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The deep sea is the largest ecosystem on Earthibwlso the least understood. The
seas cover 71% of the Earth’s surface and 65%i®fitopen-ocean. 88% of the open
oceans are deeper than 1km and 76% have depth§lah IHerring, 2002). Ocean

trenches are the deepest parts of the oceans dtted hone) the Marianas Trench is
up to 10,912m deep. Such a vast habitat represemisge challenge for marine
research and for management of human impacts onerlde.

For the purposes of this short paper, | considerdibep-sea as all areas of the ocean
deeper than the continental shelf. This is genetadlow 200m depth, although in
some areas, such as Antarctica, the shelf is meepat (600m). In the pelagic realm
(open ocean), this depth approximately correspdodihe epipelagic zone, where
photosynthetically available light penetrates tidage of the ocean. Below this is the
twilight or bathypelagic realm. Here, some light g8ll detectable, although not
enough for photosynthesis, and animals are spgcalapted to live in low light
conditions. Below this, the water column is refdrite as the abysso-pelagic realm
with the interface between the water column andéaserof the seabed known as the
benthopelagic or suprabenthic zone. The seabedhdey@ continental shelf is also
classified into several zones based on depth aophysical characteristics. The edge
of the shelf is known as the shelf-break and tisisthie transition zone to the
continental slope that goes from 200m to about #0Qfepth. In places, the
continental slope is cross-divided by canyons, Witonnect the continental shelf to
the deep sea. At 3,000 - 4,000m there is a grathakase in the gradient of the slope
(sometimes called the continental rise) until tkal®d becomes the relatively flat,
sediment covered abyssal plains. These cover aavesatof the ocean floor and are
interrupted by topographic irregularities such hgsaal hills and seamounts and the
mid-ocean ridges. In some cases the abyssal pimsbounded by deep-ocean
trenches that occur where oceanic tectonic plates subducted underneath
continental plates.

Until the late 18 century the deep sea was considered as azoid amb ionly with
the Challenger expedition (1872-1876) that it wealised that animals live to depths
of at least 5,500m. Life in the deepest reacheshefoceans was confirmed by
subsequent expeditions including the Danish Gataghx@edition of 1950-1952 which
recovered animals from depths greater than 10,0@dmee the 1960s, scientists have
studied the life of the deep oceans using a vaoétgemi-quantitative (trawls and
dredges) and quantitative (box cores and mega-Jcsespling methods and more
recently this has been supplemented by direct vasens of the seabed using
submersibles and remotely operated vehicles. Ta#eds still amount to sampling
only a tiny fraction of the deep sea but have ricea startling diversity of marine
life.

The most species-rich habitats of the deep setharsurface and upper layers of the
sediments that cover most of the deep-sea bedsddiments are inhabited by species
of animals belonging to a range of phyla, varyingize from single-celled protists to
large sea cucumbers and urchins. The most divexagpg are the small animals



living in the sediments including the tiny nematadarms, the segmented polychaete
worms, molluscs, including bivalves and gastropaxd peracarid crustaceans (Gage
& Tyler, 1991).

In 1992, Grassle & Maciolek analysed samples ofmais from the seabed along a
transect on the continental slope of the easterA.U3ey extracted over 90,000
specimens of animals belonging to nearly 800 speamany of which occurred rarely
in the samples and a few of which comprised >2%hefspecimens. Extrapolations
from this dataset suggested that, considering tbe af deep-sea bed in the world’s
oceans, there maybe as many as 10 million spetid®eideep sea. Some scientists
considered that this was an underestimate of diyeas the Grassle & Maciolek
study had included larger animals but not the vemyall animals found in the
meiofauna (animals <0.5mm but >0.063mm).

In the last 2 years scientists have begun to thlmdut the diversity of species in the
deep-sea in a different way (Lambshead & Bouch8032 Rex et al., 2005). In
particular, it has been recognised that in largatats, such as the sediments of the
continental slope and abyssal plains, samplesratdiy biologists actually represent
the regional fauna. Given the size of the habitatslved, the sampling effort to get
an estimate of regional biodiversity is much lartfean that usually encompassed by
deep-sea studies. This means that generally, the saonples taken, the more species
will be found. Relatively few species may actuddly present in significant numbers
at any one place in the deep sea but these magbaniiortant ones representing
ecologically important and reproductive populatiohBis occurs because of “source-
sink dynamics”, where the larvae and juveniles afime animals disperse over large
areas of the deep sea, but many settle in aregsamatularly suitable for them and
whilst they can survive as adults they do not rdpoe (“sink populations”). Species
will tend to be more abundant in areas where camditare suitable for them and it is
in these places where “source” reproductive popriatexist. Regional species pools
also affect sampling in pelagic planktonic and peld communities. If a transect
running from the coast out into the ocean is sathpliea given latitude then the
oceanic samples will be more diverse than the abastause the former represent a
sample of the diversity of a large regional poolspEcies. At a regional or global
scale, however, the diversity of coastal plankt@ectes is higher as nearshore
environments are more fragmented and physical tondi change over a given
distance more than in the large ocean gyres.

