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The work was initiated with data compilation and analysis in 2005 

supported by CenSeam, followed by a workshop funded by the 

Department of Nature, Ministry of Agriculture, Nature and Food 

Quality, Netherlands, which was held at the National Institute of 

Water and Atmospheric Research (NIWA) in Wellington, New 

Zealand, from 8 to 10 February 2006.

CENSUS OF MARINE LIFE AND CENSEAM
The Census of Marine Life (CoML) is an international science 

research programme with the goal of assessing and explaining 

the diversity, distribution and abundance of marine life -  past, 

present and future. It involves researchers in more than 70 

countries working on a range of poorly understood habitats. In 

2005 a CoMLfield project was established to research and sample 

seamounts (Stocks et al. 2004; censeam.niwa.co.nz). This project, 

termed CenSeam (a Global Census of Marine Life on Seamounts), 

provides a framework to integrate, guide and expand seamount 

research efforts on a global scale. It has established a seamount 

researcher network of almost 200 people around the world, and is 

collating existing seamount information and expanding a data­

base of seamount biodiversity. Its Steering Committee comprises 

people who are at the forefront of seamount research, and can 

therefore contribute a wealth of knowledge and experience to 

issues of seamount biodiversity, fisheries and conservation.

One of the key themes of CenSeam is to assess the impacts of 

fisheries on seamounts, and to this end, it has established a Data 

Analysis Working Group (DAWG) that includes people with a wide 

range of expertise on seamount datasets and analysis and 

modelling technigues.
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accelerating degradation of the world's oceans and coastal areas 

through the sustainable management and use of the marine and 

coastal environment, by engaging neighbouring countries in 

comprehensive and specific actions to protect their shared marine 

environment.
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The UNEP World Conservation Monitoring Centre (UNEP-WCMC)
is the biodiversity assessment and policy implementation arm of 

the United Nations Environmental Programme (UNEP), the 

world's foremost intergovernmental environment organization. 

UNEP-WCMC aims to help decision makers recognize the value of 

biodiversity to people everywhere, and to apply this knowledge to 

all that they do. The Centre's challenge is to transform complex 

data into policy-relevant information, to build tools and systems 

for analysis and integration, and to support the needs of nations 

and the international community as they engage in programmes 

of action.
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Department of Nature, Ministry of Agriculture, Nature and Food 

Quality, Netherlands.

CENSUS' 
O F MARINE LIFE

The Census of Marine Life (CoML) is a global network of 

researchers in more than 70 nations engaged in a ten-year 

initiative to assess and explain the diversity, distribution and 

abundance of marine life in the oceans -  past, present and future.
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The National Institute of Water and Atmospheric Research 

(NIWA) is a research organization based in New Zealand, and is an 

independent provider of environmental research and consultancy 

services.

The Intergovernmental Oceanographic Commission (IOC) of the 

United Nations Educational, Scientific and Cultural Organization 

(UNESCO) provides Member States of the United Nations with an 

essential mechanism for global cooperation in the study of the 

ocean. The IOC assists governments to address their individual 

and collective ocean and coastal problems through the sharing of 

knowledge, information and technology and through the 

coordination of national programmes.
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Foreword

Foreword
'How inappropriate to cali this p lanet Earth, when it is quite clearly Ocean'

a ttrib u te d  to Arthur C Clarke

A  took at a map of the w orld  shows how true  th is 

s ta tem en t is. Approxim ate ly tw o -th irds  of ou r planet 

is covered by the oceans. The volum e of living space 

provided by the seas is 168 tim es la rger than that of 

te rre s tria l habitats and harbours m ore than 90 per cent of 

the p lanet's living biomass.

The way m ost w o rld  m aps dep ic t the oceans is 

deceiving: while  the land is shown in great detail w ith 

co lours ranging from  greens, yellows and browns, the sea 

is nearly always indicated in subtle  shades of pale blue. 

This belies the true  s truc tu re  of the seafloor, which is 

as com plex and varied as that of the continents -  o r even 

more so. Some of the la rgest geological features on Earth 

are found on the bottom  of the oceans. The m id-ocean 

ridge system  spans around 64 000 km, fou r tim es longer 

than the Andes, the Rocky M ountains and the Himalayas 

combined. The la rgest ocean trench dw arfs  the Grand 

Canyon, and is deep enough for M ount Everest to fit in w ith  

room  to spare.

Only in the last decades, advanced technology has 

revealed that there are also countless sm a lle r features -  

seam ounts -  arising in every shape and fo rm  from  the sea 

floo r of the deep sea, often in m arine areas beyond national 

ju risd ic tion . Observations w ith subm ers ib les and rem ote 

con tro lled  cam eras have docum ented tha t seam ounts 

provide habitat fo r a large variety of m arine an im a ls and 

unigue ecosystems, many of which are s t ill to be discovered

and described. However, the sam e observa tions also 

provided a la rm ing  evidence that seam ount habitats are 

increasingly threatened by hum an activities, especially from  

the rapid increase of deep-sea fishing.

The United Nations General Assem bly has repeatedly 

ca lled upon States and in te rn a tio n a l o rgan iza tions to 

urgently take action to address destructive practices, such 

as bottom  traw ling, and the ir adverse im pacts on the 

m arine biodiversity and vu lnerable ecosystems, especially 

co ld -w a te r cora ls on seam ounts.

This report, com piled by an in te rna tiona l group of 

leading experts w ork ing  under the Census of Marine Life 

p rog ram m e, responds to these ca lls . It provides a 

fascinating ins ight into what we know about seam ounts, 

deep-sea cora ls and fisheries, and uses the la test facts 

and figures to pred ict the existence and vu lne rab ility  of 

seam ount com m un ities  in areas fo r w hich we have no or 

only insu ffic ien t in form ation.

The deep w aters and high seas are the Earth ’s fina l 

fron tie rs  fo r exploration. Conservation, m anagem ent and 

susta inable use of the resources they provide are among the 

m ost c ritica l and pressing ocean issues today.

S eam oun ts  and th e ir  associa ted ecosystem s are 

im portan t and precious fo r life in the oceans, and for 

hum ankind. We hope that th is report provides insp iration  to 

take concerted action to prevent the ir fu rth e r degradation, 

before it is too late.

Veerle Vandeweerd, Head, 

United Nations Environment 

Program m e (UNEP) Regional 

Seas Program m e, 

Coordinator, G PA

r
Jon Hutton, Director, 

UNEP W orld Conservation 

M onitoring Centre

Patricio Bernal, Executive Secretary, 

In tergovernm enta l Oceanographic 

Com m ission (IOC) of the United 

Nations Educational, Scientific and 

C u ltu ra l Organization (UNESCO]
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Executive summary

The oceans cover 361 m illion  square k ilom etres, a lm ost 

th ree -qua rte rs  (71 per cent] of the surface of the Earth. 

The overwhelm ing m ajority  (95 per cent] of the ocean 

area is deeper than 130 m, and nearly tw o -th irds  (64 per 

cent] are located in areas beyond national ju risd ic tion . 

Recent advances in science and technology have provided an 

unprecedented insight into the deep sea, the largest realm  

on Earth and the fina l fron tie r fo r exploration. Satellite and 

shipborne rem ote sensors have charted the sea floor, 

revealing a com plexity of m orpho log ica l features such as 

trenches, ridges and seam ounts which rival those on tand. 

