3 frontiers ‘ Frontiers in Marine Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Pedro A. Ribeiro,
University of Bergen, Norway

REVIEWED BY
lvan Hernandez-Avila,

Universidad Autonoma del Carmen,
Mexico

Diogo Antonio Tschoeke,

Federal University of Rio de Janeiro,
Brazil

*CORRESPONDENCE
Cristina Cedefio-Posso
cristina.cedeno@invemar.org.co

SPECIALTY SECTION

This article was submitted to
Deep-Sea Environments and Ecology,
a section of the journal

Frontiers in Marine Science

RECEIVED 15 July 2022
ACCEPTED 14 October 2022
PUBLISHED 15 November 2022

CITATION
Cedefio-Posso C, Vides-Casado M,
Rocha V, Borrero-Pérez GH, Polanco
F A and Alonso D (2022) Benthic
macrohabitat classification and
Madracis spp. coral patch distribution
in a deep-sea marine protected area
of Colombia.

Front. Mar. Sci. 9:995419.

doi: 10.3389/fmars.2022.995419

COPYRIGHT

© 2022 Cedefio-Posso, Vides-Casado,
Rocha, Borrero-Pérez, Polanco F and
Alonso. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Marine Science

TYPE Brief Research Report
PUBLISHED 15 November 2022
poI10.3389/fmars.2022.995419

Benthic macrohabitat
classification and Madracis spp.
coral patch distribution in a
deep-sea marine protected area
of Colombia

Cristina Cedefio-Posso*, Martha Vides-Casado, Venus Rocha,
Giomar H. Borrero-Pérez, Andrea Polanco F. and David Alonso

Marine and Coastal Research Institute, INVEMAR, Santa Marta, Colombia

Corales de Profundidad National Natural Park (CPNNP), at the central
Colombian Caribbean margin, has an extension of 142.195 ha with depths
ranging from 34 to 1,234 m. The CPNNP's essential ecological value is Madracis
spp. as potential structure-forming deep-water coral; this work represents the
first footages of these unique habitats for the Colombian Caribbean. In 11
sectors, remote video surveys are conducted, based on a detailed digital
elevation model. From these sectors, four cover mesophotic zones (46—
169m depth), and seven cover aphotic zones (up to 354m depth). After still
images’ description and interpretation, a guide was generated with nine types
of macrohabitats surrounding the coral formations of the CPNNP: soft
substrate (mud/sand), soft substrate/rubble/rock with solitary corals, coral
and shell rubble, rock/ledges with attached fauna, rugged stones with
attached fauna, hard substrate with attached fauna, sandstone with attached
fauna, soft substrate with burrows, and pockmark with attached fauna. Video
transect analysis confirms the occurrence of Madracis spp., with coral patches
as the main framework builder of the CPNNP. These patches comprise many
clumped 50 to 80 cm high coral colonies that developed over slow slopes, with
seafloor elevations between 107 and 233 m and textured soils of soft and not
very compact ridges, associated with the macrohabitat sandstone with
attached fauna. This information is being used for the management and
monitoring of this unique protected area.
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1 Introduction

The major deep-sea habitats or megahabitats according to
Roberts et al. (2009) have dimensions of kilometers, like the
abyssal plains, mid-ocean ridges, hydrothermal vents, trenches,
and the ones located in the continental margins that include
sedimentary slopes, submarine canyons, cold seeps, mud
volcanoes, pockmarks, and oxygen minimum zones (Ramirez-
Llodra, 2020). Some of them have already been described in
different regions for the Colombian continental margin, such as
cold seeps (Gracia and Ardila, 2010; Gracia et al.,, 2011; Digby
et al., 2016; Cosel and Gracia, 2018; Duenas et al., 2021). On
another scale are macrohabitats, defined as 1 to 10 m, including
soft bottoms, rocky outcrops, biogenic habitats such as sponges,
coral carbonate mounds, and cold-water corals (Roberts et al.,
2009). Adding to the above, three-dimensional structures of
cheilostome bryozoans have also been recognized as essential
bio-builders, providing structures and spaces for the
establishment of other organisms (Florez-Romero et al., 2007).