The implications of source-sink dynamics are thet éxtremely large estimates of
species richness in the deep sea (100 million)ikety to be wrong. However, the
deep oceans are still a very large habitat andhtimebers of species present are still
likely to be large. The way species are distribugedritical in terms of management
of high-seas biodiversity. If, for example, all s{gs are present everywhere, then we
would expect that even damaging a large area oti¢lep seabed would not risk the
extinction of species. However, if species arerithgted at a regional or sub-regional
scale, then significant impacts within a region|wiin the risk of eliminating
populations or even species.

Depth has a strong influence on the abundance,iespachness and species
composition of communities living on or in the sedb(e.g. Rex et al., 2005).
Abundance and biomass of communities decreasesnerpally with depth but



species richness peaks at mid-slope depths (1,80000m depending on locality and
groups of animals studied) and then decreases dswie abyss. Data on species
richness in the deeper parts of the slope isvaily limited by lack of sampling so this
pattern is not certain at present. Another pattiean is clear from deep-sea studies is
that species exhibit zonation in their distributiwith depth (Carney, 2005). Moving
from the shelf break to the abyssal plains the ispgmresent on and in the sediments
of the seabed change (turnover). A zone of higltispeturnover occurs from the
shelf break to depths of 500m and then anothepptoaimately 1,000m and finally
there is a transition to an abyssal fauna from@1060,000m.

The distribution of species across parts of theaona the same depth (isobaths) is not
well understood. This is because of the limitatiohpresent sampling, especially at
abyssal depths, and problems in identifying spe@gé®nomy). Abyssal species tend
to show restricted geographic distributions to @wean or region as the abyssal
plains are divided by the continents and by the-owi€an ridges (Vinogradova,
1997). In addition, latitude has an influence ostrihution of species suggesting that
historical factors, surface productivity pattermsl aother parameters correlated with
latitude also influence species diversity. Latinaligradients in species diversity have
been detected for some groups of deep-sea aniReset al., 1993).

Asides from the sediments of the abyssal plains @dinental slope, there are a
number of other habitats in the deep oceans inofudseamounts, hydrothermal
vents, hydrocarbon seeps, other reducing habitatelé falls, extreme oxygen
minima), cold-water coral reefs, canyons and treaadrenches.

There are up to 100,000 seamounts in the worldsaies with an elevation greater
than 1,000m (Wessel, 2001). However, smaller featare significant in terms of
their influence on species distribution and abucdais a result, a new definition of
seamounts has been accepted recently by biologists:

“Protruding irregularities or bottom features that rise greater than 100m from the sea
floor”

(New Zealand Ministry of Fisheries draft Seamourandgement Strategy; Rowden et
al., 2005)

The seamounts online database indicates that a®@dit seamounts have been
biologically sampled, although a recent study (Reg# al., in submission) indicates
that 271 have been sampled for corals. Researclalbasnot been even across the
globe, with areas such as the entire Indian Ocaaah|arge parts of the northeastern,
western, equatorial and southern central Pacibcitts Atlantic and Southern Oceans
being largely devoid of sampling.

