiotic substrate (e.g., rock, sand), and species abundance was calculated by
counting the organisms with three-dimensional growth (i.e., branched, tubular, among
others) such as octocorals, black corals, and sponges inside the quadrant.
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Figure 3. Quadrant of 1 m × 0.5 m established at the center of grid on the still images, which enclose
66 grid–points used for estimations of benthic coverage and OTUs abundance.

To enable the listing of the different objects seen in the quadrats (>1 cm), an initial
classification in OTUs (Operational Taxonomic Units) according to growth forms (erect,
encrusting) and main taxonomic groups (octocorals, black corals, sponges) was done.
Later, detailed analysis with experts of a number of images for every OTU allowed its
identification until the lowest possible taxonomic level.

2.3.2. Identification and Spatialization of Ecological Units

For the recognition of ecological units along the depth scope of the study (30–140 m),
we used 10 m intervals (ranks), starting around 30–50 m to 140 m deep, and calculated the
averages of benthic cover and OTUs abundance by depth rank in every transect (sampling
unit). To perform a combined analysis of benthic covers and OTUs counts, the averaged
data matrices were merged after standardization as follows (after [24,25]): coverage matrix
was 4th-root transformed and each entry divided by the sum of the matrix and multiplied
by 100; count matrix was square-root transformed, and each entry was divided by the sum
of the matrix and multiplied by 200.

To identify benthic assemblages and their association with the different depth ranks,
cluster analysis with group-averaged linkage was run on a Bray–Curtis similarity matrix
(After [26,27]) calculated from the combined matrix of benthic coverage and OTUs counts.
To recognize significant clusters (p < 0.01) and identify OTUs contributing to cluster for-
mation, SIMPROF and SIMPER routines (similarity profile [26]) of PRIMER (v.6) were
performed, respectively.

Two sequential runs of SIMPROF + SIMPER routines allowed the identification of the
most consistent clusters, which were those with 100% contribution of substrate components
(sand, rock), and clusters with >70% similarity and components sharing. In the second
run, the consistent clusters were excluded to identify new significant clusters (p < 0.01).
Those new clusters were then analyzed in a color matrix with different colors given to each
cluster (letter), which were then located in a matrix with video transects as columns and
depth rank as rows; therefore, every cell in the matrix represented an approximation to
spatial positioning of the sampling units in the reef wall/bottom. The matrix was filled cell-
by-cell with the color assigned to each group (letter) within the cluster analysis, allowing
us to visualize the spatial positioning of each formed group (i.e., with similar depth or
spatially close). Afterward, taking into account the groups and their cumulative percentage
contribution on the SIMPER, three sequential arrays were performed until we had a fairly
consistent color matrix, in which patches of cells with the same color instead of isolated cells
were seen. Those patches in the matrix represent the biotic assemblages or general seascape
features corresponding to the ecological units in a way that can be represented in a map.



Diversity 2022, 14, 679 6 of 15

To recognize spatial patterns defining the ecological units, two types of information
were employed: the color matrix of biotic units as a spatial representation of biotic as-
semblages and the geoforms inferred from the bathymetric model [28]. The overlap of
that information revealed trends in the distribution of the ecological units along the depth
gradient. In addition, the following criteria were used to fill gaps in the color matrix due to
the lack of biological information in unsampled areas (i.e., among transects):

1. Relief/geomorphological units: the seascape unit is delimited with the relief
information available; if it does not provide information that allows associating, the unit is
eliminated or generalized.

2. Generalization based on the trend of biota distribution on the depth ranks: depth
areas are generalized where the dominance of some units is evident.

3. Generalization by zone and depth: zones without a continuous pattern with depth
but with dominance of any ecological unit were generalized unto that unit.

4. Isolated cells in the color matrix: in isolated cells (row × column) where no
association pattern with depth or relief can be identified, the color code (group) was
replaced by the dominant color around (the one occupying more neighbors cells).

5. Video-transects: in the cells with a lack of benthic coverage information (cells in
black in Figures 4 and 5), the benthic composition at the landscape level was verified in
the videos to validate the correct assignment of the landscape unit by generalizing by the
dominance of neighboring cells.