Cold-water corals are nowadays known to be almost globally
distributed (Levin et al., 2019), and despite having evidence of 18
deep-sea azooxanthellate corals in the Colombian Caribbean,
based on the material collected by the R/V Albatross, RIV
Oregon in the 1960s, and R/V Pillsbury in 1972 campaigns
(Cairns, 1979; Reyes et al., 2009), it was not until the years
1998 and 2002 that the presence of coral banks in the Colombian
Caribbean became evident (Reyes et al., 2005; Florez and
Santodomingo, 2010). The collection of species of cup corals
and other azooxanthellate corals along three sites in the
Colombian Caribbean was the result of systematic bottom
trawl surveys, between 20 and 520 m depth, conducted by
INVEMAR researchers on “Macrofauna” cruises (1998-2002)
(Reyes et al., 2005; Santodomingo et al., 2007; Santodomingo
et al.,, 2013). One of those findings, in the San Bernando locality,
across the Sintt Accretionary Prism offshore Colombia (Vinnels
et al,, 2010) triggered the designation of the Corales de
Profundidad National Natural Park (CPNNP) in 2013
(Category II—IUCN), becoming the first Colombian
underwater marine National Natural Park aiming to conserve
the deep-sea coral formations, especially Madracis spp., as a
primary habitat-forming species (Alonso et al., 2015; Alonso
et al,, 2021). The Park covers an extension of 142.195 ha with
depths ranging from 34 to 1,234 m.

Mapping marine habitats makes it possible to visualize their
spatial distribution and the quality and quantity of deep-sea
resources, with the ultimate goal of generating a better
understanding of the environment and thus having inputs for
management, planning, policy, and research, in support of
conservation and sustainable development. To describe and
define the extent of CPNNP’s benthic macrohabitats, scientific
exploration was carried out in 2015, with the mission of
conducting a non-disturbing video sampling. The collection of
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biological information was done through video surveys with a
remotely operated vehicle (ROV), which made it possible to
cover a large area in less time and to incorporate more
information about the area that could complement the
collections carried out between 1998 and 2002. In this work,
we address the variation of macrohabitats in the CPNNP and
their variability between mesophotic and aphotic environments
and discuss the distribution of Madracis spp. coral patches in the
National Natural Park.

2 Materials and methods
2.1 Data acquisition and processing

Expedition PNN Corales de Profundidad was conducted
aboard the R/V Los Angeles between 6 and 18 October 2015.
The first step was to select the sectors that were evaluated; this
was done taking into account the analysis performed with a
digital elevation model and resolution of 10 m per pixel,
obtained from the bathymetric data collected in a campaign
performed by the Maritime General Directorate (DIMAR)
(Morales et al., 2017) and the collection of information from
the study area (Reyes et al., 2005; Santodomingo et al., 2007;
Santodomingo et al., 2013). Eleven sectors (S) were chosen,
which cover nine geoforms to make video surveys with an ROV
Diavolo II (E384-E394) (Figure 1A and Supplementary
Table S1).

ROV linear video transects were made at each sector, in
water depths between 46 and 354 m, to characterize qualitatively
the benthic macrohabitats and their associated macrobiota and
fishes. The equipment had a front camera (%" CCD 380 I TV-
lines, 0.1 Lux/F = 1.2) pointed ~30° to view near the bottom and
far the horizon, with 10 cm parallel lasers for scale. Positioning
was estimated using an underwater acoustic positioning method
like an ultra-short baseline (USBL) mounted on the vehicle,
which gave a geographic position every 30 s approximately. In
each sector, ROV dives ranged from 1 to 4 h in length, covering
approximately length 1 km (0.54 nm), sometimes doubling the
time when necessary depending on the benthic complexity. The
ROV tracks (navigation data like coordinates and depth) were
projected to UTM Zone 18N using the Geographic Information
System ArcGIS 10.3.1 software.