S ubm ers ib les  and rem o te ly  opera ted veh ic les have 

documented rich and diverse ecosystems and com m unities, 

which has changed how we view life in the oceans.

The sam e advances in technology have also documented 

the increasing foo tprin t of human activities in the rem ote 

and tittte -know n w aters and sea floo r of the deep and high 

seas. A targe num ber of video observations have not only 

documented the rich biodiversity of deep-sea ecosystems 

such as co td-w ater corat reefs, but also gathered evidence 

tha t m any of these b io log ica l co m m u n itie s  had been 

im pacted o r destroyed by human activities, especially by 

fishing such as bottom  traw ling. In tight of the concerns 

raised by the sc ie n tif ic  com m un ity , the UN G eneral 

Assem bly has discussed vulnerable m arine ecosystems and 

biodiversity in areas beyond nationa l ju risd ic tion  at its 

sessions over the tast four years (2003-2006), and catted, 

in te r alia, 'fo r urgent consideration of ways to in tegrate and 

improve, on a sc ien tific  basis, the m anagem ent of risks to 

the m arine biodiversity of seam ounts, co td -w ater corat reefs 

and certa in o ther underw ater features’.

This report, produced by the Data Analysis Working 

Group of the global census of m arine life on seam ounts 

(CenSeam), is a contribution  to the in te rna tiona l response to 

th is catt. It reveals, fo r the firs t tim e, the g lobal scale of the 

tikety vu lnerab ility  of hab ita t-fo rm ing  stony (scteractinian) 

corats, and by proxy a diverse assemblage of o ther species, 

to the im pacts of traw ling  on seam ounts in areas beyond 

national ju risd ic tion. In o rder to support, focus and guide the 

ongoing in te rn a tio n a l d iscuss ions, and the em erg ing  

activities for the conservation and susta inable m anagem ent 

of co td-w ater corat ecosystem s on seam ounts, the report:

1. compites and /o r sum m arizes data and in form ation on 

the global d is tribu tion  of seam ounts, deep-sea corats on 

seam ounts and deep-w ater seam ount fisheries;

2. p red ic ts  the g loba l occu rrence  of env ironm en ta l 

conditions suitab le fo r stony corats from  existing records

on seam ounts and identifies the seam ounts on which 

they are m ost tikety to occur globally;

3. com pares the predicted d is tribu tion  of stony corats on 

seam oun ts  w ith  tha t of dee p -w a te r fish ing  on 

seam ounts worldw ide;

4. qualita tively assesses the vu lnerab ility  of com m unities 

living on seam ounts to putative im pacts by deep-w ater 

fishing activities;

5. h igh ligh ts c ritica l in form ation gaps in the developm ent 

of risk assessm ents to seam ount biota gtobatty.

SEAMOUNT CHARACTERISTICS AND DISTRIBUTION
A seam ount is an elevation of the seabed w ith a su m m it of 

lim ited extent tha t does not reach the surface. Seam ounts 

are p rom inent and ubiquitous geological features, which 

occur m ost com m only in chains or c lusters, often along 

the m id-ocean ridges, or arise as isolated features from  the 

sea floor. Generally volcanic in origin, seam ounts are often 

conical in shape when young, becoming less regu la r w ith 

geological tim e as a resu lt of erosion. Seam ounts often have 

a com plex topography of terraces, canyons, p innacles, 

crevices and c ra te rs  -  te llta le  signs of the geological 

processes which form ed them  and of the scouring over tim e 

by the cu rren ts  which flow  around and over them.

As seam ounts protrude into the w a te r colum n, they are 

sub ject to, and in te ract w ith, the w ate r curren ts  surround ing 

them . Seam ounts can m odify m ajor currents, increasing the 

velocity of w ate r masses that pass around them . This often 

leads to complex vortices and cu rren t patterns that can 

erode the seam ount sed im ents and expose hard substrata. 

The effects of seam ounts on the surrounding w ate r masses 

can include the form ation of ’Taylor’ caps o r colum ns, 

whereby a rotating body of w ate r is retained over the sum m it 

of a seam ount.

In the present study the g lobal position of only targe 

seam ounts (>1 000 m elevation] were taken into account due 

to m ethodologica l constra ints. Based on an analysis of 

updated sate llite  data, the location of 14 287 large sea­

m ounts has been predicted. This is tikety an underestim ate. 

Extrapolations from  o ther sa te llite  m easurem ents estim ate 

that there may be up to 100 000 targe seam ounts w orldw ide.

Numbers of predicted seamounts peak between 30°N  

and 30°S, with a rapid decline above 50°N and below 60°S. 
The majority of large seamounts (8 955) occur in the 

Pacific Ocean area (63 per cent), with 2 704 (19 per cent) in 

the Atlantic Ocean and 1 658 (12 per cent) in the Indian 

Ocean. A sm all proportion of seamounts are distributed

6
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between the Southern Ocean (898; 6 per cent), the  

Mediterranean/Black Seas (59) and Arctic Ocean (13) (both 

less than 1 per cent).
An analysis of the occurrence of these seam ounts inside 

and outside of Exclusive Economic Zones (EEZs) indicates 

that ju s t over ha lf (52 per cent) of the w o r ld ’s large 

seam ounts are located beyond areas of national ju risd ic tion . 

The m ajority  of these seam ounts (10 223; 72 per cent) have 

su m m its  sha llow er than 3 000 m w ater depth.

DEEP-SEA CORALS AND BIODIVERSITY
Com pared to the su rro u n d in g  deep-sea env ironm en t, 

seam ounts may fo rm  biological hotspots w ith a distinct, 

abundant and diverse fauna, and som etim es contain many 

species new to science. The d is tribu tion  of o rgan ism s on 

seam ounts is strong ly influenced by the in teraction between 

the seam ount topography and currents. The occurrence of 

hard substra ta  m eans that, in con trast to the m ostly soft 

se d im en ts  of the su rro u n d in g  deep sea, seam oun t 

com m unities are often dom inated by sessile, perm anently 

a ttached o rg a n ism s  th a t feed on p a rtic le s  of food 

suspended in the water. Corals are a p rom inent com ponent 

of the suspension-feeding fauna on many seam ounts, 

accompanied by barnacles, bryozoans, polychaete worm s, 

m olluscs, sponges, sea sgu irts  and crino ids (which include 

sea lilies and feather stars).

M ost deep-sea co ra ls  belong to the hexacora llia , 

including stony cora ls (scleractin ians) and black corals 

(antipatharians), or the Octocorallia, which include soft 

cora ls such as gorgonians.

