This is a reproduction of a library book that was digitized
by Google as part of an ongoing effort to preserve the
information in books and make it universally accessible.

Google books

https://books.google.com



https://books.google.ch/books?id=_swPAQAAIAAJ




Digitized by GOOSIQ






Digitized by GOOSIQ



MHIHE ¢ ¢

Reprinted from The Environmentalist, Vol. 2 (1982) Supplement No 1

IUCN Commission on Ecology

The Commission on Ecology of the International Union for Conservation of Nature and Natural Resources (IUCN) is a scientific commis-
sion of an independent, international, non-governmental organization. IUCN was founded in 1948 by Unesco and the French Government.
The Union comprises today 57 governments as state members, 118 government agencies, and 315 non-governmental national and inter-
national organizations. This merabership represents 111 countries.

The Commission on Ecology was established in 1954 and reconstituted in 1979. At present it has 140 members from 43 countries in all
the continents, carefully sclected for their national and international scientific status and expertise.

TUCN’s Commission on Ecology provides scientific information and advice to ensure that action directed towards the sustainable use and
conservation of natural resources, i.c. the implementation of the World Conservation Strategy, makes the best use of current ecological
knowledge. The World Conservation Strategy, launched in 1980, provides an overall plan for action in this direction.

Through its Working Groups, the Commission gives particular attention to:
ecological problems of the open occans,
continental seas,
coastal areas,
mangrove ccosystems,
coral reefs,
inland waters,
arid lands,
tropical rainforests.

It is concerned with problems relating to:
oil pollution,
environmental pollutants,
ccological assessment,
(re)introductions, animal migrations,
mountain and river basin management.

The Commission is also active in the ficld of human ccology, particularly in rural development and traditional life styles.

For further information please contact: Executive Otticer, IUCN Commission on Ecology, Av. du Mont Blanc, 1196 Gland, Switzerland.

© IUCN Printed in The Netherlands

Cover photo: WWE/Sylvia Earle.

.




Digitized by GOOS[Q



[AIL! i



Digitized by GOOS[Q



Digitized by GOOSIQ



Digitized by GOOSIQ




sal plains. It is tempting to draw an analogy with
the endemicity of the faunas and floras of the
isolated high-alpine peaks in tropical Africa.
Thus each trench might be expected to show a
high degree of endemicity at specific and sub-
specific levels, but at generic and family level
there would be great similarity between trenches
in the same system and within the same zoo-
geographic province.

The existence of an environmental barrier
at around 6,000 m depth is still a matter of
controversy. For shallow-living organisms, the
hydrostatic pressure at such depths (about 600
times atmospheric pressure) is more than suffi-
cient to change protoplasm from the gel to the
sol phase, and to reverse various vital biochemical
reactions. A freshwater Amoeba, when subjected
to increasing pressure, initially shows an increase
in respiration rate, but then rounds up into an
immobile sphere (MacDonald, 1975). If the
pressure is then lowered, the organism recovers;
but if it is raised further, the animal is killed.

Deep-sea organisms must have physiological
adaptations for them not only to survive but
also to function under such high pressures. The
few measurements of respiration rates that have
been made of animals living at relatively shallow
depths of 1,000 m, show that deep-living animals
have metabolic rates about an order of magnitude
lower than their surface-dwelling counterparts
(e.g. Torres et al., 1979; Smith and Laver, 1981).
These adaptations are not at all well understood,
but are the subject of intense research effort—
not only because of the commercial need for
a deep-living capability in Man, but also because
many of the effects of high pressures parallel
the physiological effects of anaesthetics, which
may be produced by changes in the permeability
of cell membranes because of changes in calcium
metabolism.