2.2 Video analysis

During the video analysis with the GOM player program,
still images (photogram) were taken every minute (JPEG)
(reducing autocorrelation between the same video transect)
(Henry et al., 2014; Howell et al., 2014). Blurred or dark video
and images out of focus were excluded; if the camera has risen
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FIGURE 1

Study areas and sectors (S) where video transects were carried out; black dots are the location of Madracis spp. coral patch occurrences
obtained from the analysis of the ROV video transects. (A) Slope map. (B) Rugosity. (C) Morphological units. (D) Aspect map. The background
image shows the area of the Corales de Profundidad National Natural Park in the Colombian Caribbean. ROV, remotely operated vehicle.
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too high from the background to identify the macrohabitat
type, the photogram was recorded as undetermined (N/A).
Each photogram had an on-screen display (OSD) with ROV
heading and depth; this information was entered in a
Microsoft Excel spreadsheet file, in which the observation of
the macrohabitat or associated macrobiota was included.

Macrohabitats defined as 1 to 10 m in scale, according
to Roberts et al. (2009), were classified and modified, in
each photogram, taking into account the classification of deep-
sea macrohabitats by Southeastern United States Deep-Sea Corals
(SEADESC) developed by the National Oceanic and Atmospheric
Administration (NOAA) Deep-Sea Coral Program (Partyka et al,
2007), which is based on the classification of deep-sea habitats by
Greene et al. (1999) (Cedefio-Posso et al., 2015).

The observed macrobiota occurring during the video
analysis were identifled and separated into broad groups,
according to Collaborative and Annotation Tools for Analysis
of Marine Imagery and video (CATAMI), based on a taxonomic
and morphological hierarchy (CATAMI Technical Working
Group, 2014; Althaus et al., 2015). The identification at the
lowest possible taxa was carried out by the group’s taxonomist,
from the Museum of Marine Natural History of Colombia-
Makuriwa, only if the diagnostic characteristics of the species are
visible and distinguishable in the photogram (Hill and
Wilkinson, 2004). Some macrobiota were identified as genera
or species, based on morphology and consulting with experts
(see Acknowledgments), but many could only be identified to a
higher taxonomic level such as family, order, or even class. Other
cases, such as Echinoderms, were identified based on the samples
collected in 1998 and 2002.

2.3 Madracis spp. macrohabitat
characterization

To establish the distribution of Madracis spp. complex
(Madracis myriaster, Madracis asperula, and Madracis
brueggemanni) (Santodomingo et al., 2007) along the 11
sectors surveyed on the CPNNP, during the video analysis,
every time Madracis spp. coral colony or patch was visualized
in the video transects, time was recorded, and thus, its position
was later on established. The use of an underwater acoustic
positioning method (USBL) during the recording of the images
allowed the positioning of the video transects. This information
was recorded in the same initial Microsoft Excel spreadsheet file
and incorporated into the ROV video tracks to relate them to
geographic position and depth. Substratum type was the only
environmental variable determined from the ROV video
transects and was classified into four classes: mud/sand, coral-
shell rubble, rock/ledges, and sandstone. Terrain variables were
derived from the digital elevation model (resolution of 10 m per
pixel) to help support the analysis of the characterization of the
coral patches.
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3 Results

3.1 Classification of benthic
macrohabitats

A total of 14 ROV dives were surveyed in 11 sectors; 35.9 h
of video was recorded, and 1,215 photograms were analyzed.
Nine benthic macrohabitat classifications were established for
the area and defined as follows: A) soft substrate (mud/sand), B)
soft substrate/rubble/rock with solitary corals, C) coral and shell
rubble, D) rock/ledges with attached fauna, E) rugged stones
with attached fauna, F) hard substrate with attached fauna, G)
sandstone with attached fauna, H) soft substrate with burrows,
and I) pockmark with attached fauna) (Figure 2).

3.1.1 Soft substrate (mud/sand)

Homogeneous, unconsolidated, and not colonized habitats
(Figure 2A), present in eight of the eleven sampling sectors of
the CPNNP. Sector 4 (Frijol or Bart Bank, low part on
the platform), Sector 2 (elongated hill), Sector 3 (slope),
Sector 5 (Angeles channel), Sector 6 (continental shelf), Sector
8 (shelf-break scarp), Sector 9 (shelf-break scarp), and Sector 11
(platform with pockmarks). Five taxa were identified associated
with this macrohabitat belonging to three phyla: Echinodermata
with ophiuroids, Arthropoda with squat lobsters from the family
Munididae, and fishes from the families Serranidae, Lutjanidae,
and Carangidae (Supplementary Table S2).

