
Natural and artificial habitats of the deep

There is a complexity of habitats in the ocean and organisms have
adapted to these. Habitats are environments or areas where an organ-
ism can live, for example, rocks, sand, seagrass, but also include or-

ganisms themselves such as corals. ese are invertebrates on which other
organisms can live. Corals are animals and serve as habitat to finfish, for ex-
ample. Whales are the substrate or habitat onto which barnacles are attached.

Depth distribution of organisms is ruled by their ability to exist in that envi-
ronment. e limitation of depth to marine organisms is the ambient pressure
they can withstand. SCUBA diving is also limited by depth because of the pres-
sure exerted and the consequences that it has on the body. Boaters pay attention
to depth for the purpose of navigation. Can the boat go that shallow? Do we
have enough fishing line? A simple look at the NOAA nautical charts
(http://www.charts.noaa.gov/OnLineViewer/25641.shtml) helps us to describe
one characteristic of the habitat: the shallow and the deep waters. It then makes
it easier to chart fish and characterize them by the depth zones they occupy.
Shallow water groupers includes the coney, rock hind and the red hind,
mesophotic reef grouper species include the yellowfin and tiger and the deeper
water groupers are the misty and yellowedge. However, there are other factors
such as temperature, light, and bottom habitat that influence this distribution.
Red groupers ‘like’ or are found in soft bottom sediments, mud and sand,
while reef tops are favored by Nassau groupers. Areas with ledges are where
the larger groupers are found. ese characteristics describe the geomorphology
of the habitats -biotope. SCUBA and free diving are the techniques used for
seeing, studying and fishing for shallow water fish. In the areas deeper than 30
m, the mesophotic reefs are home to groupers that overlap in depth like the
red hind to about 100 meters in depth. e shallowest depths of the
mesophotic reefs in our entire exclusive economic zone are but 0.1%. e
largest percentage of the waters in the EEZ are much deeper than 100 meters!
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Seascapes – The last frontier

What do you expect to see underwater, in much
deeper water? What does topography – the peaks
and valleys- look like at depth? Is it like over land,

with vegetation, with forms and shapes of the terrain? Is there
a lot of water movement or is it still?

Geologists are always very interested in rocks, in patterns seen
in the rocks as well as what caused these patterns, what rocks
are made off, how these formed and how long ago. ey are
right in being so interested in rocks because these tell the story
of the history of a place. For the biologist, the interest in rocks
lies in what can be found on these, what organisms, if any, con-
tributed to their formation and changes in the form, how these
serve as substrate for living organisms and how long ago these
rocks were colonized by living organisms.

Seascapes describe visible features, different from landscapes
because these are in the water, exposed to all the characteristics
of seawater: salty, cold, dense, exposed to fast or slow currents,
strong or weak currents that change direction, bright or dark,
and under so much pressure! 

Seascapes are also just beautiful places, more so when you have
not seen these types of formations before and even more when
these formations are underwater, at thousands of feet (or me-
ters) below the surface, subjected not to air but to water!

ese are snapshots, grabs from high resolution video recorded
by the ROV Hercules or ROV Argus under command by the

pilots on board the E/V Nautilus in the deep water areas
around Puerto Rico and the US and British Virgin Islands
during the 2013 mission. e geologists on board were ex-
amining these seascapes in search of answers to questions
such as – were these sites where the tsunamis of 1867 and
1918 originated? 

e significance of the exploration of these areas lies in that
these seascapes were being seen by the human eye for the first
time since the beginning of time. No one had ever seen these
before. 

e exploration begins with the study of the depth in the
area of interest, with the search of changes in depth and in
the contours that indicate movement. It also includes the ac-
quisition of in situ (at the site) depth information (bathym-
etry). e analysis of the depth and topography of the area
(elevations and valleys, inclination of the bottom, etc.) is im-
portant to guide the pilots of the ROVs that will be the eyes
of the scientists waiting to see what the geological features
look like. 
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e dramatic panoramas of the deep ocean captured in snap-
shots of the areas surrounding Puerto Rico and the Virgin Is-
lands are represented by this collection of pictures. e
changes in the topography of the ocean bottom can also be
seen from a number of the snapshots taken that show blocks
of rocks that appear to have been broken up for a solid for-
mation. 
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e water column forms part of the seascape as the ROVs de-
scend to the bottom of the ocean. e snapshots of the fish and
other organisms allow us to see the potential relationship between
the pelagic and benthic environments. Pelagic organisms are those
associated with the water above the bottom and benthic organ-
isms are associated with the sea floor. 
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Fish in mid water.