1 
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Group Biological Assemblage with SIMPER Analysis Color  
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Biotic Unit 

A Abundance ERSP (OTU39) with patch reef and octocorals 
 Patch reef O Patch reef and sand  

W Patch reef 
C Scattered coral and sand 

 Scattered coral and 
sand P Sand and Scattered coral 

X Scattered coral 
F Abundance ERSP (Agelas sceptrum) with rocks and sand 

 Erect sponges with 
sand and rock J Abundance ERSP (Agelas spp.) with sand 

L Abundance ERSP (Aplysina archeri) with rock and sand 
B Abundance Gorgonians (Antillogorgia sp.) with rock and sand  

Octocorals and 
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E Abundance Gorgonians (cf. Nicella sp1.) with rock and sand  
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Figure 4. (A) SIMPROF analysis from the benthic composition in San Andrés. Significant clusters
(p < 0.01) used are illustrated in black, while groups that do not differ significantly are in grey. The
black boxes and the letters A–T highlight the groups formed with significant differences that were
used in the SIMPER analysis. (B) Color matrix with a different color for each of the 20 clusters
(from A–T). The four other groups (U–X) represent the categories with 100% similarity (sand, coral
pavement, scattered corals, and patch reef).
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Figure 5. Color matrix after the grouping process, considering the SIMPER results of Table 1 and the
union of different groups for the identification of biotic units.

Table 1. Biological assemblage of each group considering the SIMPER analysis (A–T). The letters U,
V, represent groups with 100% of coverage. Inside the parenthesis is the OTUs number of the species
that most contributed to the differences.

Group Biological Assemblage with SIMPER Analysis Color
Assigned Biotic Unit

A Abundance ERSP (OTU39) with patch reef and octocorals
Patch reefO Patch reef and sand

W Patch reef
C Scattered coral and sand

Scattered coral and sandP Sand and Scattered coral
X Scattered coral
F Abundance ERSP (Agelas sceptrum) with rocks and sand

Erect sponges with
sand and rock

J Abundance ERSP (Agelas spp.) with sand
L Abundance ERSP (Aplysina archeri) with rock and sand
B Abundance Gorgonians (Antillogorgia sp.) with rock and sand

Octocorals and
black corals with

rock and sand

D Rocks and sand
E Abundance Gorgonians (cf. Nicella sp1.) with rock and sand
G Abundance Black corals (Stichopathes sp.) with rock and sand
H Abundance Gorgonians (cf. Nicella sp2.) with rock and sand
K Abundance Gorgonians (Ellisella schmitti) with rock and sand

I Abundance ERSP (OTU49-OTU65) with green ENSP (OTU29)
with rocks and sand

Encrusting sponges
in rock and sand

M Encrusting sponges (OTU27, OTU28, OTU29) with sand
N Rocks, sand, and green encrusting sponge (OTU29)
Q Sand, rock, and green encrusting sponge (OTU29)
R Rock, sand, and green encrusting sponge (OTU29)
S Encrusting sponges (OTU19, OTU29, OTU36)
T Green encrusting sponge (OTU29) and rock
U Coral pavement Coral pavement
V Sand Sand

ERSP: Erect sponges. ENSP: Encrusting sponges.

The spatialization process employed the bathymetric 3D model [28], and isobaths
between 30–140 m generated with the Contour tool of ArcGis 10.6 software [20]. Likewise,
video transects were used to verify seascape features directly on the representation of the
terrain, employing the bathymetric and the shadow model of this side of the island [28].
Building the cartographic product involve manual editing of ecological units, starting from
the deeper ranks until the shallowest portions. In this way, a 2D cartographic layer from the
previously 3D model was created, to generate a 3D visual representation of the ecological
units on the western side of San Andrés. The map was built on the scale 1:50,000 covering
268.8 ha between 30 and 140 m deep, on which ecological units are represented with
different colors.
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3. Results
3.1. Community Analysis for the Mapping Process

In total, 27 vertical video transects from 30–147 m depth in the east-west direction and
3 horizontal video transects (G3 and G41) were performed from 27 November to 5 October,
on 14.5 km of coastline corresponding to the entire western side of San Andrés Island
(Figure 2). From the videos, 14 h were analyzed and 5742 still images were extracted, from
which 753 images were suitable to estimate benthic coverage and OTUs abundance data
(details in Supplementary material Table S1).