Studies have suggested that the biodiversity ahseats can be high and that there is
a high level of endemism associated with them ([Degés et al., 2000). In the

southwestern Pacific, for example, up to a thirdspécies sampled from seamounts
have been new to science and even adjacent seasrappear to have quite different
communities of species. In some cases, the higrsity of species is associated with
fragile cold-water corals reefs. To date, the nudgtrse group of organisms found on
seamounts are corals belonging to the Scleracfisiany corals); Octocorallia



(gorgonians); Antipatharia (black corals); Stylaiske (hydrocorals) and Zoantharia
(zoanthids) (Rogers et al., in submission). Analysi the distribution of corals on
seamounts showed that the distribution of the rgesips is significantly affected by
depth. It also revealed that several areas in thrdvihave a high diversity of corals
on seamounts, including the southwestern Pactiie, fortheastern Pacific and the
North Atlantic. However, sampling strongly influezscthis dataset and high diversity
in the North Atlantic is probably a result of comgi@vely large study effort in this
area. It is notable that the distribution of corats seamounts did not reflect the
overall global distribution of many coral speci€arals frequently were not sampled
on seamounts in parts of the world where they otcother habitats. This reflects the
low overall sampling effort, especially in somedbies, but also suggests that the
distribution of organisms on seamounts is stronigiffuenced by the physical
characteristics at a particular locality and tredrsounts may operate like submarine
islands.

This has strong implications for the interpretatmfndata from previous studies on
seamounts. The species diversity of islands dependseir area, distance to sources
for colonising species, rates of species immigratiad extinction and other factors.
Thus, large differences in the species compositibeeamount communities maybe
found even on adjacent seamounts because of diffesen the survival of colonising
species resulting from differences in physical ¢bowls and random factors
associated with recruitment. This also suggests $hamount communities should
resemble to some extent depauperate versions atesquopulations. There is
evidence for this in at least some North Atlangammounts (Piepenberg & Miiller,
2004). As with islands, the geographic isolatios@@mounts can lead to reproductive
isolation of populations and subsequent speciafldns suggests that endemism is
likely on seamounts and will probably be a functafrgeographic distance to source
populations (the continental slope).

Seamounts harbour abundant populations of seahiethlanand fish compared to

surrounding deep-sea habitats. This is thoughtewult from processes such as
trapping of plankton (trophic focusing) rather thawereased primary productivity

resulting from localised upwelling (e.g. Rogers949Genin, 2004). As a result of
increased food abundance, seamounts are a foaasiwfy for large ocean predators.
Some species of fish spawn over seamounts, ingudirange roughy and the

Japanese eel.

Hydrothermal vents and hydrocarbon seeps have \gpgcialised faunas,
characterised by low biodiversity but very high emism. The animal communities
in these habitats are driven by chemosynthesisp#ingerial oxidation of hydrogen
sulphide or methane. These habitats cover verylsmehs of the seabed and are
located along mid-ocean ridges or back-arc badmysr6thermal vents) or along
continental margins (seeps). Specialised animatshaanities only occur in the deep
sea around these habitats and are not typicaladfoshwater vents and seeps. These
habitats have now been found all over the world iamsl likely that many more will
be discovered. Some similarities exist betweerfahea of seeps and that associated
with the breakdown of whale carcasses.

The largest reducing habitats in the world areesw&r oxygen minimum zones. These
occur in parts of the world where surface produistiis high and water circulation



low. Bacterial respiration strips oxygen from theater column and sediments.
Extreme oxygen minimum zones are very poor in ggediversity and have a very
specialised fauna of animals adapted for life ipdxic environments. However, there
can be a marked peak in abundance and diversigpeties immediately beneath
extreme oxygen minimum zones as a result of enltbasigeply of organic material.

Cold-water coral reefs occur on the shelf break eodtinental slope around the
world but are also found in fjords and on seamoamd banks (Rogers, 1999). As
with tropical, shallow water reefs, a rich faunaasfimals is associated with cold-
water corals reefs. These animals are found orithgy coral, on and in the dead
coral framework and in the sediments associateti Wie coral reef. Over 1,300
species have been found associated with reefs tbbyiehe coralophelia pertusa
off the coasts of Europe (Roberts & Gage, 2003). tm seamounts, south of
Tasmania, reefs formed by the caBalenosmilia variabilis are also associated with a
rich associated fauna up to one third of which re® species (De Forges et al.,
2000). Cold-water coral reefs develop in areas wiltieis is a combination of specific
physical and biological characteristics, includihg presence of hard substrates, the
occurrence of specific water masses, and strormgmis; bringing a rich food supply
(Rogers, 1999; Freiwald et al., 2004). Reefs mag thousands of years to develop
(>8000 years in the North Atlantic) and individwalrals grow at a rate of 0.5 — 2.5
cm per year.

Other corals, especially gorgonians may form bedsneadows which may also
harbour a variety of other species and which foomading sites for large predators
(e.g. Hawaiian monk seals; Parrish et al., 200Res€ corals may live for several
hundred years.