Three -d im ens iona l s truc tu re s  ris ing  above the sea 

floo r in the fo rm  of reefs created by some species of 

stony coral, as w e ll as cora l 'beds’ form ed by black corals 

and octocorals, are com m on features on seam ounts and 

co n tin en ta l shelves, slopes, banks and ridges. Coral 

fram ew orks add habitat com plexity to seam ounts and o ther 

deep-w ater environm ents. They o ffe r refugia fo r a great 

variety of invertebrates and fish (including com m ercia lly  

im portan t species) w ith in, or in association w ith, the living 

and dead cora l fram ew ork. C o ld-w ater cora ls are freguently 

concentrated in areas of the strongest cu rren ts  near ridges 

and pinnacles, providing hard substra ta  fo r colonization 

by o ther encrusting organism s and allow ing them  better 

access to food brought by prevailing currents. A lthough the 

co-existence between cora l and non-cora l species is in m ost 

cases s t ill unknown, recent research is showing that some 

co ra l/non -co ra l re la tionsh ips may show d iffe rent levels 

of dependency. A review of direct dependencies on cold- 
w ater corals globally, including those on seamounts, has 

shown that of the 983 coral-associated species studied, 11A 

w ere characterized as mutually dependent, of which 36 

w ere exclusively dependent on cnidarians (group of

anim als that contains the corals, hydroids, jellyfishes and 

sea anemones). A recent study recorded more than 1 300 

species associated with the stony coral Lophelia pertusa  on 

the European continental slope or shelf. Thus some cold- 
w ater corals may be regarded as 'ecosystem engineers' 
because they create, modify and maintain habitat for other 

organisms, sim ilar to trees in a forest.
C old-w ater corals can form  a s ign ificant com ponent 

of the species diversity on seam ounts and play a key 

ecological role in the ir b io logical com m unities. The assess­

m ent of the potentia l im pacts of bottom  traw ling on cora ls is 

therefore a useful proxy for gauging the effects of these 

activities on seam ount benthic biodiversity as a whole. A 

com prehensive assessm ent of b iod ivers ity  is cu rre n tly  

im possible because of the lack of data fo r many faunal 

groups living on seam ounts.

DISTRIBUTION OF CORALS ON SEAMOUNTS
One of the data sources utilized for th is  report was a 

database of 3 235 records of known occurrences of five 

m ajor cora l groups found on seam ounts, including some 

sha llow er features <1 000 m elevation. Existing records 

show that the stony corals (scleractin ians) were the m ost 

diverse and com m only observed cora l group on seam ounts 

(249 species, 1 715 records) followed by Octocorallia (161 

species, 959 records), Stylasterida (68 species, 374 records), 

Antipatharia  (34 species, 159 records) and Zoanthidea (14 

species, 28 records). These records included a ll species of 

corals, including those that were ree f-fo rm ing , contributed 

to reef fo rm ation, or occur as isolated colonies.

The m ost evident finding in analysing the cora l database 

is that sam pling of seam ounts has not taken place evenly 

across the w o rld ’s oceans, and that there are s ign ificant 

geographic gaps in the d is tribu tion  of studied seam ounts. 

For some regions, such as the Indian Ocean, very few  

seamount samples are available. In total, less than 300 

seamounts have been sampled for corals, representing 

only 2.1 per cent of the identified num ber of seamounts in 

the oceans globally (or 0.03 per cent when assuming there  

are 100 000 large seamounts). Only a relatively sm a ll 

num ber of cora l species have wide geographic d istribu tions, 

and very few have near cosm opolitan d is tribu tions. Many of 

the w idely d istribu ted species are the p rim ary  reef, habitat 

o r fra m e w o rk -b u ild in g  stony co ra ls  such as Lophelia  

pertusa, M adrepora oculata  and Solenosm ilia  variabilis.

In m ost parts of the w orld, stony cora ls were the m ost 

diverse group, followed by the octocorals. Elowever, in the 

northeastern  Pacific, octocora ls are m arked ly more diverse 

than stony corals. Most stony corals and sty lasterid  species 

o ccu r in the upper 1 000-1 500 m depth range. 

A n tipa tharians also occurred in the upper 1 000 m, although 

a h igher proportion of species occurs in deeper w aters than
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the two previous groups. Octocorals were d istribu ted to 

g reater depths, w ith  m ost species in the upper 2 000 m. Very 

little  sam pling has occurred below 2 000 m.

There are a num ber of reasons for the differences in the 

depth and regional d is tribu tion of the cora l groups, including 

species-re lated preferences of the nature of substrates 

available fo r attachm ent, guantity, guality and abundance 

of food at d iffe rent depths, the depth of the aragonite 

sa tu ra tion  horizon, tem pera tu re  and the ava ilab ility  of 

essentia l e lem ents and nutrien ts.

PREDICTING GLOBAL DISTRIBUTION OF STONY CORALS 

ON SEAMOUNTS
The dataset fo r corals on seam ounts revealed s ign ificant 

areas of weakness in ou r knowledge of cora l d iversity and 

d is tribu tion  on seam ounts, especially the lack of sam pling 

on seam ounts at eguatoria l latitudes. Thus, to make a 

reasonable assessment of the vulnerability of seamount 
corals to bottom traw ling (and, by proxy, determ ine  

the potential impacts of this activity on non-coral 
assemblages), it was necessary to fill the sampling gaps by 

predicting the global occurrence of suitable coral habitat 
by modelling coral distribution.

An environm enta l niche factor analysis (ENFA) was used 

to m odel the global d is tribu tion  of deep-sea stony cora ls on 

seam ounts and to predict habitat su itab ility  fo r unsampled 

regions. Other groups of coral, such as octocorals, for 

example, can also fo rm  im portan t habitats such as cora l 

beds. These cora ls may have very d iffe rent d is tribu tions 

to stony corals, which would also be useful to appreciate in 

the context of determ in ing the vu lnerab ility  of seam ount 

com m unities to bottom  traw ling. The available data for 

octocora ls are, unfortunately, cu rren tly  too lim ited to enable 

appropria te m odelling.

ENFA com pares the observed d is tribu tion  of a species to 

the background d is tribu tion  of a variety of environm enta l 

factors. In th is  way, the m odel assesses the environm enta l 

niche of a taxonom ic group -  i.e. how narrow  o r wide this 

niche is -  identifies the relative difference between the niche 

and the mean background environm ent, and reveals those 

environm enta l factors that are im portan t in determ in ing  the 

d is tribu tion  of the studied group.

The m odel used and combined:

(i). the location data of 14 287 predicted large seam ounts;

(ii). the location records of stony cora ls (Scleractinia) on 

seam ounts; and

(iii), physical, b io logical and chem ica l oceanographic data 

from  a va rie ty  of sources fo r 12 env iro n m e n ta l 

p a ram e te rs  (tem pera tu re ; sa lin ity ; depth of co ra l 

occurrence; surface ch lorophyll; dissolved oxygen; per 

cent oxygen satura tion; overlying w ater productivity; 

export p rim ary  productivity; regional cu rren t velocity;

to ta l a lka lin ity ; to ta l d issolved ino rgan ic  carbon; 

aragonite satura tion  state).