The water within ocean trenches is normally
derived from the surrounding ‘bottom water’.
Oceanic water-masses can be defined by their
conservative properties of temperature and
salinity. By mapping these properties, the general
flow-patterns within the oceans can be followed.
‘Bottom waters’ are formed at high polar latitudes
—mostly in the Southern Ocean, as the Arctic
Ocean is effectively hemmed-in by shallow
shelves. Sea-water forms sea-ice at —1.9 °C (the
dissolved salts cause the depression of the freez-
ing point; also it is important to remember that
salt water does not reach a maximum density
at 4 °C as does fresh water). When sea-water
freezes, much of its salt content ‘freezes out’;
accordingly, sea-ice contains relatively little
salt, and the surface-water, besides being very
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cold, also increases in salinity. This cold, more-
salty water becomes denser than the underlying
water and ‘slides down’ off the Antarctic shelf
into abyssal depths forming ‘bottom water’. '

Being derived from cold surface-water, the
‘bottom water’ is extremely well oxygenated.
Furthermore, because the oxygen demand in
very deep water is so very low, the flushing
rates of the deep ocean are sufficient to ensure
that hadal biota rarely experience stress from
low oxygen levels. There are, however, some
exceptions to this—such as the Cariaco Trench,
which is a very shallow trench in the Caribbean
Sea, off the north coast of Venezuela and not
shown on our map. It is enclosed by quite shallow
sills and underlies a local upwelling region. The
oxygen demand created by the high input of
organic material causes its deeper water to
become anoxic. The activities of sulphur Bacteria
in oxidising sulphate ions to sulphide result in
high concentrations of hydrogen sulphide ac-
cumulating in the deep water, making it totally
inimical to most other life (Baird et al., 1973;
Broecker et al., 1980).

In typical oceanic conditions, as the ‘bottom
water’ spreads slowly towards lower latitudes,
it follows the lowest topography, though the
rotational forces derived from the spin of the
Earth makes it hug, in the Southern Hemisphere,
the western boundary of the basin in which it
lies. Thus bottom water formed in the Weddell
Sea, Antarctica, flows northwards up the deep
abyssal trough that lies between the eastern
slope of South America and the mid-Atlantic
Ridge (Broecker et al.,, 1980). At the Equator
it branches, with one branch flowing north-west
into the deep basins of the North-west Atlantic,
and the other branch flowing via the Romanche
Deep through the mid-Atlantic Ridge to flow
in part northwards and in part southwards into
the deep basins of the eastern Atlantic.

The ‘bottom water’ on the eastern side of
the South Atlantic spills out into the Cape Basin,
but its northerly flow is blocked by the sub-
marine Walfish Ridge, which joins South-West
Africa with the Mid-Atlantic Ridge. The distance
that the ‘bottom water’ flows and its rate of
spread are significant, because it is gradually
warmed from its initial temperature of less than
—1 °C to more than +2 C by the heat-flux from
the Earth. However, trenches with sills that are
deep enough for ‘bottom water’ to flow into
them, contain water that is extremely stable
in temperature and salinity.

The series of photographs published by
Lemche et al. (1976) from five different trenches
have one feature that is common to all the
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TABLE 2. Composition of bottom macrofauna (% of total number of individuals) from trawl samples from trenches (Kurile—Kamchatka,
Japan, Kermadec, and Java) compared with samples from abyssal depths in the Atlantic and Pacific (after Wolff, 1977)

Trenches Central N. Pacific N.W. Atlantic N.W. Atlantic
Trawl Anchor dredge Anchor dredge Epibenthic sledge
Sampler depths (m) 6,200-10,000 5,600 4,400-5,000 4,700
Polychaetes 7 55 55 8
Peracarid Crustacea (total) 5 24 33 32
Tanaidacea <1 18 19 1
Isopoda 4 6 12 18
Amphipoda <1 0 2 5
Bivalvia 19 7 4 47
Echinodermata (total) 57 1 1 2
Ophiuroidea 2 <1 <1 2
Holothuroidea 54 <1 0 0
Others 11 11 8 11
Number of individuals 21,589 287 681 3,737

Jumars and Hessler (1976) reported on the
organisms from a single 0.25 m? box-core sample
collected from the Aleutian Trench. They found
that the megafauna consisted mostly of poly-
chaetes (49%), bivalve molluscs (11.5%), apla-
cophoran molluscs (10%), hemichordates (8%),
and echinoids (3%). The meiofauna was domi-
nated by allogrominiid foraminiferans, nem-
atodes, and harpacticoid copepods. They found
that the species diversity was low in comparison
with other deep benthic communities, and sug-
gested that the relatively poor contribution to
the community by polychaetes in the Aleutian
Trench of only 49% is due to the combined
influence of rapid sedimentation and high seismic
activity. The need to survive sediment flows
and turbidity currents probably favours the
survival of species with weed-like life-styles,
having the ability to invade rapidly and exploit
new areas of unoccupied sea-bed.