3.1.2 Soft substrate/rubble/rock with solitary
corals

Homogeneous habitat, with either rubble or rock colonized
by solitary corals (Figure 2B). Present in three sampling sectors:
Sector 8 (shelf-break scarp), Sector 9 (shelf-break scarp), and
Sector 11 (platform with pockmarks). Sixteen taxa were
identified in this macrohabitat from four phyla: Cnidaria with
scleractinians like cup corals from the families Cariophylliidae,
Dendrophylliidae, and Flabelliidae and Madracis spp complex.
Octocorals and antipatharians, one echinoderm belonging to the
class Crinoidea, Democrinus cf. conifer, arthropods like crabs,
hermit crabs, arrow crabs, and fishes from the families
Priacanthidae and Carangidae (Supplementary Table S2).

3.1.3 Coral and shell rubble

Unconsolidated habitat, formed by broken pieces of rock,
corals, or shells; can be colonized by bas-relief macrofauna
(Figure 2C). Present in two sampling sectors of the CPNNP:
Sector 7 (trough and hills) and Sector 8 (shelf-break scarp). Eight
taxa were identified in this macrohabitat from three phyla:
Cnidaria with various types of octocorals and cup corals, some
echinoderms belonging to Crinoidea and Echinoidea classes
(Figure 3G), from the orders Comatulida (possibly several
species) and Clypeaster euclastus (order Clypeasteroida), and
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Deep-sea macrohabitats from the Corales de Profundidad National Natural Park (Modified from Partyka et al., 2007). (A) Soft substrate (mud/
sand). (B) Soft substrate/rubble/rock with solitary corals. (C) Coral and shell rubble. (D) Rock/ledges with attached fauna. (E) Rugged stones with
attached fauna. (F) Hard substrate with attached fauna. (G) Sandstone with attached fauna. (H) Soft substrate with burrows. (I) Pockmark with

attached fauna

the Carangidae fish Seriola rivoliana (Figure 3L and
Supplementary Table S2).

3.1.4 Rock/ledges with attached
fauna

Heterogeneous habitat composed of soft terrain interrupted
by large rocks or boulders colonized by macrofauna, usually
sponges and octocorals (Figure 2D). Present in four sampling
sectors of the CPNNP: Sector 1 (Calamari Bank, on the slope),
Sector 2 (summit of the elongated hill), Sector 6 (continental
shelf), and Sector 8 (shelf-break scarp). Twenty-seven taxa were
identified in this macrohabitat from four phyla: Cnidaria with
representatives from five orders Anthoathecata, Actiniaria,
Scleractinia, Alcyonacea, and Antipatharia; echinoderms from
the classes Crinoidea (order Comatulida), Asteroidea (one
unidentified species), Ophiuroidea (orders Ophiacanthida and
Ophiurida), and Echinoidea (order Arbacioida); and fishes from
the families Holocentridae, Carangidae, Chaetodontidae,
Serranidae, Gerreidae, Pomacanthidae, and Scorpaenidae. It is
necessary to highlight the presence of the glass sponges, Class
Hexactinellida (Figure 2C), at depths between 309.6 and 325 m
(Supplementary Table S2).

Frontiers in Marine Science

3.1.5 Rugged stones with attached fauna
Heterogeneous soft substrate or gravel and hard bottom
habitat areas colonized by macrofauna, mainly sponges and
octocorals (Figure 2E). Present in three sampling sectors of the
CPNNP: Sector 8 (shelf-break scarp), Sector 10 (trough), and
Sector 11 (platform with pockmarks). Twenty-two taxa from five
phyla were identified in this macrohabitat: Cnidaria with
representatives of four orders Anthoathecata, Scleractinia,
Alcyonacea, and Antipatharia; echinoderms from the class
Crinoidea (order Comatulida); sponges from the orders
Agelasida, Tetractinellida, Dictyoceratida, and Haplosclerida;
and fishes from the families Holocentridae, Carangidae,
Chaetodontidae, and Priacanthidae (Supplementary Table S2).

