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SYNTHESISAND REVIEW OF THE BEST AVAILABLE SCIENTIFIC STUDIESON
PRIORITY AREASFOR BIODIVERSITY CONSERVATION IN MARINE AREAS
BEYOND THE LIMITSOF NATIONAL JURISDICTION

Marjo Vierros and William W. L. Cheurfy

|. Background

In paragraph 44(a) of its decision VIII/24, the @ence of the Parties requested the Executive
Secretary to synthesize, with peer review, the &esilable scientific studies on priority areas for
biodiversity conservation in marine areas beyoribnal jurisdiction, including information on
status, trends and threats to biodiversity of ttereas as well as distribution of seamounts, cold
water coral reefs and other ecosystems, their ifumiag and the ecology of associated species,
and to disseminate this through the clearing-hansehanism. In undertaking this task, the
Executive Secretary was asked to work actively widhd to take into account scientific
information available from, the range of relevantpertise available in governmental,
intergovernmental, non-governmental, regional awgengific institutions, expert scientific
processes and workshops, and, indigenous anddooahunities, where appropriate.

The present document is the first attempt to revéawl synthesize existing literature for the
priority habitats listed in decision VIII/24, whicimclude seamounts, cold water coral reefs,
hydrothermal vents and other ecosystems in aregsntenational jurisdiction. The document
presents, in synthesized format, information akibeir distribution, status and trends (where
available), as well as about the threats facingalezosystems. Information about the functioning
of these ecosystems and the ecology of associpésikes is also presented. Finally, the document
reviews work that has been undertaken to identifyrity conservation areas beyond the limits of
national jurisdiction. The document will be peeriesved prior to distribution.

I1. Seamounts

a. Global distribution

Seamounts are isolated islands or island chainsatlerthe surface of the sea. Seamounts are
generally formed over hotspots, which are pointgedquent volcanic activity in the earth’s crust
persisting over millions of yedtsThe sea floor tectonic plates move over thetatiy hotspots
causing seamounts to form. As one seamount isedaavay from the hotspot another forms in
its place, meaning that the oldest seamounts atteeki away from the hotspot. The movement of
tectonic plates causes seamounts to often formdbams or elongated clusters. Seamounts stay
volcanically active while over the hotspot (2 om8lion years), and their volcanic activity wanes
after they are carried away, Because of their vitcaature, seamounts are found near mid-ocean
spreading ridges, over upwelling plumes and imi$larc convergent settirfgsStudies suggest a
connection between the height of the seamountladge (and thus the strength) of the tectonic
plate, and to a lesser extent melt availability eveyma driving pressute

Because seamounts do not break the sea surfac&knowledge of their distribution comes
primarily from remote sensing. Traditionally, seamts have been mapped by acoustic echo
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sounders on oceangoing research vessels. Howeaause of the vastness of the oceans, it is
unlikely that this method can be used to comprelielysmap seafloor bathymetry. Alternative
methods include the use of satellite altimetry simeated primary productivity to infer seamount
locationd ° . Such studies indicate that seamount numbers dfieull to estimate, but,
according to the Census of Marine Life, there aremtially up to 100,000 seamounts over 1 km
high and many more of smaller elevafioffhey are found in every ocean basins and most
latitudes. Nearly half of the world’'s seamounts &vend in the Pacific Ocean. The rest are
mostly found in the Atlantic and Indian Oceans, amdrall there is a considerable bias towards
the southern hemisphér&igure 1 presents a map of estimated seamountdacat

Figure 1: Estimated distribution of large seamodnfBhis map displays approximately 14,000
particularly well-defined (conical), seamounts. llttng a wider range of seamount shape and
size could increase their number to 100100

b. Status and trends

Relatively few seamounts have been studied, with @nout 350 having been sampled. Of these,
less than 100 have been studied in any detail, nmanaters within national jurisdiction. Figure
2 presents a map of studied seamounts as prepar8géamountsOnline, a global database on
seamounts.
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Figure 2. This map shows the seamounts for which SeamouhteOuourrently has data.
However, in many cases, they only have recordsnaf or a few species - the number of
seamounts, which have been well sampled is mucHlegmdn creating this map, a strict
defilnlition of "seamount" was not used - the mapuides some features that are less than 1000m
tall.

Although seamount biodiversity is still poorly umsi®od on a global scale due to lack of
sampling and exploration, available research ressiiggest that seamounts are often highly
productive ecosystems known for their ability t@gort high biodiversity and special biological
communities, including cold water coral reefs adl e abundant fisheries resources, marine
mammals and seabifdsThere is also evidence of high levels of endespiecie$’ **, although
these levels may vary between individual seamduni&ccording to a recer€ensus of Marine
Life Workshop, “seamounts represent important estesys for study that have not, to date,
received scientific attention consistent with theislogical and ecological valu&’International
initiatives such as the Census of Marine Life dtenapting to fill key knowledge gaps relating to
seamount community structure, diversity, endemesmad, the impacts of exploitation on seamount
communities. However, due to the large number afrgmints, their widespread distribution, and
large variability of physical and biological chatextstics, it will take time before all questions
can be answered.

Trend-related information is primarily availablerigards to seamount fisheries. According to a
preliminary assessment of global seamount fish@riestimated catches of primary seamount
species such ameosomatids (Oreo), Hoplostethus atlanticus (Orange roughy) anbissostichus
eleginoides (Patagonian toothfish) remained low at less th@®tonnes from the 1950s to the
mid-1970s, but then increased to over 120,000 twimmehe early 1990s. Catches of secondary
seamount species (mainly tunas and mackerels)asedefrom less than 50,000 tonnes in the
1950s to around 350,000 tonnes in the 2000s. Pyiseaimount species include those species
whose survival depends on seamounts, while secprsg@mount species are commonly found
on seamounts, but are not exclusive to tfiefRapid increase in catches of primary seamount
species in the mid-1970s resulted from the avditglmf technology to find and explore deeper
and distant fishing locations such as seamdthtsCatches of primary species appear to have
peaked overall by the early 1990s, by which tinrie likely that almost all productive seamounts
were accessible to fisheries. It has been suggdbtdthe apparent increase in catch was
sustained by serial depletions of previously uneitgd and inaccessible stocksThe increased
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interest of fishing fleets in seamounts beyondamati jurisdiction may have been driven by the
depletion of many coastal shelf fisheries and titeoduction and enforcement of 200 nautical
mile exclusive economic zones (EEZs) around masbmst productive inshore watéfs

c. Threats

Seamount ecosystems are vulnerable because ofytrmiraphical isolatiéhand because of the
characteristics of their associated species, winichude fragile cold water coral reefs, and long-
lived, slow growing fish species. The biggest cuotrthreat to seamounts comes from fishing
activities. Because of their high productivity, seaint ecosystems are often characterized by
abundant fisheries resources in comparison to tmeounding open ocedn Seamounts are
thought to be targets of recently developed higimtelogy fisherie€, with serial depletion and
reduced genetic diversity the suggested resultexpfoitatiorf® ** *. This has made many
scientists cautious about the ability of seamousasito support unlimited exploitatiéh?’ 2 2°,
Watson and Morato (200%)showed that seamount fisheries collapsed fastkregovered more
slowly than non-seamount fisheries. Many specieso@ated with seamounts, particularly
primary seamount species, such as oreo, orangehyoagqd Patagonian toothfish, are
characterized by slow growth, longevity, late séxuoaturity, and restricted distribution,
rendering them highly vulnerable to fishihd. Over-exploitation of the pelagic armorhead over
the Pacific seamounts northwest of Hawaii and #ak depletion of orange roughy stocks
between southeastern Australia and New Zealandxamaples of fishing as a threat to seamount-
associated speci@s

Seamount trawl fisheries also have severe impactthe benthic communities on seamounts,
including fragile habitats such as cold water cogaid other invertebrafésComparative surveys
of benthic macrofauna community structure at faarsounts found intact coral cover only on
the un-fished and very lightly fished seamountse Bhbstrate of the heavily fished seamounts
was predominantly bare rock (>90% at most depthijie the existing coral material was either
rubble or sand. Data suggest that virtually aletaggregate, living or dead, was removed by the
fishery, leaving behind bare rock and pulverizedhtoubble. The results showed that the impact
of trawling on complex seamount reefs appears taliaenatic, with the coral substrate and
associated community largely removed from the niestvily fished seamounts. At shallow,
heavily fished seamounts, most of the shift in camity composition could be ascribed to the
impacts of trawling, which effectively removed tltmminant colonial coralSolenosmilia
variabilis, and its associated fauiRaBecause so few seamounts have been surveyediniti
possible to say what percentage of all seamountsally have already been impacted by fishing
and other human activities.