The model predictions w ere as follows: in near-surface  

waters (0-250 m), habitat predicted to be suitable for stony 

corals lies in the southern North Atlantic, the South 

Atlantic, much of the Pacific, and the southern Indian 

Ocean. The Southern Ocean and the northern North  

Atlantic are, however, unsuitable. Below 250 m depth, the 

suitability patterns for coral habitat change substantially. 
In depths of 250-750 m, a narrow band occurs around 

30°N ± 10°, and a broader band of suitable habitat occurs 

around 40°S ± 20°. In depths of 750-1 250 m, the North 

Pacific and northern Indian Ocean are unsuitable for stony 

corals. The circum -global band of suitable habitat at 
around 40°S narrows with increasing depth (to ± 10°). 
Suitable habitat areas also occur in the North Atlantic and 

tropical western Atlantic. These areas remain suitable 

for stony corals with increasing depth (1 250-1 750 m; 
1 750-2 250 m; 2 250 m -2  500 m), w hereas the band 

at 40°S breaks up into sm aller suitable habitat areas 

around the southeast coast of South America and the tip 

of South Africa.
The global extent of habitat suitability for seamount 

stony corals was predicted to be at its maximum between 

around 250 m and 750 m. The majority of the suitable 

habitat for stony corals on seamounts occurs in areas 

beyond national jurisdiction. However, suitable habitats are  

also predicted in deeper waters under national jurisdiction, 
especially in the EEZs of countries:
1. between 20°S and 60°S off Southern Africa, South 

America and in the A ustralia /New  Zealand region;
2. off Northwest Africa; and
3. around 30°N in the Caribbean.

Combining the predicted habitat suitability  w ith  the  

summit depth of predicted seamounts indicates that the 

majority of seamounts that may provide suitable habitat 
for stony corals on their sum m its are located in the 

Atlantic Ocean. The rest are m ostly c lustered in a band 

between 15°S and 50°S. A few seam ounts elsewhere, such 

as in the South Pacific, w ith  sum m its  in the depth range 

between 0 m and 250 m, are highly suitable. In the Atlantic, 

a targe proportion of suitable seam ount su m m it habitat is 

beyond national ju risd ic tion , whereas in the Pacific, m ost of 

th is seam ount habitat ties w ith in  EEZs. In the southern 

Indian Ocean, suitable habitat appears both w ith in  and 

outside of EEZs. When analysing habitat su itab ility  on the 

basis of su m m it depth, it should be noted that suitable 

habitat fo r stony corats m ight also occur on the slopes of 

seam ounts, i.e. at depths grea te r than the sum m it.

The analysis found the fo llow ing environm enta l factors
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were im portan t for determ in ing suitable habitat fo r stony 

corals: high levels of aragonite satura tion , dissolved oxygen, 

per cent oxygen satura tion , and low values of to ta l dissolved 

inorganic carbon. N e ither surface ch lorophyll nor regional 

cu rren t velocity appears to be im portan t fo r the global 

d is tribu tion  of stony cora ls on seam ounts. Nevertheless, 

these factors may be im portan t fo r the d is tribu tion  of corals 

at s m a lle r spatia l scales, such as on an individual seam ount.

The strong dependency of cora l d is tribu tion  on the 

availab ility of aragonite (a fo rm  of ca lc ium  carbonate] is 

noteworthy. Stony cora ls use aragonite to fo rm  the ir hard 

skeletons. A reduction in the availability of aragonite, fo r 

example through anthropogenica lly induced acid ification of 

the oceans due to rising CO2 levels, w ill lim it the am ount 

of suitable habitat fo r stony corals.

SEAMOUNT FISH AND FISHERIES
Seamounts support a large and diverse fish fauna. Recent 
reviews indicate that up to 798 species are found on and 

around seamounts. Most of these fish species are not 

exclusive to seam ounts, and occur w idely on continenta l 

she lf and slope habitats. Seam ounts can be an im portan t 

habitat fo r com m ercia lly  valuable species, which may form  

dense aggregations for spawning o r feeding targeted by 

large-scale fisheries.

For the purpose of th is  report, the d is tribu tion  and depth 

ranges of com m ercia l fish species were compiled from  a 

nu m b e r of In te rne t and lite ra tu re  sources, inc lud ing  

seam ount fishe ries  catch data of Soviet, Russian and 

Ukrainian operations since the 1960s; published data on 

Japanese, New Zealand, Austra lian, European Union (EU) 

and S outhern  A frican  fishe ries ; Food and A g ricu ltu re  

Organization of the United Nations (FAO) catch sta tistics; 

and unpublished sources. A lthough known to be incomplete, 

th is is the m ost com prehensive com pilation  attem pted to 

date for seam ount fisheries, and is believed to give a 

reasonable  ind ica tion  of the genera l d is tr ib u tio n  of 

seam ount catch over the last four decades.

D eep-w a te r tra w l fishe ries  occur in areas beyond 

national ju risd ic tion  for around 20 m ajor species. These 

include a lfonsino (Beryx sp lendens!, b lack card ina lfish  

(Epigonus te lescopus!, orange roughy (H op loste thus  

a tlan ticus !, a rm ou rhead  and so u the rn  boarfish  

(P seudopentaceros  spp .), red fishes (Sebastes  spp.j, 

m acrou rid  ra tta ils  (p r im a rily  roundnose g renad ie r 

Coryphaenoides rupestris!, oreos (including sm ooth oreo 

Pseudocyttus m aculatus, b lack oreo A llocyttus  n ige r! and 

Patagonian toothfish  (D issostichus eleginoides!, and in 

some areas Antarctic toothfish (Dissostichus mawsonii, 

which has a restricted southern d istribu tion. Many of these 

fisheries use bo ttom -tra w l gear. Other fisheries occur over 

seam ounts, such as those fo r pelagic species (mainly tunas]

and target species for sm a lle r-sca le  line fisheries (e.g. black 

scabbardfish Aphanopus carbo}.

The d is tribu tion  of fou r of the m ost im portan t seam ount 

fish species (for e ither the ir abundance or com m ercia l 

value] is as follows:

1. ORANGE ROUGHY is widely distributed throughout the 

Northern and Southern Atlantic Oceans, the m id­
southern Indian Ocean and the South Pacific. It does 

not extend into the North Pacific. It is frequently  

associated with seamounts for spawning or feeding, 
although it is also w idespread over the genera l 
continental slope.

2. ALFONSINO has a global distribution, being found in all 
the major oceans. It is a shallower species than orange 

roughy, occurring mainly at depths of A00-600 m. It is 

associated with seamount and bank habitat.
3. ROUNDNOSE GRENADIER is restricted to the North 

Atlantic, where it occurs on both sides, as w e ll as on the 

Mid-Atlantic Ridge, where aggregations occur over 

peaks of the ridge.
A. PATAGONIAN TOOTHFISH has a very wide depth range 

and is som etimes associated with seamounts, but it is 

also found on general slope and large bank features.

The d is tribu tion  of h is to rica l seam ount fisheries includes 

heavy fishing on seam ounts in the N orth Pacific Ocean 

around Hawaii fo r arm ourhead and alfonsino; in the South 

Pacific fo r a lfonsino, orange roughy and oreos; in the 

southern  Indian Ocean for orange roughy and alfonsino; in 

the N orth  A tlan tic  fo r roundnose grenadier, a lfonsino, 

orange roughy, redfish and card inalfish; and in the South 

A tlan tic  fo r a lfonsino and orange roughy. Antarctic waters 

have been fished for toothfish, icefish and notothenioid cods.

