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Text by Michael Symes

Photos by Peter Batson (www.exploretheabyss.com)

Hydrothermal vents are places
in the Earth’s crust where very
hot water arises from vents in
the cold, deep-sea floor. This
hot, mineral-laden water is a
rich environment for the devel-
opment of an exotic marine
life, previously unknown before
the discovery of hydrothermal
vents. This marine life uses a
quite different chemistry from
other animal life, be it marine
life in the upper sea levels, or
terrestrial life. Thus, hydrother-
mal vents are not only very
interesting geologically speak-
ing, but even more so from the
biological point of view.

Their discovery

Prior to the 1970s, hydrothermal vents
were an unknown phenomenon, but
certain observations had led marine
geologists to hypothesize that vents
existed. Rocks had previously been
recovered from the sea floor contain-
ing minerals known to form when vol-
canic rocks react with seawater. Such

Tevnia plume

rocks are to be seen on Iceland and
other volcanic islands today. And sedi-
ments with unusually high amounts of
iron, manganese, and other metals are
found near mid-ocean ridges. There
are also large chunks of ocean crust,
kilometers thick, known as ophiolites,
that have been lifted up onto land by
tectonic forces. These ophiolites show
evidence of hot seawater circulation
through fissures in the rocks in the dis-
tant past.

Furthermore, heat flow anomalies
indicated that the crust near a mid-
ocean ridge crest was cooler than
expected. It was infered that the crust
was cooled by circulation of seawater
through cracks and fissures in the rock.
There were also deep-tow tempera-
ture anomalies. An instrument package
towed at about 2500 meters depth near
the East Pacific Rise, a geologically
active zone betwen the Pacific tectonic
plate and the Nazca plate, measured
an average temperature of ca 2°C, but
detected warmer water temperature
peaks of 0.1°C to 0.2°C.

This then led geologists, in 1977, to
organize an expedition to an area of
the East Pacific rise near the Galapagos
islands, some 2500 meters below the sur-
face. They took a deep tow instrument
and Cousteau’s research submersible

Cyana. They first found slightly warm
water with the deep tow, then dived
on that spot in Alvin. As they hoped,
they found 20°C warm water seeping
from fissures. But more importantly, they
found a strange alien landscape littered
with what looked like chimneys expel-
ling clouds of black smoke.

The greatest surprise, however,
was that there were very numerous,
large animals living around the vents.

Global View: Pacific Ring of Fire
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Surrounding these chimneys was a
unique type of ecosystem that had never
been seen before. These animals turned
out to be completely new species, often
new Families or Orders, and even one
new Phylum. Unftil then, it had always
been assumed that all life on Earth
obtained its energy from the sun. Using a
process called photosynthesis sunlight is
converted into energy by plants which,

in turn, provide food for countless species
of animals in a complex web of life. But
here was a sight that challenged those

TOP LEFT: Alvin submersible
BOTTOM LEFT: Alvinellacaudata
FAR RIGHT: Black smoker

BELOW RIGHT: Map of Active Sites

assumptions. Here was proof
for the first fime that life could
be sustained by the earth itself,
totally cut off from the world of
sunlight.

Hydrothermal vents
and their formation
Hydrothermal vents occur in
geologically active regions of
the ocean floor where the planet’s crus-
tal tectonic plates are slowly spreading
apart thus allowing magma to well up
from below to form moun-
tain ranges known as mid-
ocean ridges. Vents are
usually clustered in fields
and normally found at a
depth of more than a kilom-
eter. Most have been dis-
covered along the crest of
the Mid-Oceanic Ridge, a
74000 kilometer-long chain
of mountains that wraps
around Earth like the seam
on a tennis ball. A few vents
have also been found at
seamounts, underwater vol-
canoes that are not locat-
ed at the intersection of the
tectonic crustal plates.

¥ WOODS HOLE OCEANOGRAPHIC INSTITUTE

THE CHEMISTRY OF A “BLACK SMOKER" IS UNIQUE: AFTER SEA WATER SEEPS
INTO THE CRUST, OXYGEN AND POTASSIUM AND THEN CALCIUM, SULFATE,
AND MAGNESIUM ARE REMOVED FROM THE WATER. AS THE WATER HEATS UP,
SODIUM, POTASSIUM AND CALCIUM DISSOLVE FROM THE CRUST. MAGMA
SUPERHEATS THE WATER, DISSOLVING IRON, ZINC, COPPER, AND SULFUR. THEN
THE WATER RISES BACK UP TO THE SURFACE, WHERE IT MIXES WITH COLD SEA-
WATER, FORMING BLACK METAL-SULFIDE COMPOUNDS.