Other threats include the mining of deep water lsaaasociated with seamounts for the jewelry
trade, bioprospecting, potential future seabed mginirelated to mineral resources of

ferromanganese crusts, and possible future exptoitaf methane gas hydrates found in some
deep water sediments as an energy sdur€émate change may also present a future threat.

d. Functioning of this ecosystem and ecology of associated species

Upwelling of nutrient-rich water around seamountaken them highly productive ecosystems,
capable of supporting substantial biodiversity.v@ys in the Tasman Sea and southeast Coral
Sea discovered more than 850 macro- and megafapeaies, of which 29-34% are new to
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science and potential seamount endemics. The dagested that seamounts that occur in
clusters or are positioned along a ridge systenhifigve highly localized species distributions
and high endemisth Other studies have found high polychaete divefsitith a decrease in the
number of species and the number of individualk wipth°. Studies on seamounts off Southern
Tasmania found that 60% of near-bottom fish specaeght had not been previously recorded in
the Australian ichthyofauna, or were undescribduds Thdicates a specialized fauna restricted to
the seamounts, probably containing many endemiciegpeNumber of fish species appeared to
diminish both on the deepest seamounts and on tis¢ meavily fished seamounts. Invertebrate
samples taken in the same area found that 26-44g¥itiné new to science, and 35% appeared to
be restricted to the seamount habitat. Approximat8% were endemic to the regfnDense
and diverse invertebrate communities are found @smianian seamounts dominated by
suspension feeders, including reef-forming and goian corals, hydroids, and sponges. 24-43%
of these species are new to science and 16-33%rafemic to the seamount environniént
These and other studies support the hypothesiséaatounts are biodiversity hots{ots

Marine top predators, such as bigeye tumbuiinus obesus) and yellowfin tuna Thunnus
albacares) in Hawaii, are often found aggregating aroundnsmmté®. As indicated in the
previous section, several studies have focuseti®@rulnerability of seamount species to fishing.
Seamount aggregating fish are found to be, on geetaiologically more vulnerable to fishing
than other marine fish. Seamount fish, particuldeggpwater demersal fish, are large-sized, slow
growing, and late maturing. These life history elueristics render them less able to withstand
fishing mortality* *° “°.  Additionally, the localized distribution of maryenthic seamount
species greatly increases the threat of extinegrmhmay require that conservation and protection
of seamount communities be undertaken on a loedd’sc

In addition to acting as feeding grounds for fisaesl marine mammdfs seamounts can also
attract seabirds, which feed on prey items conagdraround seamounts. An aggregation of
seabirds over Fieberling Guyot, an isolated midaoceeamount in the eastern North Pacific
Ocean, was found to have seabird density and bdsand 8 times higher respectively than
the surrounding ocean area. Individual seabird ta®ee 2 to 40 times more abundant at the
seamount relative to values reported previouslgnflarge-scale surveys of deep-ocean regions in
the central North Paciffé

Seamounts may play an important role in underst@npatterns of marine biogeography, as hot
spots for the evolution of new species, refugeafmient species, and stepping-stones for species
to spread across ocean badins*%. The degree to which seamounts are geneticallgtesbis not
well understood. Some studies have suggestedhi is limited gene flow between seamounts
only for those species with limited dispersal aieidi, while species with good dispersal abilities
are spread throughout a wider area. Seamounts en&jghly productive zones that can support
numerous species in small areas by acting as soofdarvaé’. Patterns of colonization appear
to be related to dominant current flows in an aee@laining, for example, similarities between
European and African seamount fatfn&luster analysis can be used to distinguish gafp
seamounts with high percentages of similar sp&cipstentially leading to the development of
biogeographic classification of seamounts in thearku

[l. Cold-water corals

a. Global distribution
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Cold-water corals include stony corals (Scleraajinisoft corals (Octocorallia), black corals
(Antipatharia), and hydrocorals (Stylasteridae)eytare widely distributed and have thus far
been found in the Atlantic, Mediterranean, Indiaml &acific Oceans. Most of the cold water
corals discovered to date appear to be on the eddhe continental shelf or on seamodhtshe
majority of cold-water coral reefs have been foundhe northeast Atlantic Ocean, and are
usually dominated by the genluephelia. The largest reef complex in the world, the SuidgR
Complex, was found off the Norwegian coast. Itverol4 km long and grows up to 35 metres
from the sea béd The total area covered by cold water coral regdally is still unknown,
although studies indicate that coverage could equalkexceed, that of warm-water reefs. A
conservative estimate of cold water coral reef cage is 284,300 ke

Cold-water coral reefs and mounds tend to clustéprovinces" where specific hydrodynamic
and food supply conditions favor coral growth. Tlaeg largely restricted to oceanic waters and
temperatures between 4 and 12 degrees C. Theyaezally found in shallow waters (~50-1000
m) at high latitudes, and at great depths (up t004) at low latitudes. There is a strong
relationship between the number of cold-water sckemian coral occurrences and the depth of
the aragonite saturation horizon (ASH), which is thepth below which aragonite dissolves
readily. Aragonite and calcite are supersaturatedurface ocean waters, and become more
soluble with decreasing temperature and increagngssure (hence depth). The global
distribution of cold water coral reefs is not yeelliwknown and new reefs continue to be
discovered®. A map of known cold water coral reefs can baxsedigure 3.

Figure 3: Distribution of known cold-water coral areas lthsen species distributions,
Lophelia pertusa (red triangles)Madrepora oculata (blue circles) an&olenosmilia varialilis
(orange squares) (UNEP-WCMC sourced from A. Fradvi@m various sources)

Several other factors may contribute to the digtidm of cold-water coral reefs. For example,
distribution and abundance of corals has been foungome cases, to be related to large-scale
topographic features such as the shelf breaks miggs, as well as to the types of bottom
structure, near-bottom temperature and saffhitit has also been proposed that a steady
availability of locally-produced nutrients througbkepage from underlying sediments can be the
main factor determining the distribution dfophelia pertusa reefs in Norwegian waters.
However, based on the available evidence, theme jgroof that the Norwegian deep-water coral
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reefs or any other of the world's deep-water caatmmounds and coral reefs are directly fuelled
by seepage. Various pieces of evidence suggesk &ditween the location of reef structures and
seepage of fluids through the seabedSimilarly, relatively high concentrations of ligh
hydrocarbons have been found in the sediments hadbase of thd.ophelia reef in the
Norwegian Sea off mid Norway. It has been propotet there is an upward seepage of
hydrocarbon-charged porewater on which bacteria athér micro-organisms thrive, thus
providing suspension-feeders, including the coraith a substantial and reliable food sodfce

Observations show that black corals (antipathayiamsl horny corals (gorgonians) are more
abundant near peaks of seamounts, compared witislope sites at corresponding depths. The
abundance of corals also increases on knobs amégés. Physical models and observations,
together with direct measurements, suggest thah@aas topography affects the local current
regime. Corals appear to benefit from flow acceiena and some of their patterns of distribution
can be explained by current flow conditi&hs

b. Status and trends

There are still large gaps in our understandinthefdistribution of cold water coral reefs, their
biology and ecology. These gaps are mainly duehéodifficulty of researching these remote
environments, where observation and sampling reguiexpensive ship time including
sophisticated equipment such as submersibles, eiynoperated vehicles, underwater video or
other ship-based remote sensing equipment. .Ouerduknowledge consists of a series of
snapshots of well-studied reefs, most of whichlacated in the higher latitudes. Although cold
water coral reefs are known to exist off the coa$tafrica, South America and in the Pacific,
these reefs have not generally been subjectedadatkstudies and mapping. On-going research
projects in a number of countries and the Europ€ammunity are expected to fill some
knowledge gagé.