ENDEMISM IN TRENCHES

Professor G. M. Belyaev, a leading authority
on hadal faunas, wrote recently: (pers. comm.
October 1980): ‘The endemism of hadal faunas
constitute [commonly some] 57-60%. There
are no endemic species [occurring] throughout
this zone because each trench tends to have its
own specific endemic fauna. 50-90% of the
fauna of each trench is endemic. The Banda
Trench [in the Banda Sea in eastern Indonesial
has the lowest level of endemism—33%. The
fauna is related to the shallower-living fauna of
the Indo—Malaysian region. This trench is prob-
ably the youngest geologically.

‘There are not only endemic species, but also
endemic genera and families. There are 25 endem-
ic hadal genera [representing some] 10-25%
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of all hadal genera. However, there are only two
known endemic hadal families—Galatheanthe-
midae (Actinaria), which has been recorded in
40 samples from many trenches at depths of
6,000—10,700 m, but only in three samples
at shallower depths of 5,500—5,900 m on the
slopes of the Kermadec and South Sandwich
Trenches. Probably this family was formerly
more widely distributed on the abyssal floor
of the World Ocean. The second endemic hadal
family is Gigantapseudidae (Crustacea: Tana-
idacea), which contains a single species—Gigant-
apseudes adactylus—the largest tanaid known,
which has only been taken at two stations in the
Philippines Trench at depths of 6,300 m and
7,880 m (Fig. 10).

‘At present, 500 species of Metazoa have been
identified from hadal depths plus around 100
species of Foraminifera, but in time this number
is likely to exceed 1,000. Representatives of 33
classes, 150 families, and about 240 genera, are
known from depths greater than 6,000 m.

‘The greatest number of species known from
a single trench are the 200 (only 150 determined
to species level so far) from the Kurile—Kamchat-
ka Trench, whereas only 10 are known from
Ryukyu and Marianas Trenches. However, the
faunas of many trenches have either been insuf-
ficiently studied or have not been studied at
all (e.g. San-Cristobal Trench in the West Pacific
and the newly-discovered Amirante Trench to
the west of the Seychelles which is over 9 km
in depth).

One comment is worth adding: Until recently
it was believed that deepsea Bacteria are all
very slow-growing and have extremely slow
population doubling-rates. Hence it was believed
that microorganisms play only a minor role in
degradation and recycling of organic material
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Rises, and it is now believed that they occur
in all oceans. Each vent area is an oasis of faunal
abundance in the vast desert of the almost barren
abyssal floor. The high-abundance area is of very
limited extent (see above), and the vents are
separated by long distances.

At first sight it would seem advantageous for
species living in vent communities to have larvae
that undergo direct development, rather than
planktonic larvae that may get swept away into
the surrounding impoverished areas. Initial
studies suggested that for several species this
was indeed the case. However, geophysical
evidence indicates that the vents may only be
active for about a hundred years. When the
water-flow from the vent dies away, the animals
living in its environs soon die. Several old vents
surrounded by the shells of large clams have
been found. Vent species must have the capabil-
ity for long-distance dispersal, probably as plank-
tonic larvae, and this is confirmed by the high
similarity between the faunas of the two regions
where vents have been located.

The observed faunal differences between the
vent communities of the Galdpagos and East
Pacific Rise seem more likely to result from
geochemical differences of the water issuing
from the vents than from any inability of the
species to disperse. The vents on the East Pacific
Rise are called ‘black smokers’ because as the
water, superheated to 350 °C, issues from the
vent, it is rapidly cooled to the temperature
of the surrounding water and precipitates black
plumes of sulphides.