3.1.6 Sandstone with attached fauna
Unconsolidated pavement colonized by macrofauna habitat
(such as corals or anemones) (Figure 2F) present in five sampling
sectors: Sector 3 (slope), Sector 6 (continental shelf), Sector 8 (shelf-
break scarp), Sector 9 (shelf-break scarp), and Sector 10 (trough).
Twenty-eight taxa from five phyla were identified in this
macrohabitat: Cnidaria with representatives from six orders
Spirularia (ceriantarians), Actiniaria (anemones), Alcyonacea,
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FIGURE 3

Example of the fauna found in the Corales de Profundidad National Natural Park (CPNNP). (A) Agaricia sp.; Lobophora variegata and Stegastes
partitus. (B) Halimeda copiosa. (C) Glass sponges and Comatulida spp. 2. (D) Ceriantheopsis sp. (E, F) Liponema spp. (G) Araeosoma cf.
fenestratum. (H) Comatulida spp. 2 and Ophiacanthida sp. (I) Nemaster grandis. (J) Percophidae, Bembrops sp. (K) Epinephelus sp. (L)

Seriola rivoliana.

Pennatulacea, Antipatharia, and Scleractinia, with Madracis spp. as
the framework builder coral; echinoderms from the classes
Crinoidea (order Comatulida), Ophiuroidea (order Euryalida),
and Echinoidea (orders Echinothurioida and Clypeasteroida);
sponges such as Xestospongia muta and Agelasida specimens;
arthropods such as Brachyura crabs; and fishes from the families
Chlorophthalmidae, Synodontidae, Caproidae, Carangidae,
Serranidae, Sciaenidae, Polymixiidae, and Scorpaenidae
(Supplementary Table S2).

3.1.7 Hard substrate with attached
fauna

Homogeneous, consolidated, and mainly flat habitat,
colonized by calcareous and fleshy algae and other encrusting
fauna (Figure 2G). Present in three sampling sectors: Sector 1
(Calamari Bank, between 65 and 71 m), Sector 4 (Frijol or Bart
Bank, between 48 and 51 m), and Sector 7 (trough and hills,
between 86 and 112 m). Twenty-five taxa from five phyla were
identified along this macrohabitat: Cnidaria with representatives
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from four orders Anthoathecata, Scleractinia, Alcyonacea, and
Antipatharia; echinoderms from Crinoidea class (Nemaster
grandis); sponges from the orders Agelasidae, Aplysinidae, and
Petrosiidae; and fishes from the families Acanthuridae,
Carangidae, Chaetodontidae, Pomacanthidae, Sphyraenidae,
Pomacentridae, Scorpaenidae, Monacanthidae, and Balistidae.
It is the only macrohabitat with the presence of Halimeda
copiosa and Lobophora variegata macroalgae, located at the
mesophotic zones between 48.5 and 51.9 m (Supplementary
Table S2).

3.1.8 Soft substrate with burrows

Unconsolidated habitat with bottom depressions easily
identifiable, some of which could be produced by a variety of
fishes; sometimes, it was possible to observe fish inhabiting them
(Figure 2H). Present in two sampling sectors: Sector 5 (Angeles
channel) and Sector 11 (platform with pockmarks). In this
macrohabitat, the only organism possible to be identified is the
fish S. rivoliana (Supplementary Table S2).
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3.1.9 Pockmark with attached fauna

Loose sediment habitat with one or more sinks colonized by
macrofauna (sponges and corals) (Figure 2I). Present in two
sampling sectors of the CPNNP: Sector 8 (shelf-break scarp) and
Sector 9 (shelf-break scarp). Only two phyla were identified in
this macrohabitat: octocorals (Cnidaria) and echinoderms from
the Crinoidea class (order Comatulida) (Supplementary
Table S2).

The biotic assemblage of the 11 sectors of the Corales
de Profundidad National Natural Park, comprised 88
taxa, including algae, sponges, hydrozoans, anthozoans,
echinoderms, and fishes (Supplementary Table S2). Corales de
Profundidad NNP brings together mesophotic environments
ranging from 30 to 150 m depth, and aphotic from 150 to the
abyssal zone (Rocha et al., 2018; Denis et al., 2019). No large
deep-sea coral formation was observed other than hard and soft
substrates covered with macrofauna. The macrohabitats with the
highest richness are the rocky ones (rock/ledges with attached
fauna, rugged stones with attached fauna, and hard substrate
with attached fauna).