According to currently available knowledge, coldteracorals can exist as small, scattered
colonies of no more than a few metres in diametesast reef complexes measuring several tens
of kilometres across. Radioactive dating techrécheve shown that some living banks and reefs
are up to 8000 years old and geological recordanel that cold-water coral reefs have existed
for millions of years®. About 20 of the 703 known species of deep-seaystorals build reef
structures. Major reef forming species incluaphelia pertusa andOculina varicosa (ivory tree
coral). It is estimated that more than a hundregpedsea coral and sponge species live in the
North Pacific off Alaska, at least 34 of which a@rals. Researchers estimate that roughly 800
species of stony corals alone have yet to be desedy.

Cold-water coral reefs support rich and diverseeratdages of marine life, and are home to
thousands of other species, in particular animids $ponges, polychaetes (bristle worms),
crustaceans (crabs, lobsters), echinoderms (s$tarfisa urchins, brittle stars, feather stars),
bryozoans (sea moss) and fisiMore information about species associated witt e@ter reefs
can be found in section d.

The overall ecological health status of cold wateral reefs is unknown. Most of the reefs
studied thus far show physical damage from trawhgvities. Only in a few cases has this
damage been quantified. The Norwegian Institutélafine Research estimated that probably
between 30 and 50% of the coral reefs known tot exiexpected to be found, in Norwegian
waters had been partially or totally damaged bydmottrawling activities, which had been on-
going since the mid-1980s. Widespread trawling dgertaas been documented to coral reefs at
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840 — 1300 m depth along the West Ireland contalesitelf break and at 200m off West
Norway® From 1990 to 2002, the United States federal fistabserver data indicate that
approximately 2,176 648kg of coral and sponge lgkcabccurred in the Aleutian Islands,
equivalent to 52% of all coral and sponge by-catcAlaska. Additionally, damage created by
trawls and other fishing activities has been doauetkin many areas, including in the Northeast
Atlantic, and in Canadian, United States, New Zegland Australian watets Many countries
are undertaking measures for protecting cold wedeal reefs in their national EEZs, though not
in areas beyond national jurisdiction. For examperway was the first country to have
implemented protection measures in European walées.rate of regeneration and recovery of
once-damaged cold water coral reefs is unknownisbegtimated to be on the scale of decades to
centuries for a reef to regain ecological functieving to the very slow growth rate of cold water
coral reef&.

c. Threats

Major threats to cold-water corals include bottsawling, hydrocarbon drilling, seabed mining,
ocean acidification and direct exploitation. At theesent time, bottom trawling is the biggest
threat to cold-water coral reefs, causing mechaficsakage of the reef structure. Cold-water
corals are also threatened by direct exploitatieor. example, the gorgonian cor@brallium
lauuense, which is found on Hawaiian seamounts, is suffemiiyeeding depression (a reduction
in fitness and vigor of individuals as a resulirafreased homozygosity through inbreeding) that
might have been caused by exploitation of its skeléor jewelry making-

There is little evidence that hydrocarbon explmtatsubstantially threatens cold-water coral
ecosystems. The greatest concern is the poteatidkifl cuttings to smother reef fauna, but such
effects would be highly localized compared to tigtutbance caused by bottom trawling. Mining
activities risk causing local extinctions of enderspecies of cold-water corals.

Ocean acidification presents a potentially serifutgre threat. Increase in atmospheric carbon
dioxide (CQ) can increase the acidity of sea water througheased C@dissolution. Current
research predicts that tropical coral calcificatwould be reduced by up to 54% if atmospheric
carbon dioxide doubled. There have been no stadiesamine the effects of ocean acidification
on cold-water corals, but given the lowered carb®msaturation state at higher latitudes and in
deeper waters, these species may be even moregahleéhan their tropical counterparts. Also,
the depth at which aragonite dissolves could becshwdlower by several hundred meters,
thereby raising the prospect that areas once $mifab cold-water coral growth will become
inhospitable in the futufé

As mentioned in the previous section, widespreadling damage to cold-water coral reefs has
been documented along the West Ireland continehtdf break and off West Norway. Coral by-
catch included a diverse array of sessile susperisexers (e.g., sponges, gorgonians, hydroids,
anemones, serpulids, barnacles, bivalves, bryozdaashiopods, crinoids and tunicates). The
study showed that the deep-water reefs in the yggan and Nordleksa areas of West Norway
are especially fragile and easily reduced to rulbyléowed fishing gear. Coral by-catches from
West Ireland had more diverse coral assemblagegthiose encountered in Norway

Cold water coral reefs and associated communitesrang on seamounts may be at increased
risk from large scale disturbances due to the ipedldistribution of seamounts and the limited
larval phase in plankton of many speéie®ich fishery resources associated with seamounts
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attract fishing efforts and indirectly increase tiek of disturbance to seamount-associated coral
reefs.

In addition to the major threats mentioned abowepriospecting may also be a threat to cold-
water coral reefs if unsustainably conducted. Besitheir ecological importance, deep-sea coral
and sponge communities have potential as pharmeaksytnutritional supplements, enzymes,

pesticides, cosmetics, and other commercial preffudthe potential commercial uses of cold-

water coral reefs and associated species, if fqumofitable, may lead to increased scientific

sampling and direct exploitation. Such activitidsineffectively managed, may pose serious

threats to cold-water coral reefs and their assetispecies.

d. Functioning of this ecosystem and ecology of associated species

Cold-water coral reefs, like their tropical warmdashallow-water counterparts, are built
predominately by stony coralsSqeractinia). Unlike tropical reefs, they do not have light-
dependent symbiotic algae in their tissues. Bexaisthis, they depend solely on current-
transported particulate organic matter and zooptankanimal plankton) for their food. They
grow slowly, at only a tenth of the growth ratewsdirm-water tropical corals. Many of them
produce calcium carbonate skeletons that resemiddds or trees, and provide habitat for
associated animal communitiés

Reefs develop after an initial settlement of a tlanwva on a hard substratum. As a coral grows,
polyps in older portions die, and the skeleton be® increasingly vulnerable to bio-eroders

(notably, clionid sponges) and mechanical breakBgeeroded skeletons may break, fall to the

seabed, and extend the perimeter of the reef pa@tese processes are fundamental in creating
the reef framework that, over time, baffles angsrenobile sediment, further building the ré&ef.

There is no doubt that cold-water coral reefs supgiverse communities of unique species.
Species diversity on cold-water coral mounds hanlfeund to be much higher than in the
surrounding sea bottom habftaand cold-water coral reefs are frequently repociedeamounts
where their associated species tend to have higeneisni®. More than 1300 species have been
recorded living on or ifL. pertusa reefs in the northeast Atlantic, a diversity tisathree times
higher than on surrounding soft bottoms. A studytveénty-five blocks of the cordlophdia
pertusa collected from the Faroes, weighing a total ob1i8, found 4,626 individuals belonging
to 256 species. Of the 298 species found, 97 vem@rded for the first time from the area around
the Faroes. When these findings were compared stitthies ofLophelia banks in Norway and
the Bay of Biscay, there were very few overlapshimm associated species, indicating potentially
large differences between sftesand high endemism of cold-water coral reef-assedia
assemblages.

Other species associated with cold water coralsreeflude economically important rockfish,
shrimp and crabs, which often hide among the bresmct red tree corals. Crinoids, basket stars,
anemones and sponges attach themselves to deathésaao they may better filter food from the
currents. Other animals, such as sea stars anid,deaid directly on the corals themselves. Fish
often aggregate on deep-sea réethiough the specific functional relationship beswespecies
present on a cold-water coral reef and the impoganf that reef as fish habitat is not well
understootf. Most species found on cold-water corals are fatiué symbionts (a relationship in
which one partner may, but does not have to, liith another in order to survive). Some deep-
water coral reefs seem to have richer and moredamircrustacean fauna than similar tropical
reefé®. Factors affecting the community structure of culdter coral reef associated species
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include time needed for community development, desgy of external disturbance and
variability of nutrient supply.

Cold water corals, reefs and mounds generally oiccareas of fast currents and internal waves,
where particle flow rates are f&st Given their high species diversity and longevipd their
occurrence in areas of fast current flow, cold-wateral reefs may be major centres of
speciatiof®.