The image analysis led to the identification of 90 OTUs, including sponges, octocorals,
black corals, and scleractinian corals. In some images 30–60 m deep, detailed analysis
could not be done due to unfit ROV positioning; in such cases, the categories “patch reef”
(continuous coral reef-like structure) and “scattered corals” (small coral patches scattered
on sand bottom) were recorded with 100% coverage in the data matrix.

Two SIMPROF routines were done for community analysis. The first analysis identified
28 significant clusters (p < 0.01), three of them showed 100% similarity (constituted of a
single benthic category such as sand, rock, coral patch, among others), and were removed
prior to the second SIMPROF, which identified 20 significant clusters (Figure 4A). The
20 clusters obtained were categorized with letters A-T (black boxes, Figure 4A) and colors.
In order to visualize each sample of the groups considering their spatial location (stations)
and depth ranges, a matrix color was carried out positioning each sample in a cell and
colored according to the color of their group (Figure 4B).

Additionally, to recognize the OTUs contribution to the differences or similarities
between groups (from A to T) a SIMPER routine was done (Table 1). These results analyzed
with the color matrix allowed the integration of two or more groups considering compo-
nents that provided up to 70% similarity. To exemplify the process, the groups N, T, and Q,
were joined as they were mainly composed of OTU29 (green encrusting sponge) rock and
sand. Moreover, the groups C, P, X and A, O, W were united, as they were represented by
scattered corals with sand and higher proportions of the category “Patch reef”, respectively
(Table 1). This process was carried out several times until all the groups with similar
composition were united. For landscape mapping purposes the unions were considered as
the same group and re-colored (Table 1, Figure 5). These newly formed groups represent
the biotic units and were compared with geomorphological information for the definition
of the ecological units. These newly formed groups represent the biotic units and were
compared with geomorphological information for the ecological units definition.

The spatial information of the biotic units in the color matrix (Figure 5), reflected
spatial patterns and trends according to depth and geomorphology. The comparison
of the biotic and geomorphologic information (using 3D bathymetry model), led to the
identification of new zoning trends, such as patch reefs in the reef terrace, the sponges’
dominance in the deepest zones, or the conspicuous presence of octocorals and black corals
on the steep seascape (towards the south of the island). These zoning patterns and the
criteria used with the color matrix (explained in Section 2.3.2) aided in the recognition of
the ecological units and determined the layout of several boundaries between the units.

3.2. Mesophotic Ecological Units Map

Five ecological units of MCE were recognized on the 30–140 m deep interval covering
268.8 ha of the deep reef terrace and the reef slope along the western side of San Andrés
Island, which was represented in a 1:50,000 cartographic output (Figure 6): Bioturbed
sediments–calcareous algae, Octocoral–Mixed corals, Octocorals–Sponges, Octocorals–
Sponges–Antipatharians and Encrusting sponges. Defining ecological units involved
physical variables such as depth, type of substrate, slope, and relief, and that information is
given in the units description that follows:

• Bioturbed sediments-calcareous algae:
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Spanning around 62.6 ha, this unit represents areas coated by coral sand, without any
macroscopic sessile biota, giving a snowy appearance to the bottom (Figure 7A). On terrain,
this unit goes from 1 km north of El Cove (center of the study area) to the northern tip of the
island, in maximum depths up to 60 m, where large sand patches cover the deep reef terrace
(30–60 m deep) with gentle slopes (0–30◦) and flat relief. A few small sandy patches to the
south (Nirvana sector) share the attributes of this unit but were not represented on the map
due to scale issues. Some vagile biota as the Jolthead porgy Calamus bajonado and the Brown
garden eel Heteroconger longissimus can be seen. In some sectors to the north, a very fine
layer of sand barely covers the calcareous terrace, and nearby to the submarine emissary at
40–60 m deep the seafloor looks uncover, even of sand, being just exposed hard substrate
(coral pavement), without any evident accumulation of sand or conspicuous benthic biota.
Since it was not possible to differentiate between coral pavement and bioturbed sediment
environments, both are represented as the same unit Bioturbed sediments–calcareous algae.
Finally, at the north end of the study area (Box 1, Figure 6), the unit was represented as a
narrow strip on a second deep reef terrace at 90–110 m deep, where some accumulated
sediment and few sessile biota are found.
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• Octocorals–Mixed Corals:

Appears in the shallower part of the deep reef terrace between 30–60 m, in areas
with a gentle slope (0–30◦) and a flat to undulating relief (due to the three-dimensionality
provided by corals); it is located mainly to the north and encompass 14.8 ha of the sea
bottom. Depending on where located, this unit is either a continuation of the patch reefs
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from the upper adjacent terrace found shallower than 30 m deep or are isolated coral
patches growing deeper than the coral reef. This unit is characterized by the presence of big
octocoral colonies of the genera Antillogorgia, Eunicea, Plexaura, and Pseudoplexaura, among
small colonies of several scleractinian species with encrusting or plate growth-form such as
Agaricia, Montastraea, Porites, Orbicella, Pseudodiploria, Colpophyllia, among others (Figure 7B).
Tubular or barrel sponges of the genera Aplysina, Agelas, and Xestospongia, and massive or
encrusting sponges such as Plakortis or Ircinia are also found. Some whip or branched black
corals are present, mainly on Stichopathes, Plumapathes, and Antipathes genera. Macroalgae
are also abundant in this unit, being particularly conspicuous the genera Halimeda, Dyctiota,
and Lobophora.

• Octocorals–Sponges:

This is the most extensive unit with 88.2 ha, spanning along the entire west side of
the island on the shallow part of the MCEs (Figure 6), mostly restricted to the deep reef
terrace (30–60 m). The unit is found deeper at the north, from around 40 m to more than
60 m deep, and even around 90–100 m on a second deep terrace at a site named High Rock.
The unit is defined by the moderate presence of stony corals, soft corals, and sponges on a
calcareous sand bottom (Figure 7C). Substrate inclination is about 30–60◦ and relief is wavy.
Coralline sand is the predominant substrate among which scleractinian corals such as
Montastraea cavernosa (Linnaeus, 1767), Porites astreoides Lamarck, 1816, and the octocorals
Antillogorgia spp. and Eunicea spp. are found. Some sponges such as Xestospongia muta
(Schmidt, 1870), Monanchora arbuscula (Duchassaing & Michelotti, 1864), Cliona delitrix Pang,
1973, Agelas spp., Aplysina spp., and calcareous macroalgae on genus Halimeda are also present.

• Octocorals–Sponges–Antipatharians:

Located on the reef slope 50 to 140 m deep, from the center to the south of the island
(Figure 6), this unit spans around 45.4 ha on a steep relief with a ground angle greater than
60◦, where calcareous matrix (rock) is the predominant substrate as a wall with wavy relief
shaping projections in which small sand pits are found (Figure 7D). The most common
fauna on the unit is sea fans on genera Nicella and sea whips (Ellisella spp.) that stand out
by their abundance and sizes. Furthermore, black corals (antipatharians) in the genera
Stichopates, Antipathes, and Plumapathes are also common. Among the conspicuous sponges
are Aplysina, Agelas, Ircinia, Monanchora, as well as others.

• Encrusting sponges:

Associated with the reef slope 60–140 m deep, this unit spans around 57.8 ha from
the center to the south of the island (Figure 6). The slope is high (>60◦) and relief is
undulating. The substrate is calcareous matrix, and the main feature is the dominance of
encrusting sponges (yellow, orange, brown, and pink morphotypes), with the prevalence
of a lemon green morphotype in the entire depth gradient usually covering the lower
part of the rocky overhangs (Figure 7E). Along with this abundant sponge, some purple
and white cup corals (possibly Thalamophyllia riisei (Duchassaing & Michelotti, 1864) and
Phacelocyathus flos (Pourtalès, 1878), respectively) were observed, but their abundance and
cover were not enough to be considered an ecological unit by themselves. Other sessile
organisms such as sea fans and sea whips were also noted.