Shrimp on the benthos.

shrimp eating a fish in mid water. There is no direct association between these
pictures but are used to demonstrate the possible links between these very
different and distanced environments.
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Seeing color and organisms at depth calls everyone’s attention.
e rough rocky bottom is substrate for a collage of organisms,
sponges in this case. A close up of the sponge collage reveals at
least 6 different organisms. Associated with this bouquet are also
a number of crabs and shrimp-like animals 

e sponges make up the most commonly identified group in
the ocean bottom. ese serve as habitat for fish, shrimp and
crabs that use them as substrate for growth and feeding.

Not only sponges serve as habitats but also crinoids and corals
serve this function. A magnificent series of snapshots describe this
better. A solitary coral tree even from afar shows a couple of fish
in the branches and trunk. A close up shows another fish perhaps
taking refuge or feeding within the branches.

ese seascapes are at depth, far from our reach and yet we find. 
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Human Traces 

Yuck! Ugh, no matter where we are, where we go,
where we look, even at the bottom of the ocean there
is evidence of human impact, the ubiquitous garbage,

‘basura’. 

During the exploration of the E/V Nautilus  next to the more
ancient rocks, there it was, a drum cover. What was it covering?

Garbage at sea

Where is the rest of the drum? Where did it come from? How
did it get there? No, we did not pick it up, so we might never
know. We think it is metal but we also found other things made
out of plastic. Would you have expected plastic in the bottom
of the ocean? Expected? Yes, unfortunately, because some people
are used to throwing garbage everywhere. What is on land could
eventually end up at the bottom of the ocean.
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To illustrate this, and although not garbage per se, tree trunks and
other vegetation can be pushed by heavy rains from the river way
or the beach out to sea. At sea, these might float for a while be-
coming substrate to which organisms can attach to, thus creating
a pelagic food chain as these organisms (barnacles or bayocas,
worms, etc.) become food to other fish. Heavy seas can make these
sink and can serve as substrate and food. But, I diverge. 
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Man-made objects are not recent. Many findings at sea are arche-
ological objects that sank from natural forces such as storms, swells,
squalls or hurricanes or were sunk by enemy ships. Yet others were
only garbage, objects without use or cumbersome for navigation.
ese anchors are found quite frequently and possibly were left be-
hind on purpose many times when a fast escape, either from
weather or pirates, was needed.

Most recent findings also include cans, clothes, garbage bags, etc.
e garbage can or drum seen in this picture is not a natural part
of the sea floor landscape. We did not pick it up but left it where it
was now that it has become habitat for some other species. Some-
thing spilled out of it and looks almost solidified as ice; maybe the
temperature is low enough to have frozen the spill in place. Yet, it
becomes habitat because on a closer look there are organisms grow-
ing on it, using it. is new structure serves as viable substrate for
attachment and as a place to hide.

Modern living essentials such as glass bottles were also found. A
soda of sorts bottle on an otherwise devoid of structure seascape is
garbage to us but habitat to other organisms, a surface area where
organisms can attach themselves to grow. 

One organism’s garbage is another’s substrate (treasure)! is is call
colonization; organisms opportunistically use the changes in the
environment to have a place to grow.

A picture that shows a wine bottle also provides a hard substrate
and becomes habitat for the attached crinoid, this bottle could be
essential fish habitat for the crinoid. 
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e Seabed AUV missions also produced pictures of garbage
deeper than the diving range of humans. For example, a wine bottle
was also found about 200 m off the West Coast of Puerto Rico  in
2008 when the Seabed AUV did its deepest dive to about 270 m.
In 2004, the AUV photographed the entrance of the Guánica Bay
in southern Puerto Rico finding a wire or rope and tires. ese have
also become habitat! 
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In almost every mission of NOAA’s Research Vessel Nancy Foster
(http://www.moc.noaa.gov/nf/), the ROV dives showed all types
of man-made devices lost at sea. ese included military ordinances
from Vieques, lost fishing gear. ese lost traps known as ghost
traps because of their potential to continue fishing, then become
artificial habitats for commercially important fish such as the red
hind or the spiny lobster or for the invasive lionfish. However, the
group working with the ROV in the R/V Nancy Foster have also
captured beautiful photographs of other marine organisms includ-
ing new species. A nuisance species, the lionfish, an invasive fish
species from the Pacific has also been photographed at depth-
NOAA’s Research Vessel Nancy Foster was named after Dr. Foster
(deceased) who served as head of the National Ocean Service and
National Marine Fisheries Service. 