In marked contrast to the ability of vent
species to colonize new sites some tens of kilo-
metres away from their original site, abyssal
plain species show a remarkable inability to
disperse over even short distances. Using a sub-
mersible vessel, Woods Hole, Massachusetts,
scientists have been able to remove all large
animals from small areas on the abyssal plain
in the northwestern Atlantic. Even after several
years, there are no signs of the experimental
areas being recolonized by the original set of
species. Instead, occupation of the site has been
restricted to a few, otherwise rare, species
(Grassle, 1977). Similarly, sampling of the vast
‘mud slide’ to the south of the Canary Islands
in 1979 showed that the slide is almost totally
devoid of benthic organisms. The slide was
originally recorded by Embley and Jacobi
(1977), and although its exact age is uncertain,
recolonisation of the slide is proceeding extreme-
ly slowly.

Thus the dispersal capabilities of organisms
inhabiting the vents and abyssal plains are very
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different, and appear to relate to the long-term
stability of their habitats. Little is known about
the reproductive strategies of hadal species, but
depending upon the degree of environmental
instability and unpredictability produced by
their seismic activity, they may well be forced
to adopt strategies that increase their ability
to disperse.

SIGNIFICANCE OF TRENCH FAUNAS AND
MICROFLORAS TO WORLD CONSERVATION

World conservation should have three principle
aims: (a) to maintain ecological processes, (b)
to maintain renewable resources, and (c) to
maintain ecological diversity. Ocean-trench sys-
tems are probably never going to provide biolog-
ical or mineral resources that Man will be able
to exploit economically, but may nevertheless
be damaged environmentally through negligence
and ignorance. The small size of the trenches,
combined with the very sparse densities of the
inhabitants, means that the populations of all
the endemic species are very small. Although
they are likely to be adapted to severe localized
disturbance caused by seismic events, they
must be considered vulnerable to trench-wide
disturbance. Therefore, the scale of disturbance
must be kept small relative to the overall size
of the trench system. Although the level of
endemicity is high, the actual numbers of endem-
ic hadal species known are small in terms of
the total ocean fauna and microflora, and will
probably remain so even when our knowledge
becomes more comprehensive. Similarly, there
are probably no important ecological processes
involving the general oceanic biomes and com-
ponent ecosystems that are in any way dependent
on the integrity of the hadal faunas.

However, these faunas and microfloras are
important for physiological studies in learning
how living processes adapt to the extreme con-
ditions of high hydrostatic pressure. The similar-
ity between pressure effects and the physiological
effects of anaesthetics could be the key to im-
portant medical advances.

The various trench ecosystems form a series
of ‘natural experiments’ in which the principal
physical environmental parameters are kept
constant and the food supply is varied in quantity
and in the degree to which it is seasonally pulsed.
These ecosystems could provide a variety of
test-beds for the critical assessment of ecological
theories developed by studying terrestrial habitats
and communities. Such theories are fundamental
to the ways in which we should seek to manage
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and conserve the World’s ecosystems. Whereas
there have been pragmatic statements as to
why natural biota and communities must be
conserved for the good of Mankind, it is also
immoral to damage needlessly a remote and
largely unknown assemblage of organisms—even
if they are out-of-sight, out-of-mind, and appar-
ently of little importance to the general ecological
processes in the ocean—through negligent and
ignorant abuse of the oceans.

POTENTIAL THREATS

Environmental threats to the hadal faunas
may be via direct damage to the animals them-
selves, such as through pollution by the dumping
or accidental loss of toxic chemicals, or by direct
mechanical interference by ocean-floor mining,
or even by excessive scientific investigation.
Alternatively, the threat may be indirect: for
example, if the surface productivity is either
significantly decreased or decoupled from the
deep-water column by overexploitation, or
increased so much that eutrophication leads
to the development of anoxic conditions in
deep water. This latter process occurs naturally
in the tropical Eastern Pacific and the Black
Sea, but has been induced by Man in enclosed
seas such as the Baltic Sea and some fjords.

The geographical separation of the various
ocean-trench systems should limit the threat
to just one of them, unless the threat is global
(such as the uncontrolled use of persistent toxic
chemicals). Any such global threat would be
recognized in other environments long before
its influence would be noticed in trench faunas.
Indeed, so little is known about trench faunas
and microfloras, and so high is the cost and time
involved in their study, that it is doubtful if
changes in the faunas would be noticed even
if they were quite drastic.