As cracks form in the ocean floor at
these spreading centers, seawater seeps
a kilometer or two down into the hot rock
where it is heated by the intense heat of
the magma. As the water is heated to
boiling point, it expands and rises back to
the surface, up through the cracks and
fissures through which it dropped. On
its way back up, the hot water dissolves
minerals and other chemicals from the
rock. When it reaches the ocean floor,
the water is a rich, chemical soup. Some
of the minerals precipitate out of the sea
water and harden on the rim of the vent.
Over time, the rim of the vent is built up
into a tall, chimney-like structure. These

chimneys are formed from dissolved met-
als that precipitate out when the super-
hot vent water meets the surrounding
cold deep ocean water. Individual vent
openings typically range from less than

a centimeter to more than two meters in
diameter.

Vent chimneys can grow very rapidly,
up to 9 meters in 18 months. During a
December 1993 dive to the Phoenix vent
field, Alvin accidentally toppled a 10
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high temperatures, high pressures, and
total darkness existing at these vents.
Similar communities have since been
found at several hundred hot spofts
around the world. Hydrothermal vents
are like underwater oases, providing a
habitat for many creatures that are not
found anywhere else in the ocean. More
than 300 new species have been identi-
fied since the first vent was discovered in
1977.

These creatures are like nothing else on

Earth.

NASA Thickets of giant tube worms, some more
than two meters tall, can be seen around

calcium, potassium, and
sodium, together with
silicon, barium, rubidium,
iron and manganese.
The black smokers are
the hottest of the vents.
They throw out mostly
iron and sulfide, which
combine to form the
black iron monosulfide. It
is this compound which
gives the smoker its black
colour. There are also
so-called white smok-
ers which release cooler

PETER BATSON

Strange and unique species develop in the ecosystem of the hydrothermal vents such as the vulcan octo- water, and which con-

pus (ABOVE), shrimp and vent crabs (INSET).

meter-tall smoker. When the sub returned However, the intense heat is limited to

for a brief visit three months later, the
chimney had already grown back 6
meters.

The dark colour of the water spewing
forth from these vents has earned them
the name black smokers.

As the vent water bursts out into the
ocean, its temperature may be as high
as 400°C. This water does not boil, how-
ever, because it is under so much pres-
sure; for when the pressure on a liquid
is increased, its boiling point increases.
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just a small area. Within less than a cou-
ple of centimeters of the vent opening,
the water temperature drops to 2°C, the

ambient temperature of deep seawater.

Chemicails in

hydrothermal vents

There is a very mineral-rich environment
surrounding these vents. The water ris-
ing from the vents is acidic, with a pH
of about 3.5, and contains up to 0.03%
H,S. It contains significant amounts of

tain amorphous silica

mixed with zinc- and iron-
sulphide, and calcium- and bar-
ium-sulphate. These compounds
are white.

However, important and com-
mercially interesting as the chemi-
cals in the vents might be, it is the
creatures surrounding the vents
that are the most interesting.

Creatures at these oases
Scientists once thought that no liv-
ing thing could survive the harsh
combination of toxic chemicals,

TOP RIGHT: Stalked barnacles
RIGHT: Alvinella head
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ABOVE: Riffia on tevnia
RIGHT: Palm worms are
one of the many species
that live near hydrovents
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the vents. The tail ends of the worms are
firmly fixed to the ocean floor, while the red
plumes at their heads look like a field of red
poppy flowers. When Alvin had been at the
same spot less than two years earlier none of
these strange creatures had been observed.
Measurements at the site have since shown
that individual tube worms can increase in
length at a rate of more than 80 cm per year,
making them the fastest-growing marine inver-
tebrates.