Canyons are subject to vigorous currents and d&ea ofie site of increased biological
activity. This manifests as very abundant poputegiof a limited number of species
and the occurrence of large marine predators ssiegthales. Trenches are dominated
by a low diversity of species, which tend to beanit to a single trench or group of
trenches (Vinogradova, 1997). These may occur atgher density than similar
animals from the surrounding deep sea.

Vulner ability of deep-sea ecosystems

The depletion of fisheries on the continental skel§ led to an increasing move to
exploit offshore fisheries resources since the $9B@ep-sea fishing now takes place
to 2000m depth and targets fish populations onstielf break, continental slope,
offshore banks and seamounts. Several types oh@isire deployed on the high seas
including trawling, static nets and long lining. épesea fish live in food-limited
environments with low natural rates of mortalitigve growth rates and low rates or
recruitment to populations. Fish, such as the eraogghy or grenadiers live for in
excess of 100 years and in some cases will notraiutil they are 20-30 years old
(Rogers, 1994). Such conservative life historiexdee populations of deep-sea fish
extremely vulnerable to depletion by fishing. Fi@bpulations that concentrate over
small areas, such as seamounts, to spawn areuytartiwinerable to intense fishing
pressure. As a result, many populations of deegisieasuch as orange roughy, have
been depleted over very short timescales (<5 yeRegently an analysis of North
Atlantic populations of 5 specieg\ntimora rostrata, Coryphaenoides rupestris,



Bathyraja spinicauda, Notocanthus chemnitzi and Macruorus berglax, all caught as
target species or bycatch, has demonstrated tbwptaite critically endangered under
IUCN criteria (Devine et al., 2006). This problesmnot restricted to deep-sea fish but
has also been demonstrated for large ocean predhtdralso often have conservative
life histories (Myers & Worm, 2003).

As well as impact on target and non-target speaidish, marine reptiles, birds and
mammals, some types of fishing are highly destvecto the marine environment.
Bottom trawl gear, designed to cope with roughatierrhas been widely deployed to
catch fish on the continental slope and on bankk ssamounts. Heavy trawl gear
mechanically ploughs the seabed smashing the amitmal are attached to the seabed
or which are not sufficiently mobile to move awdgarge-scale destruction of deep-
sea coral reefs and coral and sponge beds haséemded from many parts of the
world (Freiwald et al., 2004). On seamounts, thererdramework of a cold-water
coral reef along with the associated fauna canebsoved as a result of extremely
intense fishing pressure (up to 17,400 km of tragvlper kni of seamount area;
O'Driscoll & Clark, 2005). Corals are extremely wkgrowing and have low rates of
recruitment, which maybe sporadic (Rogers, 1999awling may also alter the
habitat in which they live to the extent that inis longer suitable for colonisation by
larvae. Even where corals are not completely dgstrdoy trawling they maybe
reduced to a size where they can no longer repeodUdaller & Tyler, 2005).
Recovery from such fishing impacts may take hungli@deven thousands of years, if
recovery is possible at all.

The other major threat to the deep-sea faunansatd change. It is known that past
climate change events have had a dramatic impaitteodistribution of animals in the
oceans, including the deep sea, and may have piyeajor role in shaping patterns
of biodiversity today (Rogers, 2000). Changes imgerature, oxygenation and
patterns of productivity all have the potentialdi@matically impact the distribution
of deep-sea animals. More recently, it has beeagrésed that as a result of ocean
acidification large parts of the oceans will beconmeler-saturated in aragonite and
calcite. This is likely to have a significant impamn cold-water corals and other
animals with aragonite and calcitic skeletons (@ral., 2005). Corals and associated
species will be affected indirectly through dissimin of dead coral skeletons, on
which many corals settle, and which form the frarmewof reefs. Corals may also be
directly affected as a result of increased diffiesl in uptake of aragonite and skeletal
erosion. Scleractinia, appear to be less diversieeifNorth Pacific than in the Atlantic
or southwestern Pacific, possibly because the argyosaturation horizon is
shallower in the North Pacific.

Other activities that currently or are likely to pact the deep oceans include the
extraction of oil, gas, methane hydrates and miwingolymetallic sulphides (around
vents) or manganese nodules (abyssal deep-seapc€has are already contaminated
with a range of human wastes, especially includatigker, coal and plastics
discarded or lost from ships but also munitions eweh nuclear waste.
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