In the expert diving depths of more than 30 m, there is also evi-
dence of man-made stuff left behind. e fishing lines left around
the reefs could be damaging to the coral but coral and other or-
ganisms can grow over these fishing lines. Fishing is done for com-
mercial and recreational reasons, to provide food. We strive to
maintain a balance between the gear used and the interaction with
the habitat that maintains the fish communities. e more we
know about the habitat the better job we can do at protecting it. 
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e E/V Nautilus also documented areas of extensive ropes or wires
and cement blocks that would indicate active deep water fishing.
ese abandoned structures were a menace for the ROV that was
pulled back from the area but not without first capturing the fol-
lowing man-made and new seascape. 
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Remember, the ocean is NOT infinite. We cannot continue to
dump in it without consequences. e capacity to dissolve, absorb,
change into something good is not endless. Changes in the com-
position of the water in one place will travel to other places (oil
spills) because the ocean water MOVES! It could be said that all
waters are connected. Time lines for the water masses vary and
might take seconds, days or thousands of years but will travel the
world!

We have spent this time dwelling on garbage not because we spe-

cially like it but because we were sadly surprised to find it in places
where no one had surveyed before. No human eyes had seen many
of the places shown in this book and yet they were impacted by
humans.

We cannot finish this book describing garbage, no! But we can pro-
vide you with a beautiful collection of still photographs from the
video taken from the expeditions, missions and dives of the ROVs,
and submersibles and photographs from the AUV and deep water
divers that have visited these depths – the gallery!
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Mare Nostrum… Protegat me!

Explore, investigate, the beginning of a journey of discovery
in the deep sea, it is a compilation of photographs from
the various missions and researchers that have participated

in visiting – FOR THE FIRST TIME EVER – sites selected by
our fishers, scientists from here and elsewhere, questioning indi-
viduals that want to know and learn from the history of the Earth
underwater. For example, what can we learn from the sites of the
earthquakes that caused tsunamis that impacted Puerto Rico and
the US Virgin Islands, what habitat lies where commercial fishers
fished for queen snapper and other deep water snappers and
groupers – how can they prevent impacts with deep water corals
and by catch of species not harvested for food, search for the live
fish that have provided a living for our commercial fishers and
food for us … who doesn’t like a “chillo” – wink, wink!

We hope that this is an on-going process – after all, we only know
a little bit of about 5% of the ocean bottom, of the sea that makes
up 70% of Planet Earth. Yet, astronauts train in the deep sea – as
if they were fighting zero gravity environments, we use the ocean
as if it were an infinite, all dissolving, all hiding container, use the
sea creatures as the basis for many discoveries to improve human
health, and relentlessly subject the ocean to mostly human im-
pacts. Yet we don’t listen when the forces of nature insist on show-
ing us that the Earth is alive – earthquakes, volcanos on land and
underwater – deep sea vents - , storms and hurricanes, tsunamis
and other oceanic and atmospheric interactions that respond to
accumulated forcing impacts of nature and of humans, the scales
of these forcing of varying degrees.

We hope it is an on-going process of scientists answering questions
raised by our stakeholders, making discoveries together in our own
backyard, our own part of the ocean. Explore to discover new fish
species, strive to see them alive in their own habitat, develop the
technology that would allow us to identify these new species with-
out taking them all.

We thank the agencies, staff and public for providing the opportu-
nity to do this together. (Figures: Illustration of the E/V Nautilus
in the newspaper, the NOAA vessels, etc.).

We had the purpose of this book to serve at the level of enjoyment,
illustrations of new areas and organisms, the seed to learning and
curiosity without dwelling on the scientific information. e data
and scientific papers being processed or already published are avail-
able through visits to the various websites or searches under the key
words of Nautilus, NOAA, Okeanos Explorer, and the numerous
institutions that participated and continue to participate in these
missions of discovery. One can only dream of exploring more!