Recent DNA studies have revealed that some colérvarals species, such lagphelia, show
high genetic variability across the Atlantic OceSequences obtained from sample&aghelia
from the northeast Atlantic were very differentrfrehose obtained from samples collected in the
southwest AtlanticLophelia samples collected in Scandinavian fjords appetrde genetically
different from those distributed along the Europeamtinental margin. Results suggest that
continental margin reefs might originate from migsadispersed out of the fjords in the past.
Understanding such relationships may be importantttie development of conservation and
management strategfés

V. Hydrothermal vents
a. Global distribution

The discovery of hydrothermal vents along the Gadag Rift in the eastern Pacifin 1977
represented arguably one of the most importantrfgedin biological science in the latter quarter
of the twentieth centuf§, Hydrothermal vents were the first ecosystem ortHEfound to be
independent from the sun as an original sourcenefgy, relying instead on chemosynthesis.
Hydrothermal vents are now known to occur alongaalive mid ocean ridges and back-arc
spreading centreS.he InterRidge Hydrothermal Vent Database curreliglg 212 separate vent
sited®, though more are likely to exist. The map in figuk has been produced by the ChEss
project, which is a global study of the distributiabundance and diversity of species in deep-
water hydrothermal vents, cold seeps and other abgmthetic ecosystems for the Census of
Marine Life initiative®

The global mid-oceanic ridge systam.
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Figure 4. Global distribution of known hydrothermal venihe locations of those vents that
have already been studied are marked on the maw !z pink dots. Two new vent sites were
discovered in 2005 - one on the south Mid-Atlafidge (yellow dot) and one on the Arctic
Ridge system (green dot). The latter contains tivtharn most vent fields found in the world to
date.

As mentioned above, hydrothermal vents are commasgpciated with mid-ocean ridges, where
they are formed by interactions between molten @it seawater as the tectonic plates spread
apart. The recent discovery of a new type of hywwohal vent, a so-called off-axis vent,
indicates that ocean-bottom hydrothermal activigyrbe much more widespread than previously
thought. . The off-axis vents have been found ua tew tens of kilometers away from the mid-
ocean ridge, on near-ridge seamounts. Insteadiof bermed by volcanism, the off-axis vents
appear to be formed by a heat-generating cheméeaition taking place when the seamount’'s
eroded rocks interact with seawdter

It also appears that vents associated with midrodelges may be more frequent than originally
thought. Initially it was hypothesized that ventscarred only in areas where the ridge is
spreading at fast rates. However, recent studieg aund the presence of vents at ridge
locations characterized by a variety of spreadirigs; from relatively slow to faét

b. Status and trends

As is evident from the previous section, our knalgke about where hydrothermal vents occur,
and how extensive they are, is far from completgdrbithermal activity does not take place
everywhere along mid-ocean ridge systems. Sincel®@0s, there have been large-scale,
systematic searches for undiscovered vent sitesiyMé these searches rely on inferring the
presence of vents from water column observationmbgsuring optical properties, temperature
and particle anomalies, as well as chemical trabetsdistinguish hydrothermal plumes from the
surrounding seawater. The currently known ventssiteflect historic funding priorities for
research, with over half of the known or inferredge vent sites occurring on the heavily
surveyed eastern Pacific ridges, with only a fewatmns thus far found in the southern
hemispher®.

There are also knowledge gaps in regards to thdivigisity and ecology of hydrothermal vent
ecosystems, and their interactions with surroundamgnmunities. Generally, biomass of
hydrothermal vent communities is high but biodiitgrss low®. This is typical of habitats with
high energy availability and extreme environmergahditions. However, vent sites support
exceptionally productive biological communitiestie deep sea, and vent fauna range from tiny
chemosynthetic bacteria to tube worms, giant claansl ghostly white crabs. Over 300 new
species of animals have been discovered at hydm#heents from a number of different animal
groups, even though only 10 percent of the ocedgerisystem has been explored for
hydrothermal activity. It is estimated that the average rate of disgoeémew species over the
past three decades is approximately two new speeiemontf’. Many species are exclusive to
these ecosystems and would be unable to existdeutseri’. These animals are discussed in
more detail in section d.

Individual hydrothermal vent sites are intrinsigallnstable and ephemeral on geological time
scales, lasting only on the order of years to degaiolcanic eruptions, or the ceasing of vent
fluids can generate frequent extinctions, re-caations and changes in community structure.
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This transient nature of vent sites, and its comsages on vent fauna, is discussed further in
section d.

Human impacts on hydrothermal vent ecosystems hawdate, been limited to those vent sites
subject to intensive scientific studies. Althougime human impacts have been documented on
heavily visited sites (see section c), the higluratvariability of vent systems may make it more
difficult to accurately assess the effects of humetivities®.

c. Threats

The major current anthropogenic threat to hydratiarvent systems is from marine scientific
research. Research may entail physical disturbandsruption, or the introduction of light into
an ecosystem that is naturally deprived of it. S@widence of disturbance caused by scientific
research already exists. For example, the useoofllights of manned submersibles may have
irretrievably damaged the eyes of decapod shrifigosilyy Bresiliidae) that dominate the fauna at
vents on the Mid-Atlantic Ridge° The scientific community is aware of this threand has
begun to consider preventive action. InterRidgenéa-profit organization concerned with
promoting all aspects of mid-ocean ridge reseanalk)issued in 2006 a statement of commitment
to responsible research practices at deep-sea thednmal vents. This statement contains
guidelines for responsible research practices, himnterRidge encourages scientists to abide
by'~. A Code of Conduct for the Scientific Study of Ntar Hydrothermal Vent Sites is under
development. It should be noted, though, that lbéhguidelines and the Code are voluntary
measures.

Bioprospecting of hydrothermal vents is alreadyrtglplace, and may present a threat if sample
collection methods cause a disturbance to the eemmunity. Hydrothermal vent organisms
posses novel adaptations that make them capaldaraiving in extreme environments. These
same adaptations make the organishgotential use to biotechnology. A number of p&e
have been filed relating to inventions based orrdijermal vent organisms, ranging from skin
care products to industrial applicati®fs For example, the California-based biotechnology
company Diversa has developed the Valley "UltraaTht product from genes recovered from a
deep sea hydrothermal vent organism. This productiirently marketed by Valley Research for
use in starch liquefaction for the production dfaetof®,

Mining of polymetallic sulphide deposits associateith vent systems, high-end tourism and
marine scientific research present potential futtmeats to vent ecosystems. Extraction of
polymetallic sulphide deposits can cause directsjlay damage and destruction to the vent
ecosystem, as well as sedimentation and disrumtfowater circulation systems. Submarine-
based marine tourism and marine scientific researal disturb the fragile vent ecosystém
such as the retinal damage to deep sea crustatesmi®ned abové

d. Functioning of this ecosystem and ecology of associated species

Hydrothermal vents are found along mid-ocean riggé®re magma from deep parts of the earth
emerges. A vent is typically formed when seawatsreprates the crust, is heated by the magma,
and surges back into the ocean through a hot feenging with it mineral substances, including
sulfide, hydrogen, methane, manganese and metadsn@autotrophic bacteria use the sulfur-rich
water for primary production. The energy producedthe bacteria supports the nutritional
requirements of other organisms in the vent comtydffi For example, giant tubeworms
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(Riftia), which can reach up to 3m in length, survive amya result of the symbiotic relationship
they have with chemoautotrophic bacteria.

Because of their independence from sunlight asnargg source, hydrothermal vent systems are
thought to have played an important role in the eftgwment of life on Earth, and the
differentiation of a common ancestor into Bactemal Archaea (an evolutionary branch that is
separate from those of Bacteria and Eukarya). Themvidence that life has existed around
hydrothermal vents for more than 3 billion yearsowedver, subsequent studies have found
limited support for the hypothesis that modern vémina are Palaeozoic relics. Instead,
molecular evidence suggest that these fauna evdhesed relatively recent radiations (or re-
radiations) of vent and seep taxa. This implies deap-sea chemosynthetic environments are not
immune from global extinction events affecting daity in the photic zon&? Similarly, the
hypothesis that life arose in hydrothermal ventsnat been provéfy.

