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he depths to which ocean life is

found remained unresolved until
the 1940s. The depth distribution of
deep-sea fauna has since been catego-
rized into the littoral (zero to 200
meters), bathyal (200 to 2,000 meters),
abyssal (2,000 to 6,000 meters) and
hadal zones (6,000 to around 11,000
meters). The deepest of these zones
remains the most inaccessible and
poorly understood of the ocean, partly
due to the technical challenges in sam-
pling it.

The hadal zone consists of long and
narrow deep trenches that plunge to
depths of 11,000 meters, where pres-
sures can exceed one ton per square
centimeter.

While nearly 75 percent of the ocean
floor is between 2,000 and 6,000
meters deep, only 4.5 by 104 square
kilometers of the seafloor exceeds
6,000 meters, accounting for just one
percent.

However, it does account for almost
45 percent of the total depth range." The
technological challenges associated
with extreme pressure environments
have resulted in the hadal zone only
being studied a handful of times, repre-
senting a vast knowledge gap in human
understanding of ocean life.?

The Hadal-Lander.
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Life Beyond 6,000 Meters

From the sea surface to the hadal
zone, there is a progressive increase in
pressure and remoteness from surface-
derived food.

Food from the surface descends in
two main forms: particulate organic
matter (POM) and carrion, like fish car-
casses.

The quantity of POM reaching the
seafloor decreases with depth, so that at
greater than 6,000 meters, this food
supply is extremely sparse. In principle,
however, carrion falls should occur
independent of depth.
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This dependency on carrion can be
exploited though the use of baited cam-
eras as a method of imaging life at these
depths. The trawling efforts of Soviet
and Danish expeditions in the 1950s
proved that fish do inhabit the hadal
zone, albeit in low numbers.*
However, historical data is lacking as
no quantitative analysis has ever been
seriously attempted, therefore prohibit-
ing a strong determination of depth suc-
cession of hadal species. With a limited
number of trawls exceeding 8,500
meters (about 35} and baited cameras
deployed in the abyssal-hadal transition
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toggles that temporarily hold three 50-
kilogram steel ballast blocks under each
leg. When at least one release is trig-
gered, the yoke drops, the toggles open
and the ballast is jettisoned. Above the
Jander is a 120-meter-long mooring line
with six pairs of 17-inch, 12,000-meter-
rated glass spheres from Nautilus
Marine Services (Bremen, Germany),
providing the necessary positive buoy-
ancy (266 kilograms) to surface the
vehicle after ballast release. The lander
descends and ascends at a rate of 50
and 36 meters per minute, respectively.

Scientific Payload

The video system is comprised of
four Components: camera, con-
trol/logging system, battery and lamps.
The camera is a 3CCD high-resolution
(800 TV lines) color camera (Hitachi
[Tokyo, Japan] HV-D30) with a 2.8 to
eight-millimeter wide-angle lens. Video
capture was controlled by mission con-
trol software specially developed for the
project by NETmc Marine (Turfhill,
Scotland), allowing the user to program
power up/down sequences, repetitions
and start delay. A relay board, with
built-in microprocessot, interfaces the

camera, lights and recorder and
enables the recorder to be switched off
and on, thus saving battery life. The
recorder itself, a modified NETmc
Marine DVR Inspector, is a high-end
broadcast-quality MPEG2 recorder uti-
lizing an Optibase encoder card (type
MPG9005), providing a screen resolu-
tion of 704 by 576 pixels. The encoder
card supports various bit rates, but was
set at eight megabits per second for this
project. lllumination was provided by
twin 50-watt lamps. The entire system
was powered by a single 12-volt, 28-
ampere-hour lead acid  battery
(SeaBattery; Deep Sea Power & Light
[San Diego, California]), providing
approximately 12 hours of autonomous
operations. Temperature and pressure
were recorded throughout by an SBE-
39 sensor (Sea-Bird Electronics Inc.
[Bellevue, Washington]).

The video system was positioned on
the lander’s lower deck, one meter off
the seafloor. The camera and lamps
were facing vertically downward and
focused on a 10-millimeter-diameter by
1,000-millimeter bar to which bait was
secured. The seafloor viewing area was
0.35 square meters.

Modifications for Depth

All components were housed within
pressure-resistant containers except for
the pressure-compensated battery. The
camera was housed remotely from the
control electronics.

The main body of both the camera
and electronics housings were custom
designed and machined from duplex
stainless steel UNS32550, both com-
prising a main cylindrical body with a
double-nitrile 70 radial O-ring seal on
either endcap.