The purposeful or accidental introduction
of large quantities of toxic substances into
an ocean-trench system would create the con-
ditions for a catastrophic disruption of its eco-
system. Far too little is known of current veloc-
ities or diffusion rates within trenches to be
able to predict how extensively the damage
would be spread; indeed, far too little is known
even to guess as to how fast the system would
recover if it was partly destroyed, or even if it
would be able to recover at all. Purposeful dump-
ing of toxic substances in the sea is limited by
International Convention (Norton, 1976). As-
suming that the Convention continues to be
effective, dumping offers no threat. However,
one type of disposal is being actively considered
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and research is being done in an attempt to assess
its feasibility, namely the sea-bed disposal of
high-level radioactive waste (i.e. o-emitting
radioisotopes with long half-lives).

World energy demands will in time exhaust
many reserves of fossil fuels. There is little evi-
dence that the technology of exploiting renew-
able resources is likely to be advanced enough
to bridge the energy-gap, nor does it seem likely
that sufficient energy will be generated from such
sources in the foreseeable future. Nor is it by
any means certain that the full development of
such resources will be environmentally accept-
able: the prospects of vast areas of land surface
being covered with sugar-cane and windmills,
and every estuary being used to generate tidal
energy, are scarcely compatible with our hopes
for the world’s future. The development of
nuclear power is probably important for the
political stability of the world, and hence to
conservation interests, so long as adequate safe-
guards can be developed. But one of the major
problems is how to dispose of the wastes. There
are two methods of disposal that are considered
practical—disposal in geologically stable crystal-
line rocks on land, and disposal in (or possibly
on) the deep sea-bed.

Whereas land disposal is generally considered
to be the safer in the long term, nuclear power
agencies in several countries have local opinion
violently opposed to their even carrying out
preliminary site-investigations. Therefore, the
feasibility and safety of sea-bed disposal is being
actively investigated. For this, the waste materials
will be converted into a highly refractory form
—such as a vitrified glass—and encapsulated
in a resistant alloy casing. Alloys are being devel-
oped that should resist corrosion in the deep
oceanic environment for at least 1,000 years,
after which period reprocessed waste would
have a radiation level as low as that of the original
ore from which it was extracted. Unreprocessed
fuel, however, will always maintain higher levels
of radioactivity. The cannisters containing the
waste would probably be buried several tens of
metres down in sediment, but some countries
consider this to be an unnecessary safeguard.

Site criteria which have been laid down for
possible dump-sites are that they should be (1)
tectonically stable, (2) climatically stable, (3)
remote from areas exploited for resources, and
(4) highly predictable over geological time-scales
(Anderson, 1979). It is clear from the geological
background of ocean trenches that they fail
to fulfil two if not three of the site criteria.
The naive attraction of disposal within trench
systems is that subduction would lead to the
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movement of isotopes down towards the Earth’s
centre and so out of the Biosphere. However,
the average subduction rates of 2—6 cm per year
are too slow for effective removal. The accidental
sinking of a vessel loaded with cannisters being
transported to a disposal site is unlikely to have
any more than a very localized effect (e.g. Hessler
and Jumars, 1979; Cohen, 1980), particularly as
levels of natural radiation are so high on the
sea-bed that hadal organisms are likely to be pre-
adapted to withstand moderate levels of radi-
ation.

At present there are no reports of mineral
deposits within trench systems which suggest
that they are never likely to be economically
viable for exploitation. Manganese nodule
deposits of commercial size tend to occur along
the edges of the highly productive equatorial
zones, well clear of the trench systems. Metal-
rich brines, such as occur in the Red Sea or are
discharged from hydrothermal vents (e.g. Ed-
mond, 1981), tend to occur in close association
with spreading centres at the mid-ocean ridge
axes. These vents pose a much more critical
conservation problem, but geographically they
are sufficiently remote from trench systems
not to merit further discussion here. Further-
more, any sediment plumes produced by mining
activities would have sunk out of the photic
zone by the time they drifted over trenches,
and so would not threaten the organic input
into the hadal communities.