In addition to the giant tube worms, which
have so far been found only in the Pacific,
there are Jericho
worms, bristley orange
worms, small benthic
worms living in the mud,
and finger sized, red
palm worms that stand
upright, topped with
fronds. A special class
of small worms, called
Alvinellids (named after
the sub), live on the
walls of mineral deposits
that form around vents.

Mussels, shrimp, clams,
and crabs are abundant at many vents, but

SYMBIOSIS

these are not the same species we usually eat.

The prawn-like shrimps that dominate vents in
the mid-Atlantic, for example, have no eyes.
Both clams and mussels reach enormous size
near vents. They appear to live about 20 years
and attain lengths of 20 to 30 cm. Like the
tube worms they, too, have symbiotic bac-
teria that live within specially modified gills.
Although the clams and mussels do have
digestive tracts, it appears that the symbionts
provide nearly all of their food.

It is still not fully known how shrimp and other
vent creatures can cope with chemical-laden
seawater that would kill ordinary shellfish.

While octopuses are at the upper end of
the vent’s food chain, bacteria are at the bot-
tom. They are the first organisms to colonize
newly formed vents, arriving as if in a blizzard
and then settling to form white mats attached
to the ocean floor. Bacteria have been found
living beneath the ocean'’s floor, and it seems

Symbiosis is an association between
two organisms that benefits them both.
In the case of many of the vent ani-
mals, the animal has chemosynthetic
bacteria as symbionts. The animal gets
its food from the bacteria. The bac-
teria get an ideal location for growth,
because the animal provides them with
both oxygen and hydrogen sulphide.

likely that they emerge from below when the
conditions are right. Most of the creatures that
congregate around vents live at temperatures
just above freezing.

Thus chemicals are the key to vent life, not
heat.

Incredible deep sea creatures had been
known for quite some time, but these animals
all depended on the regions above for their
sustenance. They feed on small scraps of food
and dead animals that fall from above. Here
at the vents, though, some-
thing entirely different was
taking place. These organ-
isms were using another
process to get their food
directly from the vents
themselves.

This process is known as
chemosynthesis, with bac-
teria in the water actually
feeding on what would
otherwise be a lethal soup
of noxious chemicals. Small
animals feed on these bac-
teria, and these small animals again provide
food for the larger animals. It is an entire eco-
system, totally separate from the world of light.

It should be noted, though, that not all vent
animals have symbionts. Some are scavengers
or carnivores that benefit from the rich food
supply, for example, crabs and amphipods

Chemosynthesis
Chemosynthesis is analogous to photosynthesis
but with a different energy source.
Photosynthesis, which is used by all terrestrial
plants, and the great majority of the marine
ones too, is exemplified by how phytoplank-
ton produce their food. In this process, carbon
dioxide and water react under the energy
input of sunlight, with chlorophyll as a catalyst,
to produce organic molecules such as sugars
and starch, with oxygen as a biproduct.

CO,+H0 — 'CH,O'+0,
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THE TUBE WORM

A particularly remarkable type of vent animal
is the tube worm. These can be 3 or more
meters long. They live within a tough, white
tube aftached to the sea floor near a vent.

A red “plume” protrudes from the top of the
tube. This structure contains red haemoglobin,
that absorbs oxygen, carbon dioxide, and
hydrogen sulfide from the water surrounding
the worm. The brown, spongy fissue filling the
inside of a tube worm is packed with symbiofic
bacteria - about 10 billion bacteria per gram
of fissue. The bloodstream of the tube worm
fransports the absorbed chemicals to the bac-
teria, which are housed within a special organ
called the trophosome. The bacteria then

use these chemicals to grow and to produce
organic substances that are absorbed by the
worm for food. Having no digestive tract at all,
the worm thus depends solely on the bacteria
for its nutrition.

Tube worms reproduce by spawning: They
release sperm and eggs, which combine in
the water to create a new worm. Biologists
don’'t know how the infant worm acquires its
own bacteria. Perhaps the egg comes with a
starter seft.

At least 5 different species have been dis-
covered.
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Stalked barnacles

where 'CH, O’ is the basic building block of sugars,
lipids, etc.

For the production of a specific compound, sugar,
we can write the following process.

6CO, + 6H,0 — C,H O, + 60,

i.e. six molecules of carbon dioxide plus six mole-
cules of water produce one molecule of sugar plus
six molecules of oxygen. Here the sugar can be
glucose, for example.