The total historical catch from seamounts has been 

estimated at over 2 million tonnes. Many seamount fish 

stocks have been overexploited, and without proper and 

sustainable management, they have followed a 'boom 

and bust' cycle. A fter very high initial catches per unit 
effort, the stocks were depleted rapidly over short tim e  

scales (<5 years) and are now closed to fishing or no longer 

support commercial fisheries. The life history character­
istics of many deep-w ater fish species (e.g. slow growth 

rate, late age of sexual maturity) make the recovery and 

recolonization of previously fished seamounts slow.
Over the last decade, exploratory fishing for deep- 

w a ter species in many areas beyond national jurisdiction  

has focussed on alfonsino and orange roughy. The depth 

distribution of the two main target fisheries for alfonsino 

and orange roughy differ. The fo rm er is prim arily fished 

betw een 250 and 750 m, and includes associated  

com m ercial species like black cardinalfish and southern  

boarfish. The orange roughy fisheries on seamounts,
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between 750 and 1 250 m depth (deeper fishing can occur 

on the continental slope), include black and smooth oreos 

as bycatch. Seam ount sum m it depth data was used to 

indicate w here such suitable fisheries habitat might occur 

in areas beyond national jurisdiction. Combined with  

in form ation  on the geographical d istribution of the  

com m ercial species, various areas w here fishing could 

occur w ere broadly identified. Many of these areas are in 

the southern Indian Ocean, South Atlantic and North  

Atlantic. The South Pacific Ocean also has a num ber of 
ridge structures with seamounts that could host stocks of 
alfonsino and orange roughy. Many of these areas have 

already been fished and some are known to have been 

explored, but com m ercial fisheries have not developed.

ASSESSING THE VULNERABILITY OF STONY CORALS 

ON SEAMOUNTS
In order to assess the tikety vutnerabltlty  of corats and the 

biodiversity of benthic anim ats on seam ounts to the im pact 

of fishing, the report examines the overtap and in teraction 

between:

1. the predicted gtobat d is tribu tion  of suitable habitat fo r 

stony corats;

2. the location of predicted targe seam ounts w ith sum m its  

in depth ranges of a lfons ino  and orange roughy 

fisheries; and

3. the d is tribu tion  of the fishing activity on seam ounts for 

these two species, and com bines th is  w ith  in form ation 

on the known effects of traw ling.

Many long-lived epibenth ic anim ats such as cora ls have an 

im portan t s tru c tu ra l role w ith in  sea floo r com m unities, 

providing essentia l habitat fo r a large num ber of species. 

Conseguently, the loss of such an im a ls lowers survivorship 

and recolonization of the associated fauna, and has spawned 

analogies w ith forest c lea r-fe lling  on land. A considerable 

body of evidence on the ecological im pacts of traw ling  is 

available fo r sha llow  waters, but sc ien tific  in form ation on the 

effects of fishing on deep-sea seam ount ecosystems is 

m uch m ore lim ited to stud ies from  seas off northern  

Europe, A us tra lia  and New Zealand. These s tud ies  

suggested that traw ling  had largely removed the habitats 

and ecosystem s fo rm ed by the cora ls , and thereby 

negatively affected the diversity, abundance, b iomass and 

com position of the overa ll benthic invertebrate community.

The in tensity of traw ling  on seam ounts can be very high. 

From several hundred to several thousand traw ls  have been 

carried out on sm a ll seam ount features in the orange 

roughy fisheries around Austra lia  and New Zealand. Such 

intense fishing means that the same area of the sea floor 

may be traw led repeatedly, causing long -te rm  damage to 

the cora l com m unities by preventing any s ign ificant recovery

or recolonization. T raw ling ’s im pact on sea floo r biota d iffers 

depending on the gear type used. The m ost severe damage 

has been reported from  the use of bottom  traw ls  in the 

orange roughy fishe ries  on seam ounts. In fo rm ation  is 

curren tly  lacking about the potentia l im pact of traw ling  

practices for a lfonsino, where m id -w a te r traw ls  are often 

used on seam ounts. These may have only a sm a ll im pact if 

they are deployed w e ll above the sea floor. However, in many 

cases the gear is m ost effective when fished very close to, or 

even ligh tly  touching, the bottom . Thus, it is likely tha t the 

effects of the alfonsino fisheries on the benthic fauna would 

be s im ila r to that of the orange roughy fisheries.

The com parison between the distributions of 
commercially exploited fish, fishing effort and coral habitat 
on seamounts highlighted a broad band of the southern 

Atlantic, Pacific and Indian Oceans between about 30°S and 

50°S, where there are numerous seamounts at fishable 

depths, and high habitat suitability for corals at depths 

between 250 m and 750 m (the preferred alfonsino  

fisheries depth range), and again -  but somewhat narrower 

-  between 750 m and 1 250 m depth (the preferred orange 

roughy fisheries depth range).
This spatial concordance suggests there could be 

further commercial exploration for alfonsino and orange 

roughy fisheries on large seamounts in the centra l- 
eastern southern Indian Ocean, the southern portions 

of the M id-Atlantic Ridge in the South Atlantic, and 

some regions of the sou thern -cen tra l Pacific Ocean. 
Importantly, since these areas also contain habitat suitable 

for stony coral, impacts on d eep -w ater corals and 

seamount ecosystems in general are likely to arise in such 

a scenario. However, it is uncertain w hether fisheries 

exploration w ill result in economic fisheries.

A WAY FORWARD
This report has identified sizeable geographical areas w ith 

large seam ounts, which are su itab le fo r stony cora ls and 

are vulnerable to the im pacts of expanding deep-sea fishing 

activities. To establish and im p lem ent adeguate and effective 

m anagem ent plans and protection m easures for these 

areas beyond na tiona l ju r is d ic tio n  w ill p resen t m a jo r 

challenges for in te rna tiona l cooperation. In addition, the 

report has identified that there are large gaps in the curren t 

know ledge of the d is tr ib u tio n  of seam oun ts  and the 

biodiversity they harbour.

In ligh t of these findings, the report recom m ends a 

num ber of activities to be carried out co llaborative ly by a ll 

stakeholders under the fo llow ing headings:

How can the impacts of fishing on seamounts be managed 

in areas beyond national jurisdiction?
M anagem ent in itia tives  fo r se am oun t fish e rie s  w ith in
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nationa l EEZs have increased in recent years. Several 

countries have closed seam ounts to fisheries, established 

habitat exclusion areas and stipu lated method restrictions, 

depth lim its, individual seam ount catch quotas and bycatch 

quotas.

In comparison, fisheries beyond areas of national 
jurisdiction have often been entirely unregulated. There 

are 12 Regional Fisheries Managem ent Organizations 

(RFMOs) with responsibility to agree on binding measures 

that cover areas beyond national jurisdiction, including 

some of the geographical areas identified in this report that 
might see fu rth e r expansion of exploratory fishing 

for alfonsino and orange roughy on seam ounts. An 

RFMO covers parts of the eastern South Atlantic where  

exploratory fishing has occurred in recent decades, and 

where further trawling could occur. However, the western  

side of the South Atlantic is not sim ilarly covered by an 

international management organization. There have been 

recent efforts to improve cooperative managem ent of 
fisheries in the Indian Ocean, although there are no areas 

covered by an RFMO. In addition, efforts are underway -  in 

the South Pacific, for example -  to establish a new regional 
fisheries convention and body, which would fill a large gap 

in global fisheries management. However, it should be 

noted that only the five RFMOs for the Southern Ocean, 

Northw est A tlantic, N ortheast A tlantic, Southeast A tlan tic  

and the M editerranean curren tly  have the legal competence 

to manage m ost or a ll fisheries resources w ith in  the ir areas 

of application, includ ing the m anagem ent of deep-sea 

stocks beyond national ju risd ic tion . The o ther RFMOs have 

competence only w ith respect to pa rticu la r target species 

like tuna o r salm on.