Deep-sea hydrothermal vent communities are charaeteby three important environmental
attributes which govern community composition, rilisttion and dynamics: (1) the harsh
physical and chemical conditions experienced byvitre fauna, (2) the patchy distribution of
vent sites over oceanic ridges, where distancesedeet vents within a given field range from a
few metres to hundreds of metres, and the distape®geen vent fields range from hundreds to
thousands of kilometers; and (3) the high tempweaiability of hydrothermal activity due to
tectonic events and heat convection through tharacerust, which induces a high site turnover
that may vary in duration from years to decadefastispreading ridge”’

The first of these attributes has caused hydrothex@ant animals to develop a rich variety of
novel biochemical and physiological features thHowa them to survive in the extreme
environmental conditions within a vent fieff. The harsh vent environment has also resulted in a
high degree of endemism. Studies have shown that emmunities contain remarkable
taxonomic novelty, and over 80% of vent speciesappo be endemi¥. Many species found in
studies are new to scierite

Although most of the species diversity at hydrathar vents can be attributed to taxonomic
groups that comprise small, inconspicuous indivislu@.g. polychaete worms, gastropods,
copepod crustaceans and nematodes), most of thessois formed by a few large and visually
striking species. These include vestimentiferanetuwyorms §boglinidae), vent clams
(Vesicomyidae), vent musselsBahtymodiolinae) and the blind vent shrimp, all of which harbour
chemoautotrophic bacterial symbionts. These orgaexploit the reduced chemical compounds
in vents either directly, by way of symbiotic cheamtotrophic bacteria, or indirectly, by grazing
and filtering free-living chemoautotropf’s The trophic structures seem to be relatively &mp
with few steps. Most animals appear to feed diyemti microbial productior?

Giant tubeworms are perhaps the most spectacularafdhat have adapted to living near
hydrothermal vents. The Pompeii wormil\fnella pompegjana) inhabits active deep-sea
hydrothermal vents, which form thick, heavily chelied structures along the outer walls of the
vent ‘chimneys' created by an accumulation of nmihdhides. The worm is tolerant of extreme
temperatures, inhabiting an environment with termpee gradient of up to 60 degrees C and an
absolute temperature of up to 81 degreé¥ C.

The distribution of animals within a vent communréixhibits a pattern of zonation, an example of
which has been documented at the Broken Spur \ienthé Mid-Atlantic Ridge).Bresiliid

shrimp were present close to black smokers, braters were found on solid surfaces of
chimneys and mounds, peak densities of anemonesredcat the base of sulphide mounds, and
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peak densities of brachyuran crabs were foundaatopin structurés®. However, there are large
differences in population structure between vetgssilikely in response to local variations in
time of larval supply and/or reproductive activity A majority of vent species occur at only one
site, and none occur at all studied SitesThe results tend to support the hypothesis efch bf
consequent long-distance transport of lafVae.

Hydrothermal vent sites are ephemeral, and theivigcis highly variable due to the dynamic
nature of the oceanic crust. As vents wane, orgalisassociations can be observed slowly
transitioning as they gain greater similarity tackground communiti¢s®. Mobile inhabitants
may be able to escape from fading vent sites atathlesh populations on neighboring vents or on
new vent sites, but the large aggregations of lsessianisms die if fluids cease to floWw There

is a successional pattern following disturbancesdemonstrated by vent-animal colonisation
following an eruption on a segment of the Juan deaMRidge, where it took five years for the
species pool to reach pre-disturbance charactevisifThe environmental unpredictability,
transient nature and high biological productiorhgfirothermal systems also favours continuing
reproduction, rapid recruitment, accelerated growahd a tolerance to environmental
perturbations. For example, the documented groat#srof the giant tube worRiftia pachyptila
were almost 2.5 cm in ten days, which is the fastde reported to date for any species of marine
invertebrates®

The heat of volcanic processes creates and sudigdrsthermal plumes, formed through the
interaction of seawater with rock. These plumesddien black or white with the color coming
from mineral particles that precipitate rapidly fast hydrothermal fluids (with temperatures as
high as 348C) mix with cold seawater (usually about AG? at or just below the vent orifice. As
mentioned in section b, scientists search for exMideof hydrothermal plumes in seawater to
discover the presence of hydrothermal activity Wweldydrothermal plumes are likely to be very
important for the transport and distribution of mar organisms, especially thermophile or
hyperthermophile bacteria that live under the seafand have been released into the ocean in
plumes resulting from recent volcanic evéfitsThe chemosynthetic bacteria, resuspended
detritus from the upper ocean, and other biologixatucts carried upward by the plumes also
appear to support a wide range of biological aistivi the overlying water column, in particular
zooplankton communities consisting of both deepd ahallow-water species, though these
interactions are not well known. Similarly, thekénbetween hydrothermal vents and surrounding
communities are not well understood. Studies aEtmdeavour vent field suggest that substantial
carnivore biomass outside the vents, including dagpcrabs, octopus and fish may be dependent
upon localized productidff.

Studies relating to fish diversity on and aroundroyhermal vents found a low specific diversity
of fish, but a high degree of endemism. In gendigthes can be separated into two groups: (1)
species living within the vent and seep environmeimcluding the so-called vent-endemic
species, and (2) species pertaining to the suringrikep water environment, but recorded from
a close proximity to vents and seeps. Their higirele of endemism is demonstrated by a study
of the orderAnguilliformes (comprising eels and other elongated fishes) divirside active vent
fields. Of the 21 species found, 11 species (52&ktbeen described and 5 (24%) were new to
science. The remaining 5 (24%) could only be idientito the genus or family level. Vent-living
fishes were found at only 20 of some 50 active ¥ehdls discovered at the time of the study.
Species diversity in the Atlantic appears to bghsly higher than in the Pacific. This may be
partly attributed to the differences in depth ranfjthe vent&”,

The patchiness of vent sites has resulted in thiaeddion of a number of vent biogeographic
provinces. On a large scale, the vent sites agtr@ifit ocean basins differ somewhat. The vents in
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the East Pacific are dominated by giant tubeworRifti4), large white clamsCalyptogena
magnifica) and musselsBathymodiolus). The Atlantic vent communities differ considerabl
from those in the Pacific, notably in the absenteestimentiferan tube wornté! Instead, the
Atlantic vents are dominated by dense aggregatibbsesilioid shrimp (6 species belonging to 5
genera) and mussel beds. Most of the Indian Oceah fauna is related to the animals in the
Pacific, presenting evidence in support of a cotioedetween Indian Ocean vents and those in
the Pacific. Surprisingly, however, the dominanéd@es in the Indian Ocean is the common
shrimpRimicaris from the Atlantic, indicating that there is a cention with the Atlantic, t03>.
Because of these differences, the following biogaplgic provinces of hydrothermal vents can
be identified: (1) East Pacific Rise and GalapaRjfis (2) Northeast Pacific; (3) Western Pacific;
(4) Atlantic (Azores); (5) Mid-Atlantic ridge betwa Azores Triple Junction and Equator; (6)
South Mid-Atlantic Ridge; and (7) Indian Ocean (€ahindian Ridgey®'*". It is likely that the
regional species pool affects local vent diversity.

There are differences within these biogeographmvipces, too. A comparison of the fauna
between Lucky Strike, Menez Gwen and Rainbow vietdd on the Mid-Atlantic Ridge between
the Equator and the Azores archipelago showedlMiatucky Strike and Menez Gwen sites are
dominated by musselsBdthymodiolus azoricus) while the Snake Pit and TAG sites are
dominated by shrimps (particulafR exoculata). It could be argued that these sites do not fgelon
to a single biogeographic province, but are rathsuccession of several distinct biogeographic
islands having different associations and habifBltere was also a decrease in the number of
non-endemic species with deffth A separate study considered that the Lucky Sfakma was
sufficiently unique to be a separate biogeograptyidrothermal province, in addition to the
eastern Pacific (East Pacific Rise and Galapagosa8jmg Center), northeastern Pacific (Gorda,
Juan de Fuca, Explorer Ridges), western PacificKkBac) and Mid-Atlantic Ridge (TAG and
Snake Pit) provinceS? This demonstrates that biogeographic differensést between sites, but
that they are not yet well documented. Table 1 iples/a summary of biogeographic provinces of
hydrothermal vents and their dominant fauna as qseg by Ramirez-Llodrat al. (2007}
Such differences are important for any initiatitesconserve representative areas consisting of
hydrothermal vent sites.

Biogeographic Province Dominant fauna

East Pacific Rise and Galapagos Rift Vestimentiferubeworms, bathymodiolid mussels,
vesicomyid clams, alvinellid polychaetes, amphipods
and crabs

Northeast Pacific Vestimentiferan ~ tubeworms (exceprRiftiidae,
polychaetes and gastropods)

Western Pacific Barnacles, limpets, bathymodioliduseels, “hairy”
gastropod, vesicomyid clams, and shrimp.