4. Discussion

Evaluation of biotic and abiotic components on the Mesophotic Coral Ecosystems
30–150 m deep at leeward (western side) of San Andrés Island, Colombian Caribbean,
shows the presence of five ecological units on two geoforms. In the deep reef terrace
(30–60 m) the units “Bioturbed sediments-calcareous algae”, “Octocoral-Mixed corals” and
“Octocorals-Sponges”; and on the reef slope (60–140 m) the units “Octocorals-Sponges-
Antipatharians” and “Encrusting sponges” were identified.

From the two geomorphological units shown here for SAI, the reef slope had been
described by Díaz et al. [18] as a vertical wall that extends up to more than 500 m. However,
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a recent unpublished report [28] establishes the bottom of the slope as around 357.3 m and
its beginning as about 60–70 m deep. Otherwise, the shallow reef terrace corresponds to the
upper and lower terraces (0–22 m deep) described by Díaz et al. [18] as the substrate har-
boring the most diverse and dense sessile fauna of the coral complex, but also corresponds
to the deep terrace (15–20 m deep) described by Díaz et al. [29]. The area that follows in
depth after the shallow terrace, described by Díaz et al. [18] as a “step or truncation covered
with sediments” that form at 35–40 m deep, was here considered as a deep reef-terrace
extending to almost 60 m deep (according to the 3D model), with a significant presence of
coral patches surrounded by sediment.

Our results suggest that some ecological units described by Díaz et al. [18] for shallow
areas of coral reefs in Colombia can be extended to Mesophotic Coral Ecosystems, in some
cases with variations in species composition, but without extreme differences that demands
description of new units. For example, we find the units “Octocorals-Mixed Corals” and
“Bioturbed Sediments-Calcareous Algae” by Díaz et al. [18] useful to describe and map
the MCE habitats in the deepest pre-reef terrace. This unit extends south to north along
the east side of the island. However, a main difference in this unit among shallow waters
(<25 m) and on the deep terrace (30–60 m) is its discontinuity on the latter, mainly in the
north and center of the study area (Figure 6, unit red on the map).

In contrast, in the ecological unit’s map of SAI produced by Díaz et al. [18] the unit
“Agaricia spp.-Mixed corals” is presented as a continuous strip surrounding all the coral
formation “more than 45–50 m deep”. Their description of this unit implies the significant
presence of “several species of the genus Agaricia and some massive species such as
Montastraea franksi, M. cavernosa and Mycetophyllia spp.”, which was not seen by us. That
work lacks a detailed description of methods used for the polygons built and the coordinates
of sampling sites, but considering the date and type of sampling we can suppose they must
have been seriously limited by diving capabilities. Our ROV sampling allowed us to have
a wider view of the seascape in the deep, as videos of Scattered Coral Patches, which when
analyzed together with biodiversity information by Chasqui et al. [13] reveals a significant
presence of large octocorals among very scattered scleractinian colonies, leading us to
reconsider the definition and spatial representation of the unit. As a result, the spatial
representation of ecological units offered here shows the units “Octocorals-Mixed corals”
and “Octocoral-Sponges” represented as strips width variable running discontinuously
along the western side of SAI from 30 to around 60 m deep, with the last one reaching even
up to 90 m deep in one site.

The last ecological unit included here, Bioturbed sediments–calcareous algae (yellow
in Figure 6), corresponds in both description and location to previous reports [18]. However,
this study expands its distribution to a greater bathymetric range. Similarly, the descrip-
tion and location of two new ecological units 60–140 m deep (i.e., Octocorals–Sponges–
Antipatharians, and Encrusting sponges) allows the recognition of new mesophotic habitats,
which in turn can include more detailed ecological units, some of which resemble in compo-
sition the biodiversity described on the southeast slope of the island [11]. The recognition
of new habitats will allow future exploration with intensive sampling and different method-
ologies to expand its knowledge, as a basis for the design and implementation of MCE
monitoring programs [16].