3.2 Madracis spp. coral patch distribution

Linear extension of the video transects mapping effort
totaled 32.4 km measured in a GIS of which 67% was mud/

10.3389/fmars.2022.995419

sand, 15% rock/ledges, 15% sandstone, and 4% coral-shell
rubble. The video transects analysis confirms the occurrence of
Madracis spp. as the framework builder of the CPNNP. These
patches (observed on 101 photograms of 1,215) are associated
with the macrohabitat sandstone with attached fauna (Figure 4).

Combining bathymetry, the digital elevation model
derivatives, and the geomorphological unit’s map (Morales
et al,, 2017) (Figure 1) with ground-truthing from video
transects has proven to be particularly efficient in showing the
distribution of the Madracis spp. coral patches. Terrain variables
allowed the association of the patches with three morphological
units: shelf-break scarp (112 and 232 m depth), continental shelf
(107 and 169 m), and channel/canyon between 197 and 233 m
depth (Figure 1C). Occurrences could not be related to a
particular steepness of the terrain (ranging from 0° to 23°).
However, 44% of the occurrences were associated with a low
slope, while 31% and 21% of the points belong to a medium and
a flat terrain. Only 2% were observed on a high slope
(Figure 1D). The spatial scale of the estimation of rugosity
failed to aid the assessment of the topographic structural
complexity of the area (Figure 1B).

Maderacis spp. coral patches were identified in five sectors: in
Sector 10, small and scattered colonies were recorded over a
mud/sand located on the north escarp of the Frijol or Bart1 Bank
at 169 m depth. In Sector 4, 20 cm high colonies were observed
between 163 and 167 m depth, scattered on mud/sand substrate.

Sector 8

Jw Madracis spp.
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SECTOR 8A igﬁ lﬁﬁ ;!ﬁ ’ A
Sart YT 0 100

. F :Ef FBE F B F S A ABF [l
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FIGURE 4
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Distribution of the macrohabitats identified in Sectors 8 and 9 of the Corales de Profundidad National Natural Park; area superimposed on the
3D bathymetry map. The occurrence of Madracis spp. coral patches is also shown.
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In Sector 6, the patches were recorded at depths between 197 and
233 m, on mud/sand substrate (Supplementary Figures S3-S5).
In Sectors 8A, extensive and dense Madracis spp. patches of
approximately 50-80 cm high were recorded on mud/sand
substrate between 118 and 197 m depth (Figure 4), and in
Sectors 8B and 9A, small and scattered colonies were recorded
on the soft bottom 107 and 230 m depths (Figure 4).

Although several attempts were made to generate a suitable
habitat mapping for the coral patches, the environmental data
available for the area lacked the spatial resolution needed to have
an accurate model map.

4 Discussion

The mesophotic zones, of the Corales de Profundidad
National Natural Park, range from 46 up to 169 m depth;
aphotic ranges from 108 to 354 m depth (the deepest ROV
video transect). The overlap in depths between these zones and
the changes in their community structure is driven by the light
penetration conditions in each sector, as suggested by Tamir
et al. (2019), and by environmental and ecological drivers that
vary from sector to sector (Castellan et al., 2022).

The mesophotic zones distribute between the summits of
two banks and two hills of diapir origin (Morales et al., 2017) on
Sectors 1, 4, and 7; these elevations are characterized by hard
substrate and rocky macrohabitats (Figures 2D, E, G). This
characteristic provides an adequate environment for rhodolites
(calcareous red algae) and gravel with high algae cover, such as
L. variegata and H. copiosa (Figures 3A, B). It also supports the
settlement of sessile macrofauna (plate corals, octocorals, and
sponges), like large barrel sponges (X. muta), and erect sponges
(Aplysina cauliformis). The other mesophotic sector, Sector 11, is
a zone of the less consolidated bottom, with the presence of some
large rocks, which also serve as an aggregation structure for
organisms. The fact that more varieties of fish and invertebrates
are observed in the mesophotic sectors is explained by the fact
that in areas of hard substrate where there is no presence of
massive reefs, the microhabitats that form between the small
rocks and rhodoliths serve as a refuge for lower organisms; the
ichthyofauna is reduced to small demersal fish and a reduced
range of demersal predators such as crossbows and barracudas
(Garcia-Sais et al., 2011).