Atlantic (Azores) Bathymodiolid mussels, amphipodand caridean
shrimp

Mid-Atlantic ridge between Azores Caridean shrimp and bathymodiolid mussels

Triple Junction and Equator

South Mid-Atlantic Ridge Caridean shrimp, bathynuidi mussels and clams

Indian Ocean (Central Indian Ridge) Caridean shiamg mussels, gastropods and anemones

Table 1. Main biogeographical provinces of hydrothermaltseand their dominant fautta
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V. Other ecosystemsin marine areas beyond the limits of national jurisdiction

Other ecosystems of note in marine areas beyondirthies of national jurisdiction include
continental slopes and abyssal plains, trenchegocs, sponge reefs and fields, and cold seeps.
In addition, the pelagic (open water) realm proside important habitat for many species. Each
of these ecosystems is briefly discussed in tHeviahg text.

A. Abyssal plains

Abyssal plains cover almost 50% of the deep seaded,are comprised mainly of mud flats.
There is a relatively high diversity of animalsitig in and on deep sea sediments, including
bottom-dwelling fishes, sea cucumbers, star fishei¢tle stars, anemones, glass sponges, sea
pens, stalked barnacles, mollusks, worms and stnastaceart’. However, despite the large
number of rare animals, a few species make upntiwidluals in deep sea samples. The most
diverse species are macrofauna, small animals td Gmm in siz&€".

Not all areas of the abyssal plain have similacisediversity. Species diversity of both macro-
and megafauna increases with depth below the @mtahshelf, reaching a maximum at mid to
lower bathyal regions (bathyal regions correspanthé continental slope, between the depths of
200 and 2000 meters). Diversity also decreases initieasing distance seaward on the abyssal
plain. While deep-sea benthic fauna is less patctistributed than shallow water fauna,
significant aggregations of different taxa haverbdetected on scales ranging from centimeters
to meters and kilometers. The most pronounced egiited change in faunal composition
occurs at the transition from continental shelttmtinental slope (shelf-slope transition), and is
probably due to differential adaptation by sped@icreasing environmental predictability on
the upper slope. Rates of species replacement @ gnadual below the shelf-slope break. The
rate of environmental change is high at bathyattteand lessens at abyssal deffths

Some large scale biogeographic patterns of speitwessity can also be found. Local species
richness in the central equatorial Pacific abyss ¥eand to be higher than that recorded at
abyssal depths in the North Atlarifft Moreover, species diversity appears to decremasartl

the pole§”.. For instance, deep-sea isopods, gastropodsbimaties in the North Atlantic
exhibit poleward decreases in species richnes$asltbeen suggested that the decreased diversity
at the poles may be due to greater seasonalityegetregions, which produces seasonal pulses in
phytoplankton production and thus in nutrients igkto the deep s&€& However, a recent
study has found high levels of biodiversity newstience in the deep benthos of the Southern
Ocean, challenging the suggestion that deep seabrsity is depressed in these at&as

B. Trenches

There are 37 trenches, mostly distributed arounel pleriphery of the world's oceans.
Approximately 700 deep-sea species have been mtonthabiting trenches below 6000 metres
in depth. Interestingly, recent studies have suggeBigh density and biomass of meiofauna in
the Atacama Trench, eastern South Pacific O¢®a8pecies diversity declines with depth,
especially below 8500 metrés Disposal of human waste is a major potential ahre
biodiversity in deepsea trenchs

C. Canyons
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Canyons dissect continental margins in many plathsy are biologically productive because
they are recipients of organic matter from the ic@mttal shelf, and are characterized by currents
driven by internal waves and upwelling. Canyons banrich in species, and differ from the
surrounding continental slope. The biological comities are variable in composition. An
abundance of predators, such as cetaceans, aetedtto these locatiod'** **°,

D. Spongereefsand fields

Sponge reefs, which are formed by glass spongds thite-dimensional silica skeletons, are
built in a manner similar to coral reefs, by newmggtions growing on previous ones. Although
glass sponges are found throughout the world’s recdeetween the depths of 500 and 3000
meters, reef-forming species occur mainly in coldithern Pacific waters. The reefs grow at a
rate of 2 to 7 cm per year and are long-lived. méter thick sponge reef in the Queen Charlotte
Sound of British Columbia, Canada, is estimateldetmearly 6000 years dfd

The three-dimensional structure of sponge aggregmtiprovides habitat for many species,
including invertebrates and commercially importéish'*’ **¢ Stalks of sponges offer vertical
living space, extending several tens of centimetbm/e the sediment surface into the turbulent
benthic boundary layer flow with its drifting foqahrticles. Studies off the coast of California
found that the most abundant taxa living on glggmges included the calcareous foraminiferan
Cibicides lobatulus, followed by the most abundant metazoan, the $&drppolychaete
Bathyvermilia spX*’. The number of taxa in sponge stalk communitieged from four to forty
four per stalk, with a mean of twenty two taxa &¥® individuals. Sponge stalk communities
appear to be based on detritus collected on stalikches, which supports detritivores such as
copepods and polychaetes. Mobile predators may deethe detritivores, or on the cnidarian
colonies present in the stalk communities. . Valtapecies zonation can be found on stalks, with
large suspension feeders, such as cnidarian celohieng at the top, and smaller solitary
epifauna and encrusting faraminifera living at theese of the stalks. This vertical zonation
appears to be controlled by biological interactiansong speciesSponges both in shallow and
deep water are considered islands for cryptofanmmnisms dwelling in caviti&¥.

Like cold-water coral reefs, sponge reefs are teresl by bottom trawling activities.

E. Cold seeps

Cold seeps are deep soft-bottom areas where giases seep out of the sediments. “Seepage”
encompasses everything from vigorous bubbling of ffam the seabed to the small-scale
emanation of microscopic bubbles or hydrocarbonpmmds in solution. Seep fluids contain a
high concentration of methane. This methane cawe ha biological origin from the
decomposition of organic matter by microbial adtivin anoxic sediments, or a thermogenic
origin from fast transformation of organic matteused by high temperatures. Another important
factor in some cold seeps is a high concentratiosutiide in the sediments, produced by the
reduction of sulfates. Both, methane and sulfidg al major role in sustaining highly productive
cold seep communities.

Cold seeps support abundant biological populatiohglled by chemosynthesis. The
chemoautotrophic bacteria of cold seeps are fowtld foee living and in symbiotic associations
with invertebrates such as tube worms, mussels dachs. For example, the ecosystem-
structuring, extremely slow-growing vestimentiferatveworm,Lamellibrachia sp., were found
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around hydrocarbon seeps on the Louisiana congihslipe. The fauna are highly specialized,
of relatively low diversity, but high endemism. Fastance, of the approximately twenty known
cold-seeps, only four revealed the presence of-lb@apg fishes, which had low diversity and
high endemisi*. The large majority of seep fauna are endemidrigles seep sites and to the
seep ecosystem. Of the 211 species reported #dmsofily 13 occur at both seeps and
hydrothermal vents’. Although the seeps ecosystem support communitiest are
phylogenetically and physiologically quite similar those at the hydrothermal vents, the latter
experience rapidly fluctuating and ephemeral emvirents that stimulate their biological growth
and development at rates far exceeding those ef ditep-sea communitié$

F. Pelagic habitats

The pelagic realm can be divided into three paatseld on depth: the epipelagic zone (surface to
approximately 150-200 metres), the mesopelagic zmtk (approximately 200 metres to 1000
metres) the bathypelagic zone (1000 metres to ohrh of the sea). The epipelagic zone has
sufficient light for photosynthesis, with the higheoverall species diversity in the subtropics,
followed by the equatorial belt. Deep-water producidepends on this thin photosynthetic layer
at the surface. The mesopelagic zone is home tancmmies of animals that undergo daily
migrations to the surface at night to feed, rengnio deeper water during the day to avoid
predators. The bathypelagic zone is the least exfudind least understood part of the pelagic
realm. The animals differ from those in the mesagiel zone, but are not well studt&d

Areas of highest species richness seem to be assdaivith mobile boundary regions between
water masses, where different faunal assemblagasiaed together. High species richness tends
to be correlated with low productivity and low tatle. Regardless of latitude, the maximum
species richness occurs at depths of around 1880m

Numerous species of conservation concerns inhHabdiopen ocean. These species include marine
turtles, marine mammals, seabirds, and pelagicdigldators such as sharks and tunas. These
species are not evenly distributed across the opean, but may be concentrated temporally or
spatially for feeding, reproduction or migrationaM of these species are threatened directly or
indirectly by commercial fishing. Biomass of langelagic fish predators such as sharks and tunas
may have declined by over 90% in fifty yeatsalthough the magnitude of the decline is still
being debated’. Deep sea fish species exploited at depths of @@m, such as orange roughy
(Hoplostethus atlanticus), oreos (e.gAllocyttus niger, Pseudocyttus maculatus), and macrourid
rattails (e.g.Coryphaenoides rupestris, Macrourus berglax) have slow growth rates and high
longevity compared to traditional commercial spedi®m the continental shelf. They have low
levels of sustainable vyields, are wvulnerable to rissleing, and have slow recovery
rates*® Moreover, seabirds, cetaceans, and marine tuwpelptions are often caught as by-catch,
particularly by pelagic longline fisheries.