However, due to the absence of light-energy
from the sun to power photosythesis other energy
sources must be used to drive food synthesis. Now,
the most prevalent chemical dissolved in vent
water is hydrogen sulphide, H,S, which is produced
when seawater reacts with sulphate in the rocks
below the ocean floor. And it is that which supplies
the energy to drive the chemosynthesis, for hydro-
gen sulphide is a highly reduced molecule, and
therefore a great deal of energy can be obtained
when it is oxidised. This ability to oxidize and release
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the energy in H.S is restricted fo certain types of
bacteria containing the oxidising enzyme.
Chemosynthesis takes place in two stages, with
the first stage being catalysed by bacteria such as
Thiomicrospira and Thiothrix.
HS +20, — SO, "+ chemical energy + H,O
The chemical energy produced here then facili-
tates the reaction between carbon dioxide and
water to produce organic molcules.
CO,+HO — ‘CHO' +0,
As shown above, symbiotic chemosynthetic bac-
teria can use hydrogen sulfide as their energy
source. However, methane-using symbiotic chem-
osynthetic bacteria also exist, especially at cold-
seeps (see below). There are many varieties of
chemosynthetic bacteria. Nearly all use a reduced
chemical energy source, using oxygen to oxidize it
to produce the energy they need.
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bon dioxide and water to produce sugars. Photosynthesis
gives off oxygen gas as a byproduct, while chemosynthe-
sis produces sulfur. Information source: NOAA

Instead of photosynthesis, hydrothremal vent ecosystems
get their energy from chemicals in a process called chem-
osynthesis. Both methods involve an energy source, car-
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Vent fields are tens of kilometers apart
along ridge axes, and most vent fields are
probably active only for about 20 years,
although some can be active for 100-1000
years. The chimneys eventually become
blocked as chemical precipitates plug up
the cracks and fissures and flow ceases.

The animals near such dead vents also die.

However, new vent systems form fairly fre-
quently, as forces of plate tectonics open
new cracks and fissures.

Most of the animals that live near vents

JOHN COLLINS

Hydrothermal vents may play a role in the regulation of
ocean temperature which has a large affect on coral
growth and health

®
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are sessile, and even animals like crabs
can't move that far. So, how are new vents
colonized? How do vent species survive
when vents frequently die?

Colonization of new vents
It is not known how tube worms and other
organisms locate new vents for coloniza-
tion. The vents are small, and they are
separated, like islands. Most vent organ-
isms have a free-swimming larval stage.
But it is not known whether the larvae float
aimlessly or purposely follow clues, such as
chemical tfraces in the water, to find new
homes. Many vent animals produce eggs
with large yolk sacs. It seems that their
eggs and larvae can survive for a long
time, perhaps years. It is thought that the
larvae drift with currents along the bot-
tom, which may tend, at least slightly,
to flow toward active vents. When the
larvae find favorable conditions, they
settle to the bottom and grow to adults.
However, most die because they fail to
find an active vent. When the flow of
hot, sulphide-rich water slows to a trickle,
death also comes quickly.

Cold Seeps

These are entirely different, geologically,
from hydrothermal vents. They occur in sit-
uations where sediments are compressed,
squeezing out the water between the
mineral particles and causing it to seep
out of the sea floor. Cold seeps are men-
tioned here because they have hydro-
thermal vent-like organisms that use a
CH,- or H,S-based energy source.

Animals that don't live

near vents

Some animals normally found in the deep
ocean are not found, or are rare, near
vents. These include sponges and anemo-
nes and echinoderms. Perhaps the condi-
tions near the vents (hydrogen sulphide,

Sponges and soft corals do not grow near hydrothermal vents. It is thought that they cannot survive

in this extreme environment

high temperature, etc.) are harmful to
them.

Hydrothermal vents are
zmpormnt sources of knowledge

Interesting as it is in itself, the life surround-
ing hydrothermal vents is also an impor-
tant source of knowledge. For example,
vent bacteria can withstand higher tem-
peratures than any other organism. That
makes them attractive to researchers who
are developing heat-stable enzymes for
genetic engineering, and culturing bacteria
designed to break down toxic waste. Also,
these bacteria and tubeworms may show
the way to the development of new drugs,
industrial processes, and other products
useful to us all.