In the lig h t of the recent in te rn a tio n a l d ia logues 

concerning the conservation and susta inable m anagem ent 

and use of biodiversity in areas beyond national ju risd ic tion  

held w ith in  and outside the United Nations system, various 

fisheries bodies are more actively updating the ir mandates 

and including benthic protection m easures as part of the ir 

fisheries m anagem ent portfo lios. It appears that a growing 

legislation and policy fram ework, including an expanding 

RFMO network, particularly in the southern hemisphere, 
could enable the adequate protection and management of 
the risks to vu lnerab le  seam ount ecosystems and 

resources identified in this report. In o rder to be 

successful, a num ber of challenges w ill have to be 

overcome, including:
1. Establishing adequate data reporting requirements for 

com m ercial fishing fleets. Some unregulated and 

unreported fishing activities take place, even in areas 

w here there are well-defined fishery codes of practice 

and allowable catch limits (e.g. Patagonian toothfish 

fishery). Some countries require vessels registered to

them to report detailed catch and effort data, but many 

do not. Therefore it is difficult at times to know where  

certain landings have been taken.
2. Ensuring compliance with measures, especially in 

areas that are fa r offshore and where vessels are 

difficult to detect. Compliance monitoring is also acute 

in southern hemisphere high seas areas, where there 

are no quotas for offshore fisheries.
3. Facilitating RFMOs, where necessary, to undertake  

ecosystem-based management of fisheries on the high 

seas.
A. Establishing, where appropriate, dialogue to ensure 

free  exchange of inform ation between RFMOs, 
governments, conservation bodies, the fishing industry 

and scientists working on benthic ecosystems.

The experiences gained by countries in the protection of 

seam oun t env ironm en ts  in th e ir  EEZs and in the 

m anagem ent of the ir national deep-w ater fisheries can 

provide usefu l case examples for the approach to be taken 

under RFMOs. Other regional bodies, such as Regional Sea 

Conventions and Action Plans, m ight be able to provide 

lessons learned from  regional cooperation to conserve, 

protect and use coastal m arine ecosystem s and resources 

sustainably, including the im p lem entation of an ecosystem 

approach in oceans m anagem ent and the es tablishm ent of 

netw orks of m arine protected areas (MPAs). Regional Sea 

Conventions and Action Plans also provide a fram ew ork for 

raising awareness of cora l habitats in deep w a te r areas 

under national ju risd ic tion , and coordinating and supporting 

the e fforts  of individual countries to conserve and manage 

these ecosystem s and resources sustainably.

In calling for urgent action to address the im pact of 

des truc tive  fish ing  p ractices on vu lne rab le  m arine  

ecosystem s, Paragraph 66 of UN G enera l A ssem bly 

Resolution 59/25 places a strong em phasis on the need to 

consider the question of bo ttom -tra w l fishing on seam ounts 

and o ther vulnerable m arine ecosystems on a sc ien tific  and 

precautionary basis, consistent w ith  in te rna tiona l law. The 

UN Fish Stocks Agreem ent (FSA) A rtic les 5 and 6 -  'General 

p rin c ip le s ’ and the 'A pp lica tion  of the p recau tiona ry  

approach’ -  also establish c lear ob ligations for fisheries 

conservation and the protection of m arine biodiversity and 

the m arine environm ent from  destructive fishing practices. 

The A rtic les  also establish that the use of science is 

essentia l to m eeting these objectives and obligations. At the 

same tim e, the FSA recognizes that sc ien tific  understanding 

may not be com ple te  o r com prehensive, and in such 

circum stances, caution m ust be exercised. The absence 

of adequate sc ien tific  in form ation sha ll not be used as a 

reason for postponing or failing to take conservation and 

m anagem ent measures.
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A precautionary approach, consistent with the general 
principles for fisheries conservation contained in the FSA, 
as w e ll as the UN FAO Code of Conduct for Responsible 

Fisheries and the principles and obligations for biodiversity 

conservation in the Convention on Biological Diversity 

(CBD), would require the exercise of considerable caution 

in relation to permitting or regulating bottom -traw l fishing 

on the high seas on seamounts. This is because of the 

w idespread d is tribu tion  of stony cora ls and associated 

assem blages on seam ounts in many high seas regions, and 

the likelihood that seam ounts at fishable depths may also 

contain  o th e r species vu lne rab le  to deep-sea bo ttom  

traw ling even in the absence of stony corals. In th is regard, 

a prudent approach to the m anagem ent of bo ttom -traw l 

fisheries on seam ounts on the high seas would be to 

ascertain w he ther vulnerable species and ecosystems are 

associated w ith  a p a rticu la r area of seam ounts of potentia l 

in terest fo r fishing, and only then pe rm itting  w e ll-regu la ted  

fishing activity provided that no vu lnerable ecosystems 

would be adversely impacted.

Further and improved seamount research
The conclusions of th is  report apply only to the association 

of stony cora ls w ith  large seam ounts. In order to consider 

o ther taxonom ic groups on a w ider range of seam ounts, 

fu rth e r sam pling and research is required.

Spatia l coverage of sam pling of seam ounts is poor and 

data gaps cu rren tly  impede a com prehensive assessm ent of 

b iodiversity and species d is tribu tions. Only 80 of the 300 

b io log ica lly  surveyed se am oun ts  have had at least a 

m oderate level of sam pling. Existing surveys have tended to 

concentrate on a few geographic areas, thus the existing 

data on seam ount biota are highly patchy on a global scale, 

and the b io log ica l com m un ities  of trop ica l seam ounts 

rem ain poorly docum ented for large parts of the oceans. 

Most b io logical surveys on seam ounts have been relatively 

sha llow  and thus the great m ajority  of deeper seam ounts 

rem ain largely unexplored. Very few individual seam ounts 

have been com prehensively surveyed to determ ine the 

variab ility  of faunal assemblages w ith in  a single seam ount. 

In add ition  to the previous sp a tia l gaps in sam p ling  

coverage, there are a num ber of technical issues that make 

d irec t com parisons  of seam oun t data som e tim es  

problem atic. These issues relate to the availab ility of non­

aggregated data, d ifferences in collection m ethods and 

taxonom ic resolution.

In order to expand the type of analyses conducted for this 

report to o ther faunal groups com m on on seam ounts, and to 

w ork at the level of individual species, certa in steps should 

be taken. These include the adoption of a m in im um  set of 

standardized seam ount sam pling protocols; more funding 

fo r existing  taxonom ic experts  and tra in in g  of new

taxonom ists; increased accessibility of fu ll (non-aggregated) 

datasets from  seam ount expeditions through searchable 

databases; and the fu rth e r developm ent of in tegrated, 

In ternet-based in form ation system s such as Seamounts 

Online and the Ocean Biogeographic Inform ation System.

It should be noted that the activities under the two 

headings above are c lose ly  in te rre la te d  and linked. 