A series of tests were performed to
design the camera viewport. A set of
acrylic beveled discs of varying dimen-
sions were tested in a hydrostatic pres-
sure vessel to 1,400 bar and revealed
baroplastic behavior at pressures
exceeding 800 bar.>*” Acrylic was sub-
sequently abandoned in favor of a spe-
cial plane disc sapphire viewport, 80
millimeters in diameter and 15 millime-
ters thick, with a viewing area of 30
millimeters.

This was pressurized to 1,400 bar
successfully for more than 24 hours and
subsequently incorporated into the
design. The lamps were housed inside
miniature vacuum-filled borosilicate
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(Vitrovex™)  spheres
(114  millimeters in
diameter, with a seven-
millimeter wall thick-
ness),

The flotation spheres
| were specifically
redesigned for this
application via a new
production mold to
increase the standard
17-inch model wall
thickness. The acoustic
releases comprised the
standard  electronic
sub-assembly of the
OCEANO 2500 range,
rehoused in a titanium
grade-5 body tested to
1,420 bar. The acoustic
performance  allows
ranges well in excess of
12,000 meters in good
environmental condi-
| tions—due to the fre-

quency range, the
secure command cod-
ing and the use of asso-

A decapod predating crustaceans at  ciated TT801 deck set
6,133 meters (top), endemic snailfish (g remote control,
Notoliparis kermadecensis at 7,049
meters (middle), swarms of thousands Depllo MERS and
of scavenging crustaceans at 10,015 Results

melers (bottom). The Tonga and

Kermadec trenches are
subduction zones that run north to south between Samoa and
New Zealand. Respectively, the trenches have maximum
depths of 10,800 and 10,047 meters—the second and fifth
deepest places on Earth.' The bottom temperature has previ-
ously been recorded between 1.2 and 1.8° C, making Tonga
and Kermadec two of the coldest oceanic trenches, due to
their openness to Antarctic water.** The trenches lie under the
South Pacific Subtropical Gyre, resulting in a low export of
surface-derived food to the trench floor, highlighting the sig-
nificance of carrion falls to the trenches as important sources
of food.

In July 2007, the lander was deployed five times in the
Tonga and Kermadec trenches at 6,133, 7,049, 8,170, 9,036
and 10,014 meters from the German research vessel FS
Sonne. The lander was baited with approximately one kilo-
gram of tuna and was set to record one minute of video every
five minutes for eight hours after touchdown.

All five deployments were successful and observed a very
active scavenging community. Footage showed an increase in
small crustaceans (amphipods) with increasing depth and dis-
tinct species zonation. The deeper deployments observed
thousands of amphipods, thought to be the hadal-endemic
Hirondellea species.® Funnel traps tied to the lander feet col-
lected more than 5,000 specimens for further analysis in the
laboratory. The most notable findings were of crustacean
decapods and endemic snailfish. Until now, decapods were
not known to exist beyond 5,500 meters.? Using this lander,
decapods were seen at 6,000 and 7,000 meters. Furthermore,
they were observed frequently and actively feeding on the
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smaller invertebrates. Similarly, at
7,000 meters, two individual
Notoliparis kermadecensis fish were
present for more than three hours. This
fish has never been seen alive until now
and has only ever been trawled once,
more than 50 years ago. It is endemic to
the trenches, and their behavior and
predation of amphipods gave the first
insights into the ecology of these
trenches.

The bottom temperatures showed a
steady rise of 0.15° C every 1,000

«The results from the Hadal-Lander have highlighted
the huge gap in knowledge of this environment, which
is primarily limited by technological capabilities.”

meters to a maximum of 1.78% C at
10,014 meters. This difference is caused
by deep adiabatic heating in the trench
with a minimum near the abyssal
boundary.*?

More extensive sampling efforts are

&

Model S16-20
20k VA continuous; SOkVA 20% duty
35 x 31.5 x 35.5 inches; 985 lbs.

POWER AMPLIFIERS

SWITCHING

LINEAR

For more than 30 years we have been
building amplifiers to drive reactive loads.

Visit our Web site www.instrumentsinc.com

Instruments, Inc.

7263 Engineer Rd., San Diego, CA 92111-1493
(858) 571-1111 FAX (858) 571-0188 info@instrumentsinc.com
Copyright 2009

46 st / MARCH 2009

www.sea-technology.com

necessary to accomplish a more com-
prehensive understanding of the distrib-
ution and occurrence of hadal animals.
The results from the Hadal-Lander have
highlighted the huge gap in knowledge
of this environment, which is primarily
limited by technological capabilities.
For an entire and relatively conspicuous
order of crustacea to remain undiscov-
ered from such a large deep-sea habitat
emphasizes the need for further explo-
ration of hadal environments with more
appropriate techniques.
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