The aphotic zones correspond to one hill, one channel, and
an escarpment and basin (Morales et al., 2017). These last two
occupy a large section of the sampled platform where the soft
substrate macrohabitats (Figures 2A, B, F, H) are constant.
Solitary fauna inhabits these macrohabitats dominated by
crinoids (sea lilies) and cnidarians (cup corals, sea fans, whip
corals, black corals, anemones, tube anemones, and sea feathers).
Hard coral Madracis spp. complex is the most representative.
Sponges are among the most critical structural elements of the
CPNNP, providing a refuge habitat for mobile fish and
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invertebrates, very like to what occurs on the continental shelf
of Puerto Rico (Lutz and Ginsburg, 2007). The fish fauna in soft
substrates is composed of lizardfishes (Synodontidae), squirrel
fishes (Holocentridae), and butterflyfishes (Chaetodontidae),
among other demersal dwellers. It is relevant to remark on the
observation of some individuals of deeper groups as the
polymixides and caproids being some of the groups with
representative species found as more abundant in the
community structure of the deep-sea fishes in the Central
Caribbean (Benavides-Morera and Campos-Calderon, 2019)
and duckbills (Percophidae) (Figure 3J) with some quick
appearances of active swimmers predators in front of the
camera like jacks and groupers (Figures 3K, L).

Deep-sea macrohabitats (mesophotic or aphotic) with hard
substrata components hold the highest richness of fauna
observed; species richness is related to the heterogeneity of the
seabed that offers shelter and resources obtained from the
community of sessile organisms with different attachment
mechanisms (Vertino et al., 2010). For example, cold-water
corals, gorgonians (excluding Isididae), black corals, and
sponges need hard substrates to be attached and are sensitive
to sedimentation. Bamboo corals have branched root-like
structures to anchor themselves in muddy bottoms.
Pennatulids use a basal bulb that swells when buried in the
sediment (De la Torriente et al., 2018). Echinoderms such as
Comatulida spp. include both types of species, inhabiting large
rocks and located near the bottom (Figures 3C, H, I).

The presence of demersal predators such as jacks, snappers,
barracudas, and groupers are characteristic of these areas.
Other groups associated with rocky areas are triggerfishes
(Balistidae), damselfishes (Pomacentridae), angelfishes
(Pomacanthidae), butterflyfishes (Chaetodontidae), filefishes
(Monacanthidae), surgeonfishes (Acanthuridae), and squirrel
fishes (Holocentridae). Even at depths reaching 150 m, the
presence of the invasive lionfish (Pterois volitans) associated
with sponges or rock ledges was common (Henao-Castro et al.,
2016; Chasqui-Velasco and Gonzalez, 2019; Sanjuan-Mufoz
et al., 2022). Fish’s distribution pattern is typical of
mesophotic habitats with the presence of large predators
targeted by fishermen and different groups of reef-associated
fishes, as previously described for Puerto Rico (Garcia-Sais et al.,
2012; Bejarano et al., 2014).

The dominance of Madracis spp. complex (M. myriaster, M.
asperula, and M. brueggemanni) on sandy mud bottoms over the
shelf break of CPNNP is of particular importance since it has not
been identified as a dominant structuring species in other
regions of the world (Reyes et al., 2005; Lutz and Ginsburg,
2007; Santodomingo et al., 2007). In the Caribbean, sightings of
Madracis cf. myriaster have been made on a rocky substrate,
with ROV and manned submersibles, between 200 and 366 m, at
Bermuda (Stefanoudis et al., 2019), Pichincho Wall East at Mona
Passage, East Vieques Island (Wagner et al., 2019), and Dog and
Conrad Seamounts at Anegada Passage (Auscavitch et al., 2020).
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Thus, Madracis spp. coral patches continue to give the area
absolute uniqueness and increased value of conservation priority
(Alonso et al., 2015; Alonso et al., 2021).