V. Priority areasfor conservation

A. Some considerationsrelating to identifying priority areasfor conservation

The method for identifying priority areas for consgion in marine areas beyond the limits of
national jurisdiction will depend on the objectivet that conservation action (for example,
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biodiversity conservation or the rehabilitationpafpulations of endangered species). Once those
objectives have been determined, criteria for sékection can be developed. Commonly-used
criteria in national waters include (i) areas ogtibiodiversity (so-called “hot spots”); (ii)
representative areas; and (iii) areas of critisgdartance for survival or recovery of endangered,
threatened, rare or endemic species (or areassigitificant assemblages of such speciéspf
these approaches, the identification of areas dhathighly biodiverse, and areas that contain
threatened or endemic species, are likely to batively expedient given that a considerable,
though not exhaustive, amount of data and infolwnadiready exists on species distribution.

Using the representative areas approach wouldrérpiire the development of a biogeographic
classification of marine areas beyond nationakiliation. An agreed-upon classification does not
exist as of yet, though it is being contemplatethatCBD and at other fora. Much still remains to
be known about the biogeography of various maric@systems beyond national jurisdiction,
though as the above text demonstrates, work inréigiard has been undertaken for hydrothermal
vents, and, to a lesser extent, seamounts. ThentreSeientific Experts’ Workshop on
Biogeographic Classification Systems in Open Ocaach Deep Seabed Areas beyond National
Jurisdiction, which was held at the National Unsigr of Mexico (UNAM) in Mexico City,
Mexico, from 22 to 24 January 2007, has already emeahsiderable progress on this topic.
Similar efforts are underway in some regions, fameple in regards to the Southern Ocean.

The data and information available globally on thistribution of ecosystems, habitats and
species of the deep sea and open ocean is imprdwange-scale initiatives, such as the Census
of Marine Life will result in an improved informainal basis for conservation action. At the
present time, the following databases contain médion about the global distribution of
ecosystems and species in marine areas beyonithiteedf national jurisdiction:

» The Ocean Biogeographic Information System (OBMb)ich was developed as part
of the Census of Marine Life. The database focosamarine biodiversity (see
http://www.iobis.org)

* TheSea Around Us Project database, which provides fisheries and biodiversit
information by area (sd#tp://www.seaaroundus.ojg/

» SeamountsOnline, which is an information systensé&amount biology (see
http://seamounts.sdsc.eflu/

» The InterRidge databases, which provide informagibout the known (i.e. ground-
truthed) and suspected (i.e. plumes observed, wentget ground-truthed) vents, and
about taxonomical, biological, ecological and dlsttional data of all species
described from deep-water chemosynthetic ecosy<iszes
http://www.interridge.org/

* OBIS-SEAMAP (Ocean Biogeographic Information SysteBpatial Ecological
Analysis of Megavertebrate Populations), which pfes spatially referenced data
about the distribution of marine mammals, seakartt sea turtles (see
http://seamap.env.duke.edlu/

» FishBase, which is a global information databaséshes (see
http://www.fishbase.org/home.hjm

* CephBase, which is a database-driven web sitel timiay cephalopods (octopus,
squid, cuttlefish and nautilug3ee_http://www.cephbase.utmb.gdu/

» Sealifebase, which is a global information datalzasportal on all marine organism
(see http://lwww.sealifebase.org)




[DRFAFT FOR REVIEW ONLY.PLEASE DO NOT QUOTE]

The three types of criteria for site selection diésd above are not mutually exclusive. In fact,
any systematic approach to identify and protedirityi areas beyond national jurisdiction may
include highly biodiverse areas, representativasgrareas to protect threatened species, as well
as sites selected by the application of other fipaxiteria. These issues will be further discukse

in the CBD “Expert Workshop on ecological criteaiad biogeographic classification systems for
marine areas in need of protection”, which is sciedito be held from 2 to 4 October 2007 in
the Azores.

The text below will review previous and ongoingoef§ to identify priority areas for conservation
in marine areas beyond the limits of national giagson applying the three above-mentioned
criteria for site selection: (i) areas of high hiasity; (ii) representative areas; and (iii) area
with high concentrations of endangered, threateragd,and endemic species.

B. Areas of high biodiversity

It can be argued that conserving areas of highi\eosity provides the greatest benefits for the
most species when resources are limited. Areap@f ocean and deep sea commonly identified
as “hot spots” include seamounts and their assmtisiological communitié¥. They also
include biologically rich and productive oceaniorfts, which attract marine Iif¢. A study of
worldwide patterns of tuna and billfish diversitwes the past 50 years revealed distinct
subtropical "hot spotsthat appeared to hold generally for other predatord zooplankton.
Diversity was positively correlated with thermabriits anddissolved oxygen and a nonlinear
function of temperature-@5°Coptimum). Diversity in the past 50 years has dedibetween 10
and 50% in all oceans, trend that coincided with increased fishing pressand a strong El
Nifio—Southern Oscillation—drivemariability across the Pacific. The study concludeht
predator diversityshows a predictable yet eroding pattern signaliogsgstem-widechanges
linked to climate and fishiriy.

Work to identify areas of high biodiversity in tlmpen ocean and deep sea has also been
undertaken in the context of the CBD. In preparafir the first meeting of the Ad Hoc Open-
ended Working Group on Protected Areas, which fgake in Montecatini, Italy, from 13 to 17
June 2005, the CBD Secretariat, with generous agnffom the European Union, commissioned
a map-based analysis of biodiversity in marine ategyond national jurisdiction. This analysis
was carried out by th8ea Around Us Project of the University of British Columbia in Canada.
The results of the analysis are available in CBhRical Series No. 28, while a policy
summary can be found in document UNEP/CBD/WG-PAE/L (Scientific Information on
Biodiversity in Marine Areas beyond the Limits oéfibnal Jurisdictior!f*.

The study resulted in a comprehensive set of gebgranformation systems (GIS) maps of

known cold-water coral and seamount areas, asasethaps of species richness of invertebrate
and vertebrate groups (including exploited invedéds and fishes, reptiles, birds and marine
mammal species). Threats to biodiversity in mamneas beyond national jurisdiction were

explored through maps of distribution of red-listeoh-fish vertebrates. Together, these maps
provide an analysis of patterns of biodiversityriarine areas beyond national jurisdiction, which
were used to identify a preliminary set of priosijes for conservation as follows:

(a) Marine areas beyond national jurisdiction of tindo-Pacific region, specifically
centred on South-East Asia, northern Australiataedrasman Sea;

(b) Seamounts beyond national jurisdiction in tleetim and south Atlantic, and the
Southern Ocean convergence zone;
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(c) Marine areas beyond national jurisdiction adfco islands in the southern ocean;
and

(d) Small shelf areas beyond national jurisdictionthe North-East and North-West
Atlantic.

Figures 5 and 6 show the results of the GIS armfigsiall analyzed species (figure 5) and for
marine fish and higher vertebrates (figure 6).
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Figure 5: Map of marine species richness in areas beyandrttits of national
jurisdiction (based on the ranges of exploited itelerates and fish, and of reptiles, birds,
and marine mammal species).
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Figure 6: Map of marine fish and higher vertebrates’ speciehness in the high seas. Note the
relatively high species richness of seamountsenAttiantic.
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C. Representative areas

Protecting examples of the entire range of ecosystlabitats and species found in marine areas
beyond the limits of national jurisdiction aimsraintain the health and resilience of these ocean
areas in their entirety in the long term.