Increased research and co llaboration between scientists 

and fishing com panies w ill not only improve the am ount and 

quality of data, it w ill also expand the sc ien tific  foundation for 

reviewing existing m easures (e.g. those which were taken on 

a precautionary basis in the ligh t of in fo rm ation  gaps], and 

for developing new, focussed m anagem ent s trateg ies to 

m itigate against negative hum an im pacts on seam ounts and 

the ir associated ecosystems and biodiversity. Requirem ents 

in th is context include:

1. ob ta in ing  b e tte r seam oun t loca tion  in fo rm a tio n ; 

addressing geograph ic  data gaps (inc lud ing  the 

sam pling of o ther deep-sea habitats);

2. assessing the spatia l scale of variab ility  on and between 

seam ounts; increasing the am ount and scope of genetic 

studies;

3. undertaking better studies to assess traw ling  im pacts; 

assessing recovery from  traw ling  im pacts; undertaking 

a range of stud ies to improve functiona l understanding 

of seam ount ecosystems; and

4. im p lem enting  the m eans to obtain be tte r fisheries 

in form ation.

W ithout a concerted e ffo rt by a num ber of organizations, 

ins titu tions, consortia  and ind iv iduals to attend to the 

previously identified gaps in data and understanding, the 

ability  of any body to effectively and responsibly manage and 

m itigate the im pact of fishing on seam ount ecosystem s w ill 

be severely constrained. Considering what th is report has 

revealed about the vu ln e ra b ility  o f seam oun t biota -  

pa rticu la rly  deep-sea cora ls -  to fishing, now is the tim e for 

th is co llaborative e ffo rt to begin in earnest.
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Introduction

1. Introduction

Seam ounts are p rom inen t and ubiquitous features 

found on the sea floor of a ll ocean basins, both w ith in 

and outside m arine areas under national ju risd ic tion. 

With food availab ility on and above seam ounts often h igher 

than tha t of the surround ing w aters and ocean floors, 

seam ounts may function as b io logica l hotspots, which 

a ttrac t a rich fauna. Pelagic predators such as sharks, tuna, 

b illfish , tu rtle s , seab irds  and m arine  m am m a ls  can 

aggregate in the vicin ity of seam ounts (Worm et al., 2003). 

Deep-sea fish species such as orange roughy (Pankhurst, 

1988; C lark, 1999; Lack et al., 2003] and eels (Tsukamoto, 

2006] fo rm  spawning aggregations around seam ounts.

The bottom  fauna on seam ounts can also be highly 

diverse and abundant, and they som etim es contain many 

species new to science (Parin et al., 1997; Richer de Forges 

et al., 2000; Koslow et al., 2001). Suspension-feed ing 

organism s, such as deep-sea corals, are frequently pro lific  

on seam ounts, m ain ly  because the topograph ic  re lie f 

creates fast-flow ing  curren ts  and rocky substrata, providing 

suspension feeders w ith a good food supply and a ttachm ent 

sites (Rogers, 1994). Corals are recognized as an im portan t 

functiona l group of seam ount ecosystems, as they can 

fo rm  extensive, com plex and frag ile  th ree -d im ens iona l 

structu res. These may take the fo rm  of deep-w ater reefs 

bu ilt by stony cora ls (scleractin ians] (Rogers, 1999; Freiwald 

et al., 2004; Roberts et al., 2006], or cora l gardens or beds 

form ed by black cora ls and octocora ls (e.g. Stone, 2006). A ll

can provide im p o rta n t hab ita t fo r a g rea t varie ty  of 

associated invertebrates and fish, which use the cora l as 

food, a ttachm ent sites and /o r fo r protection and shelter. 

Deep-w ater cora ls can support a rich fauna of closely 

associated an im als w ith, for example, grea te r than 1 300 

species reported living on Lophelia pertusa  reefs in the 

northeastern  A tlan tic  alone (Roberts et al., 2006). Many fish 

species, including several of com m erc ia l significance, show 

spatia l associations w ith  deep-w ater cora ls (e.g. Stone, 

2006], and fish catches have been found to be h igher in, and 

around, deep-w ater cora l reefs (Husebo et al., 2002).

The frag ility  of co ld -w ater corals makes them  highly 

vulnerable to fishing im pacts, pa rticu la rly  from  bottom  

traw ling (Koslow et al., 2001 ; Fossa et al., 2002; Hall-Spencer 

et al., 2002], but also from  g ili nets and long-lin ing gear 

(Freiwald et al., 2004; ICES, 2005, 2006). Ground-fishing gear 

can com pletely devastate cora l colonies (Fossa et al., 2002], 

and such direct human im pacts can be extensive. For 

example, cora l bycatch in the firs t year of the orange roughy 

fishery on the South Tasman Rise was estim ated at 1 750 

tonnes, but th is fe ll rapidly to 100 tonnes by the third year of 

the fishery as attached organism s on the seabed were 

progressively removed by repeated traw ling (Anderson and 

Clark, 2003). Because corals provide c ritica l habitat for many 

other seam ount species, destruction of corals has 'knock- 

on' effects, resulting in m arkedly lower species diversity and 

biomass of bottom -liv ing fauna (Clark et al., 1999; Koslow et
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Benthoctopus sp. and crinoid, Davidson Seamount,
2 422 rn. (NOAA/MBARI]

at., 2001; S m ith , 2001; C la rk and O'DriscoLL, 2003). 

Im portantly, recovery of co td -w ater corat ecosystem s from  

fishing im pacts is tikety to be extrem ely stow o r even 

im possible, because corats are tong lived and grow extrem ely 

stowty (in the order of a few m illim e tres  per year). Individual 

octocorals can reach ages of several hundred (Andrews et at., 

2002; Risk et at., 2002; Sherwood et at., 2006] o r even more 

than a thousand years old (Druffet et at., 1995], and larger 

reef complexes, form ed by stony corats, may be more 8 000 

years old (Freiwatd et at., 2004; Roberts et at., 2006). Corats 

also have specific habitat regu irem ents and may be sensitive 

to a lte ra tion  of the characte r of the seabed by fishing gear, 

o r to increased sed im enta tion  resu lting  from  traw ling  

(Com m onwealth of Austra lia , 2002; ICES, 2006). Such effects 

may prevent recovery of co td -w ater corat reefs o r octocorat 

gardens perm anently  (Rogers, 1999; ICES, 2006).