In case you missed the exploratory missions to the US Caribbean here are some links to the
on-going research and the historical archives of the research vessels: 

E/V Nautilus - http://www.nautiluslive.org/expedition/2014

Okeanos Explorer -
http://oceanexplorer.noaa.gov/okeanos/explorations/ex1502/welcome.html 

Nancy Foster - https://coastalscience.noaa.gov/projects/detail?key=263
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is is one of the hardest parts to write because one is always afraid of forgetting someone who contributed to the finished product!

Miguel A. Rolón is definitively the very significant contributor making this book possible, making one of our dreams come true! Mr. Carlos
Fachette, the CFMC Chair along with Miguel allowed us to pass this information to the public. Changes were quickly made to the original
plan we had when the opportunity arose for both Roy and Graciela to join the EV Nautilus in its exploration of the deep waters around Puerto
Rico and the US Virgin Islands. e Ocean Exploration Trust shared the exploration and the great photographs of the expedition with us and
the rest of the world and anks to Dr. Robert Ballard for heading these explorations. Especially we thank Dwight Coleman of the Inner
Space Center and Uri ten Brink the expedition and scientific leaders, respectively. e teams during the 2 weeks of our participation: Amanda
Demopuolus, Rueben, Martin, Cindy and Lisa and the Captain and all the crew for making our life easy. e opportunity to also join in the
explorations of NOAA’s Okeanos Explorer in 2015 was also significant in the amount of work that was accomplished. Special thanks to Andrea
Quattrini (USGS) and Mike Cheadle (University of Wyoming) for their dedication to a very successful mission. e person in charge, Brian
RC Kennedy NOAA Office of Ocean Exploration and Research was able to accommodate the requests of the fishers to visit specific areas of
interest. Fishers and other marine resource users shared with us pictures, stories, and questions. Hanu Singh fromWoods Hole Oceanographic
Institute and his SeaBED AUV gave us the first recent views of fish and habitats beyond 50 m depths. Verónica Belle De Jesus our illustrator
and page planner. Caribbean Fishery Managment Council (CFMC) staff. Very special thanks to Dr. Máximo Cerame Vivas for making one
of my dreams come true, to publish with the first marine ecologist of Puerto Rico! anks to Dr. Roy Armstrong, Ponceño too, for participating
in this dream and the upcoming adventures with AUVs and ROVs! Dr. Denise E. De Vore, always the editor, for also contributing to my
dream of making this book. To the divers and explorers of mesophotic reefs including Jorge García Sais and Richard Nemeth, the PIs of the
CRCP grants for the CFMC. e teams include Bob Castro, Milton Carlo, Rene Esteves, Stacy Williams, Jorge Sabater, Tyler Smith, Elizabeth
Kaddison, Dive master UVI. IF WE GET PICTURES FROM Richard – divers to 80 m. e missions in the R/V Nancy Foster and the
NOAA programs (NOS, NOCCS) and people Mark Monaco, Tim Battista and others who have shared the mapping and video and photograph
grabs with us. anks to the ROV pilots – Lance Horn and XXXX. Felix Grana Raffucci, the walking encyclopedia of the Puerto Rico De-
partment of Natural and Environmental Resources and cataloguer par excellance! Very special thanks to Captain Eugenio Geño Piñeiro and
Miguel Vargas for continue to share strange or beautiful looking fish with me!

Photographs used in this book are from the following sources:
NOAA CRCP Grant # NA04NMF4410345 Bajo de Sico (cave – photographer – Jorge Sabater Clavell)
UVI
UPR-Biop
CariCOOS
EV Nautilus 
Okeanos Explorer www.oceanexplorer.noaa.gov
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Veronica Seda – SEAMAP Caribbean NOAA and PR DNER
USVI DPNR
Dr. Fred & Judy Grassle, Rutgers University.
Dr. Richard A. Lutz, Rutgers University.
Dr. Cindy Van Dover, Duke University Marine Laboratory.
Dr. Daniel Altschuler, University of Puerto Rico, Former Director of the Arecibo Ionospheric Observatory.
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