One study”® divided the open ocean into three categories dfitéta according to their
predictability and dynamics as follows:

(1) Static bathymetric features, which includefseshelf breaks, submarine canyons,
seamounts and the lee (downstream) of islands, evpemary production is often
enhanced and many pelagic predators aggregaterémimng.

(2) Persistent hydrographic features, which incladeents and frontal systems. These
features are recognized as regions of elevatdddidal activity, where seabirds, marine
mammals and tunas aggregate to exploit prey coratemts. Frontal zones with their
high productivity represent vital foraging habitatd migratory routes for many species
including salmonids, albacore tuna, albatrossesarsaters, sharks and turtles.

(3) The Ephemeral hydrographic features, whichdefined by short-lived gradients in
water properties. Highly mobile pelagic speciesl fand exploit these ephemeral fronts
while they persist (e.g. west coast of North Amenehere large volumes of upwelled
water are transported offshore by high-speed fete@ and productive water).

Based on these categories, identified candidatasafer protection included the Gully, a
submarine canyon in the Nova Scotian shelf witledig cetacean assemblages; the North Pacific
Transition Domain (a narrow (20 44) regionof strong temperature and salinity gradients); and
the mid-section of the currents forming the Norétific gyre®®.

Work undertaken by Greenpeace sought to identifyraprehensive and representative system of
marine protected areas, which also takes into atcaneas with high intrinsic biological value.
The data layers included in their GIS analysis weceanographic features (upwellings and
downwellings, sea surface temperature gradientyysipal features (bathymetry, bathymetric
complexity, seamounts, bottom sediments, oceaches), biological features (at sea movements
of albatrosses, turtles, pinnipeds and penguimgliversity distribution of cetaceans; billfish and
tuna species richness; billfish and tuna speciesitfe and marine biomes). Twelve marine
biogeographic zones were used. The goal was teeqird0% of all habitats in marine areas
beyond the limits of national jurisdiction. The 40iure was selected due to the large scales of
oceanic processes and species movements. The [@ority sites was generated using Marxan,
the most commonly applied computer programme foelbgping networks of marine protected
areas, originally developed and applied for th@memy process of the Great Barrier Reef Marine
Park. The resulting map can be seen in Figure dnbél
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Figure 7: A proposal for a global network of marine reserwehich incorporates the following
priority areas: (1) Greenland Sea (2) North Atlar{8) Azores/Mid-Atlantic Ridge (4) Eastern
Mediterranean (5) Central Mediterranean (6) Sam&esa/Western Atlantic (7) South-Central
Atlantic (8) Antarctic-Patagonia (9) Vema SeamoBetiguela (10) South Africa - Agulhas
Current (11) Southern Ocean (12) Southern Oceaunstralia/New Zealand (13) Central Indian
Ocean - Arabian Sea (14) Bay of Bengal (15) Nor#temm Australia (16) South Australia (17)
Lord Howe Rise and Norfolk Ridge (18) Coral Sea)(Narthern New Guinea (20) Western
Pacific (21) Kuroshi-Oyashio Confluence (22) Sea @ihotsk (23) Gulf of Alaska (24)

Northeastern Pacific (25) Southeastern PacificRB)resentative Areas.

D. Areaswith high concentrations of endangered, threatened, rare and endemic species

Conserving areas with high concentrations of endeaty threatened, rare and endemic species
will ideally prevent such species from decliningdavhere decline has occurred, will assist in
restoring their populations. The review of existisgentific literature above concludes that
biological communities associated with seamount$ @id-water coral reefs contain rare and
threatened species. The degree of endemism in dwasystems is also thought to be Hiyhn
addition, hydrothermal vents have a high degreenoiemism due to the extreme environmental
conditions under which organisms in these areag leawolved. Each of these ecosystem types
would therefore qualify as priority areas for patten under these criteria. Moreover, protection
of migratory routes, feeding or breeding groundswdflangered species such as cetaceans and
marine turtles are important to effective conseovaof these species.

Work to comprehensively map threatened and degdisimecies in the North-East Atlantic has
been undertaken by the OSPAR Commission2003, the OSPAR Commission adopted an
initial list of threatened and/or declining speca®l habitats, with further species and habitats
added in 2004. At its Biodiversity Committee (BD@jeeting in 2003, OSPAR agreed to
proceed with a programme to collate existing datdhe distribution of the fourteen habitats on
this list, as part of a wider programme to devetggasures for their protection and conservation.
Each OSPAR Contracting Party agreed to compilegleyant data for its own marine waters and
submit these to the lead country (UK) for collatioto composite maps on the distribution of
each habitat type across the whole OSPAR area.wik has been coordinated by the Joint
Nature Conservation Committee (JNCC). A web-mappapglication has been developed to
disseminate the data collated through the OSPARbimgprogramme. The data available to date
provide an initial indication of the distributiorf each OSPAR priority habitat type; further data
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will be added as it becomes available. The mapsarget considered to be comprehensive for
the OSPAR area as a whole and may not be compiighemithin any given Contracting Party’s
waters. Figure 8 shows a map of seamount habitatiddhe OSPAR area, while Figure 9 shows
Lophelia Pertusa cold-water coral reefs. Other habitat types covdnethe OSPAR maps include
carbonate mounds, deep sea sponge aggregatiomdidadt mudflats, intertidaMytilus edulis
beds, littoral chalk communities, maerl bed&pdiolus modiolus horse mussel beds, oceanic
ridges with hydrothermal vents/fieldSstrea edulis beds,Sabellaria spinulosa reefs, seapens and
burrowing megafauna communities, afabtera bed<®.
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Figure 8: The distribution of seamounts in the OSPAR angdldqw dots). National maritime
boundaries can be seen in red.
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Figure 9: The distribution ofLophelia pertusa reefs in the OSPAR area (yellow dots). Country
maritime boundaries are seen in red.

E. Some conclusions

There is clear evidence of detrimental human ingp#ttcold water coral reefs, sponge reefs,
seamounts and pelagic habitats, supporting the fezathdertaking conservation action even if
our scientific understanding of these ecosystemstilisimperfect. Major existing and future
anthropogenic threats include fishing, notably drottrawling, as well as climate change, mining
and bioprospecting. Knowledge gaps exist in regéwdsur understanding of these ecosystems.
These gaps include basic information about theieréxand global distribution. Improved maps
of the coverage of cold water coral reefs, sporegdst seamounts and hydrothermal vents, as
well as pelagic species and processes, would grasgist in the design of management regimes,
including marine protected areas. Additionally, teetknowledge of the biogeography,
reproductive strategies and vulnerabilities of ¢hesosystems, as well as the life history and
ecology of their associated species would assighaking such management regimes more
effective.

All of the literature reviewed here indicates teeamounts and cold water coral reefs fit each of
the three selection criteria for priority conseiwatareas discussed in this section by being (1)
highly biodiverse, (2) representative, and (3) haimerare, endemic and threatened species.
Human impacts to these ecosystems are large. Hhyatroal vent communities also score highly

in both rarity and endemism. Regardless of the tfpkiogegraphic classification system used

for marine areas beyond the limits of nationalgdiction, it is clear that it would need to include

categories for each of these ecosystem types.
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The studies to identify priority conservation arei#scussed here also had some commonalities.
All three studies included seamounts as priorisaar while both the CBD and OSPAR studies
also included cold-water coral reefs. Because w@lter coral reefs in areas beyond the limits of
national jurisdiction are generally associated wi#bamounts, the Greenpeace study also
implicitly considered them amongst its priority ase Both of the global studies (CBD and
Greenpeace) included as common priorities areathenSouthern Ocean, Pacific and North
Atlantic. Not surprisingly, the OSPAR work also diéied seamount areas in the North Atlantic
as conservation priority areas. In addition, thd*?@R work selected deep water sponge beds and
hydrothermal vents amongst its priorities.

Besides benthic habitats, such as seamounts aral oeefs, some pelagic habitats and
oceanographic features are also identified by §sisnto be priority conservation areas. These
areas include feeding grounds of pelagic predaocs as tunas, sharks, seabirds and cetaceans,
and their migration routines. These areas are itapbto the survival of these species — many of
which are currently endangered or vulnerable tmetion.

A number of options to deliver on conservation obyes exist for each priority area. Such
options include marine protected aréhsapplied in the context of the ecosystem approash,
well as limitations on specific activities and géges.
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