The composition of ecological units described here, especially Octocorals—Sponges-
Antipatharians, and the geomorphology on the western side of San Andrés Island, are
very similar to other areas on Caribbean and the Western Atlantic. Considering the shape
and composition features of the MCEs in Cuba, and the exhaustive review on the topic
for Bahamas, Jamaica, and Belize by Reed et al. [30], we conclude the slope of San Andrés
Island coincides (at level of large taxonomic groups) with other deep coral reef walls along
the Caribbean. In general, the slope biota is composed mainly of sponges (e.g., Xestospongia,
Agelas, and several fouling sponges), octocorals (e.g., Ellisella, Nicella), black corals (e.g.,
Stichopathes, Antipathes, among others), algae (e.g., Halimeda spp.), and a few scleractinian
corals (Agaricia spp.). It is interesting that coral walls between 50–125 m in Cuba showed
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the greatest diversity and abundance of the benthic macrofauna seen in deep reefs, and that
most species were reported up to 150 m deep [31]. In San Andrés Island, a similar pattern
was found in terms of diversity and abundance, commonly found up to 100–110 m, and only
towards the south of the island was it possible to find this unit extended up to 140 m deep.

The scleractinian corals on the slope were mainly isolated platy colonies of Agaricia
species (A. grahamae, A. undata, and A. lamarcki) growing as a roof or pagoda shape, seen up
to a maximum depth of 70–80 m and most frequently towards thew south, where the slope is
more tilted (>50◦). These sightings suggest the presence of the ecological unit Agaricia spp.–
Mixed corals, previously noted by Chasqui et al. [13] from 50 to 70 m deep around The
Nirvana diving site. The presence of such platy corals in the shallowest areas of the coral
reef slopes seems common throughout the Caribbean [30–32]; however, the sampling effort
here did not allow the recognition and mapping of this unit on the western side of San
Andrés Island, possibly due to the fact that platy-like habitat patches are small and located
in an unsampled sector of the reef, being unnoticeable in the pre-established mapping scale.
Later studies on a finer spatial scale may allow the recognition of new ecological units and
show more detailed composition of the island’s mesophotic environments.

The composition of the ecological units on the deep terrace on SAI, especially the
Octocorals–Mixed Corals unit (30–60 m deep), coincides with previous reports in Puerto
Rico [32], Cuba [31] and other areas, such as in the Gulf of Mexico [30]. In this ecological
unit, the structuring and habitat-forming species are represented by the scleractinian corals
Agaricia spp., Montastraea cavernosa (generally in plate-shape), or Porites astreoides. Other
typical fauna of the upper mesophotic zones includes several species of octocorals, sponges,
black corals, and algae.

Although mapping 268.8 hectares of MCEs on San Andrés Island represents a great
advance in the knowledge of this marine environments for the country, future explorations
in MCEs in other locations and towards deeper environments (>140 m) will allow the
recognition of habitats with special ecological importance. For example, deep reef banks
dominated by ahermatypic corals such as Madracis myriaster (Milne Edwards & Haime,
1850) have been previously reported in the continental platform of Colombia [33], but
detailed description of these environments is lacking for this region. In other Caribbean
locations such as Cuba, those ecosystems have been found as well, at 125–150 m deep [30].
Furthermore, explorations with detailed samplings and focused on accurately characteriz-
ing each ecological unit could allow the establishment of ecological units at the biotopes
level, that facilitate the identification and location of vulnerable species or habitats [15,34,35].
Future works needs to consider the samplings with methodologies and equipment allowing
the collection of biological samples, essentially to achieve identification to species level,
and built a more realistic idea of the biodiversity on the mesophotic environments of the
country. Finally, the identification, establishment, and mapping of mesophotic ecological
units on the western side of San Andrés Island represent the first advance in the country,
and Southern Caribbean, on mapping benthic habitats in this depth scope. Since habitat
maps are fundamental tools for monitoring and conservation on Marine Protected Areas,
we hope the results offered here can be useful to a most integral management of the coral
ecosystems in the Seaflower Biosphere Reserve, including mesophotic coral ecosystems for
the first time.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d14080679/s1, Table S1: General information of the 30 video-
transects taken by the ROV Eloy V on the western side of San Andrés Island. Video-transects marked
with an asterisk (*) were not taken into account during the image analysis and processing.
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