Although macrobenthic species footage recognition from
ROV video transects may not be the most appropriate method
for identification, it is one of the methods that can provide us
with direct observations of a deep-sea habitat where a diver
cannot reach (Parry et al,, 2002). Many small-sized organisms
tend to be underestimated, and only those with sessile
characteristics are taken into account. Examples of the
difficulty of identification are Cnidarian and Echinodermata
phyla. Cnidarian identification at the species level was not
possible due to the video resolution of the camera mounted on
the ROV (Diavolo II). Further identification of the specimens
will need still images that allow a close-up of the polyps.
Echinoderms’ further identification of taxonomic levels was
only possible due to the previous knowledge of several species
with clear diagnostic characteristics collected in the same area
between 1998 and 2002 (Reyes et al., 2005; Benavides-Serrato
et al,, 2011; Borrero-Perez et al., 2012); for this particular case,
the images provided details of morphology that had been
destroyed by the collection method of previous years.

Analysis of videos and photograms becomes a bottleneck in the
habitat classification process due to a large amount of acquired
material needing to be reviewed. Although automatic or semi-
automatic software can be used for the detection and classification
of fauna and substrate (Lutz and Ginsburg, 2007; Schoening et al.,
2012; Gomes-Pereira et al., 2016; Romero-Ramirez et al., 2016), the
software needs initial training with a vast inventory of facies,
structures, and species that are still unknown for the area. Habitat
suitability at scales relevant for mapping requires detailed
environmental data that may guide the natural expression of the
elements to be mapped. There is still a large information gap in the
data needed for habitat mapping. Cost-effective methods for the
acquisition of oceanographic and physicochemical variables will
better establish the divisions and extend among observed
macrohabitats. Even so, sampling restricted to megafauna, large
species, epi-benthic, and without evasive behavior allows sampling
the seabed at a scale of centimeters to kilometers, making it possible
to have interpolation of the data and an estimation of abundance
and distribution on inaccessible areas (Zawada et al., 2008; Romero-
Ramirez et al., 2016).

All fauna identified in this work were previously recorded in
earlier studies (Reyes et al,, 2005), except for the Cnidarian
(ceriatharian) Ceriantheopsis sp. (Figure 3D), found at 225.5 m in
sandstone with attached fauna macrohabitat. Moreover, two
morphotypes of an anemone from the family Liponematidae
(Figures 3E, F) are the first records for the Colombian Caribbean,
a rose-colored recorded between 188.9 and 197.3 m found in
sandstone with attached fauna macrohabitat and a red one
between 310.1 and 332.4 m found in rugged stones with attached
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fauna macrohabitat. All echinoderms classes were recorded in the
CPNNP except for Holothuroidea, due to the sampling method,
although previous studies only registered the species Holothuria
(Cystipus) occidentalis in this area (Reyes et al., 2005).

Our study contributes to refine the scale of identification of
deep water macrohabitats in the Colombian Caribbean
specifically for the Corales de Profundidad NNP. The
distinctive macrohabitats: hard substrate with attached fauna
and the rock/ledges with attached fauna are distributed on three
big geoforms of the CPNNP: Hills, Angeles channel, Calamari
Bank, Frijol or Bari Bank; the last one is a mesophotic zone
studied in the last few years using rebreathers (Chasqui-Velasco
and Gonzalez, 2019; Sanchez et al.,, 2019), but the others are
geoforms that have not yet been described in detail. It must
begin with the study of these areas that may provide suitable
environmental conditions (food availability and bottom
currents) for deep-sea corals to grow. Future studies might
discover new deep-sea macrohabitats. Thanks to these results,
three of the macrohabitats have been analyzed in more detail and
are now represented in the Atlas of the Coral Areas of Colombia
(INVEMAR-MINAMBIENTE, 2020), as the following
microhabitats or biotic units: the macrohabitat sandstone with
attached fauna, where patches of coral Madracis spp. complex
are present, are now known as the biotic unit Madracis spp.
(Mad); the macrohabitat soft substrate/rubble/rock with solitary
corals that has a higher cover of cup corals is now known as the
biotic unit cup corals (CorCop); and finally, the macrohabitat
hard substrate with attached fauna that has a higher cover of
rhodoliths is now known as the biotic unit Rhodoliths (Rod).

Efforts should concentrate on implementing a research
strategy to address the management of this marine protected
area, given the limited knowledge and understanding of the
ecological and physical processes. Research topics should use
higher-resolution ROV video surveys with in situ collections or
the use of emerging tools like environmental DNA (eDNA),
address the distribution of corals, and other bio-builders, and
understand the physical and geological processes that control
their presence, community structure, patterns, and abundance.
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