Some biologists think that life, in the form
of chemosynthetic bacteriq, first evolved
at vents. One reason is that such deep
sea organisms would have been less

JGHN COLUNS

affected by the harsh and highly variable
conditions on the Earth’s surface, where
any photosynthetic organisms would have
needed to live. Certain microorganisms
have adapted to thrive on these vents
and create rich underwater ecosystems
that some scientists believe may represent
some of the earliest life forms on Earth.
Biologically, hydrothermal vents have a
lot to tell us about the origins of life and
the conditions in which life can be found,
which is important to our continuing search
for life elsewhere.

There are many other reasons why scien-
tists want to learn more about hydrothermal
vents. For example, these underwater gey-
sers are believed to play an important role
in the ocean’s temperature, chemistry, and
circulation patterns. Hydrothermal vents are
central to the function of the Earth system
and the life that is part of it; the vents at
ocean ridges are an essential part of the
chemical balance of seawater. m
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Hydrogen bonding
between water molecules

in water
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Hydrogen bonding

“Water Facts £l o

THE HEAT CONTENT OF WATER
It has often been stated that life depends
on the anomalous properties of water.
More than 40 properties of water appear
tobeanomalousinsomewayorother,and
among these is its large heat capacity.
The specific heat capacity of a sub-
stance is the amount of heat energy
required to heat one gram of the sub-
stance one degree. The original unit of
heat energy was the calorie, which was
the amount of heat energy required
to heat water one degree celcius.
However, the relative unit of the calorie
was later replaced by the absolute unit
of the joule, where one calorie equals
4.18 joule. Water then has a specific
heat capacity of 4.18 J g-1 K-1, where K
refers to the absolute temperature scale.
Water has the highest specific heat of
allliquids except ammonia, and can thus
retain and store large amounts of heat.
This high heat capacity of water has as
least two major impacts on our lives.

For the first, the large heat capac-
ity of the oceans and seas allows
them to act as heat reservoirs, so that
sea temperatures vary only a third as
much as land temperatures. This effect
moderates and stabilises our climate,
reducing extremes in temperature.
That is also why coasts experience
a milder climate than areas that lie
more inland. The heat stored in water
is also transported fto other plac-
es around the globe through cur-
rents and will warm up colder water.

Secondly, and of more direct impor-
tance to humans, the high water con-
tent in organisms contributes to thermal
regulation and prevents local fempera-
ture fluctuations. This allows us to more
easily control our body ftemperature.

The high heat capacity of water is
also the reason, for example, why hot
watfer can cause such serious scald-
ing. Hot water, when cooled from
say 100°C to the temperature of skin,

releases such a large amount of heat
energy fo the skin that it causes the
damaging and very painful scald.

But why has this apparently simple sub-
stance such a high specific heat?e The
answer is hydrogen bonding, which also
explains many of the other properties of
water,

HYDROGEN BONDING

Water is a polar molecule, having a
weak, partial negative charge d- at
the oxygen atom and a partial positive
charge d+ at the hydrogen atom. This
is because the electron shell round a
hydrogen atom is rather thin, and the
positive charge on its nucleus shows
through, thus giving the hydrogen atom
a small but definite positive charge.
On the other hand, the electron shell
round an oxygen atom is rather thick,
and so the oxygen atom has an exira
bit of negative charge. These opposite
charges attract, giving a relatively weak

force called a hydrogen bond. Thus,
when water molecules are close togeth-
er, their positive and negative regions
are attracted to the oppositely-charged
regions of nearby molecules. This hydro-
gen bonding is shown by dotted lines
in the diagram. Each water molecule
has the potential fo be hydrogen-bond-
ed to four others. It is these hydrogens
bonds that account for some of the
essential and unique properties of water.

As water is heated, the addition of
energy first causes the hydrogen bonds
fo bend and break. And, as water is a
light molecule there are more molecules
per gram than most simlar molecules fo
absorb this energy. Now, because the
energy absorbed in these processes is
not available to increase the kinefic
energy of the water, and thereby raise
its temperature, it takes a considerable
input of heat to raise the temperature of
water. Which is the same as saying that
it has a high specific heat. m
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