Direct interference by Man by the emplace-
ment of instruments or cables on the trench
floor, whether for peaceful purposes or other-
wise, is unlikely to be on a scale to produce
more than minor disturbance. Another form
of direct interference is by sampling from re-
search vessels. Multiple-repeated tows with
trawls or dredges over long distances across a
trench floor would cause mechanical disturbance,
particularly if the gear were so badly operated
that the trawl warp dragged along the sea-bed
in front of the sampler. The scouring and resus-
pension of sediment may cause mechanical
damage and the clogging of the filters of filter-
feeding organisms. However, the time and ex-
pense of deep trawling will probably never
permit oceanographers the luxury of being
able to sample trenches at an intensity that
could cause serious damage to them. Moreover
monitoring the extent and frequency of scientific
sampling in trenches should not present any
difficulties because, through the international
exchange of data, the information is readily
available from the major oceanographic data-
centres.
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A greater danger to an individual trench-
system would be the accidental sinking of a
vessel carrying a large load of highly toxic sub-
stances. In the relatively small volume of an
ocean trench-system, especially if there is a low
flushing-rate, catastrophic poisoning of a large
part of the system could ensue. In shelf-seas,
removal of toxins from the ecosystem occurs
by biodegradation, and by chelation or absorp-
tion onto particles which sediment out. In
trenches, microbial activity is at a relatively low
level and the microorganisms do not appear to
be able to adapt quickly to new substrates. When
the submersible ‘Alvin’ was recovered from the
sea-bed several months after it had been accident-
ally flooded and sank, sandwiches left inside
were unaffected by biodeterioration (Jannasch
and Wirsen, 1973). There is an argument as to
whether this indicated low microbial activity
or merely that bologna sausage with preservatives
was an unsuitable substrate for deep-sea Bacteria
(Yayanos et al., 1979) although later experiments
have suggested that the preservatives were not
responsible for the inhibition of bacterial growth.
However, the observation does indicate a low
ability of these microorganisms to adapt quickly
to unusual substrates, and so they would be
unlikely to play a major role in detoxification.
Similarly, although sedimentation rates in
trenches are very high in comparison with those
over abyssal plains, they are still slow relative
to those in shelf-seas. So removal of toxic sub-
stances by chelation and absorption onto partic-
ulates will also be slow. The routing of vessels
carrying such toxic loads so that they do not
run along the axes of ocean trenches, would
minimize the risk of serious accidental pollution
of the latter.

CONCLUSION AND SUMMARY

Ocean trenches provide a series of isolated
and specialized environments containing a spe-
cialized fauna and microflora with a high degree
of endemism. The physical environmental para-
meters are highly stable, but the seismic activity
and the high sedimentation rates create a much
less stable environment than is offered by the
abyssal plains. Consequently, the communities
inhabiting ocean-trenches are likely to prove
less fragile to environmental disturbance than
communities inhabiting more stable habitats.

The trenches are very difficult of access and
offer no known exploitable mineral resources,
so direct human interference is unlikely to
create conservation problems. However, because
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of their small dimensions, a research programme
concentrated on even a single trench-system
could prove disastrous for a single system. The
disturbance and ecological disruption.

Most indirect threats to trench ecosystems
will first affect other, shallower ecosystems,
so hopefully any serious damage can be averted.
However, the sinking of a vessel with a highly
toxic cargo into a trench with a low flushing-rate,
could prove disasterous for a single system. The
chance of such a disaster destroying a trench
ecosystem would be minimized by routine vessels
carrying toxic cargoes at right-angles to trenches
if it is not possible to steer clear of them com-
pletely.

Three of the four basic criteria, laid down by
the International Atomic Energy Agency, for
site selection for the disposal of high-level radio-
active waste in or on the deep-sea bed, are not
fulfilled by deep-ocean trenches. Such trenches
are, and must continue to be, excluded from any
considerations of deep-sea disposal of high-
level radioactive waste, or indeed for the dump-
ing or disposal of any materials permitted (or
not permitted) under the present international
dumping agreements.

So little is known about trench faunas and
microfloras, and so high is the cost and time
involved in their study, that it is doubtful if
changes in them would be noticed, even if they
were quite drastic. Monitoring of trench eco-
systems with present-day technology is neither
feasible nor likely to detect changes induced
by Man’s activities.

With our present knowledge and technology,
the unique faunas and microfloras of ocean
trenches would not seem to be in any critical
danger. Conservation agencies do not need to
take any immediate action for their conservation,
but should maintain a watching brief in case any
future developments might increase the vulner-
ability of these remote and unique systems.
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