There has been a dram atic  expansion of fishing over the 

tast 50 years (Royal C om m ission  on E nv ironm en ta l 

Pollution, 2004] and the exploitation of deep-sea species of 

fish in the tast 25 years (Lack et at., 2003). The expansion of 

deep-sea fisheries has been driven by the depletion of 

shadow  fish e rie s  based on the con tinen ta l she lf, the 

establishm ent of the 200 nautical m ite econom ic exclusion 

zones by states under the UN Convention on Law of the Sea 

(UNCLOS], overcapacity of fish ing fleets, techno log ica l 

advances in fishing -  including developm ents in navigation, 

acoustics and capture gear and in the power of vessels -  and 

the availab ility of subsidies fo r build ing new fishing vessels 

eguipped for deep-sea fishing (Lack et at., 2003; Royal 

C om m iss ion  on E nv ironm en ta l P o llu tion , 2004). It is 

estim ated tha t 40 per cent of the w o r ld ’s traw ling  grounds 

are now located in waters deeper than the continenta l she lf 

(Roberts, 2002). The catch of com m erc ia l fish species 

beyond areas of national ju risd ic tion  by bottom  traw ling  has 

been estim ated at about 200 000 tonnes annually (Gianni,

Brisingid sea star, Hatton Bank.
(DTI SEA P rogram m e, c/o  Bhavanl Narayanaswam y]

2004). Most of th is is taken from  she lf and slope areas of the 

N orthw est A tlantic, but outside th is  region fishing e ffort 

tends to focus on deep-w ater species from  seam ounts. Over 

77 fish species have been com m ercia lly  harvested from  

seam ounts (Rogers, 1994], includ ing m ajor fisheries for 

orange roughy (Hoplostethus a tlanticus!, pelagic a rm o u r­

head (P seudopentaceros  spp.) and a lfons ino  (Beryx  

splendens!. Most of these fisheries have not been managed 

in a susta inable m anner, w ith  many examples of ’boom and 

bust’ fisheries, which rapid ly developed and then declined 

sharp ly w ith in  a decade (Kostow et at., 2000; C lark, 2001; 

Lack et at, 2003). In m ost cases there is insuffic ient in fo r­

m ation on the target fish species, let atone the seam ount 

ecosystem, to provide an adeguate basis for good m anage­

m ent (Lack et at., 2003). Furtherm ore , the tife -h is to ry  

characte ris tics of many exploited deep-sea fish are untike 

those of sha ttow -w ater species, rendering som e fisheries 

m anagem ent practices inappropriate (Lack et at., 2003).

In the tight of the evidence found in num erous In s itu  

observations, the sc ien tific  com m unity  raised concern about 

the damage that traw ling  can have on the bottom -dw etting 

(benthic] com m unities in deep-w aters and on seam ounts 

(MCBI, 2003 et seq.]. Taking into account tha t m ost of the 

potentia l areas affected by the expanding deep-sea fishing 

activities are in areas beyond na tiona tju risd ic tion , the United 

Nations General Assem bly (UNGA) addressed the issue in its 

58th (2004), 59th (2005) and 60th sessions (2006), both in its 

d iscussions on 'Oceans and the Law of the Sea’ and 

'Sustainable F isheries’. Seam ounts and co td -w ater cora ts/ 

reefs were sp e c ifica lly  m entioned  in the fo llow ing  

resolutions:

UN resolutions on oceans and the law of the sea (UN 

General Assembly, 2003, 2004a, 2005a, 2006)
R ea ffirm s the need fo r S tates and com pe ten t

in te rna tiona l organizations to urgently consider ways
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to integrate and improve, based on the best available 

sc ien tific  in fo rm ation  and in accordance w ith  the 

Convention [UN Convention on Oceans and the Law of 

the Sea, 1982] and re lated  ag reem en ts  and 

instrum ents, the m anagem ent of risks to the m arine 

b iod ive rs ity  of seam oun ts , co ld -w a te r cora ls , 

hydro therm a l vents and certain o ther underw ater 

features; (Resolution 60/30, Paragraph 73, fo llow ing 

s im ila r text in the previous resolutions 59/24, 58-240 

and 57-141]

Calls upon States and in te rna tiona l organizations to 

urgently take action to address, in accordance w ith 

in te rna tiona l law, destructive  practices tha t have 

adverse im pacts  on m arine  b iod ive rs ity  and 

ecosystem s, inc lud ing  seam oun ts , h yd ro th e rm a l 

vents and co ld -w a te r cora ls ; (R esolutions 60/30, 

Paragraph 77 and 59/24]

UN resolutions on sustainable fisheries (UN General 
Assembly, 2004b, 2005b)

Reguests the Secretary-General, in close cooperation 

w ith the Food and A gricu ltu re  Organization of the 

United Nations (FAO), and in consultation w ith  States, 

reg iona l and sub re g io n a l fish e rie s  m anagem ent 

organizations and a rrangem ents and o ther relevant 

organizations, in his next report concerning fisheries 

to include a section outlin ing cu rren t risks to the 

m arine biodiversity of vulnerable m arine ecosystems 

including, but not lim ited to, seam ounts, cora l reefs, 

including co ld -w ate r reefs and certa in o ther sensitive 

underw ater features related to fishing activities, as 

w e ll as detailing any conservation and m anagem ent 

m easures in place at the global, regional, subregional 

o r national levels addressing these issues; (Resolution 

58/14, Paragraph 46],

Calls upon States, e ithe r by them selves or through 

reg iona l fish e rie s  m anagem ent o rgan iza tions or 

arrangem ents, where these are com petent to do so, to 

take action urgently, and consider on a case-by-case 

basis and on a sc ie n tif ic  basis, in c lud ing  the 

application of the precautionary approach, the in te rim  

prohib ition of destructive fishing practices, including 

bo ttom  traw lin g  tha t has adverse im pacts  on 

vulnerable m arine ecosystems, including seam ounts, 

hydro therm a l vents and co ld -w ate r cora ls located 

beyond na tiona l ju r is d ic tio n , u n til such tim e  as 

appropria te conservation and m anagem ent m easures 

have been adopted in accordance w ith  in te rna tiona l 

law; (Resolution 59/25, Paragraph 66]

In 2003, the UNGA reguested the Secretary General to 

prepare a report on vulnerable m arine ecosystems and 

b iod ive rs ity  in areas beyond na tiona l ju r is d ic t io n  (cf.

paragraph  52 of R eso lu tion  58/240], Follow ing the 

exam ination of th is  report in 2004, the UNGA decided to 

establish an Ad Floe Open-ended In form al W orking Group to 

study Issues relating to the conservation and sustainable 

use of m arine bio logical diversity beyond areas of national 

ju risd ic tion  (cf. Paragraph 73 In Resolution 59/24], The 

outcom e of the ir firs t meeting (New York, 13-17 February 

2006] w ill be presented to the 61st session of the UNGA.

Furtherm ore, the UNGA reguested In 2005 the Secretary 

General, In cooperation w ith the FAO, to Include In his next 

report concerning fisheries a section on the actions taken by 

States and regional fisheries m anagem ent organizations 

and a rrangem ents to give effect to Paragraphs 66 to 69 of 

Resolution 59/25, In order to facilita te discussion of the 

m atte rs  covered In those paragraphs. The UNGA also 

agreed to review, w ith in  two years, progress on action taken 

In response to the reguests made In these paragraphs, w ith 

a view to fu rth e r recom m endations, where necessary, In 

areas where a rrangem ents are Inadeguate.

From the above, It Is apparen t th a t the UNGA 

discussions on:

(I), conserva tion  and susta inab le  m anagem en t of 

vu lne rab le  m arine  b iod ive rs ity  and ecosystem s 

(Including seam ount com m unities ] In areas beyond 

national ju risd ic tion , and 

(¡I), the role of regional fisheries m anagem ent organizations 

or a rrangem ents In regulating bottom  fisheries and the 

Im pacts of fishing on vulnerable m arine ecosystems 

are set to continue.

It Is hoped that the sc ien tific  find ings presented In th is  report 

by m em bers of the Census of Marine Life program m e 

CenSeam w ill help and guide policy and decision m akers to 

make progress on these Issues.

STUDY OBJECTIVES
The study presented here aimed to:

1. compile and /o r sum m arize  data for the d is tribu tion  of 

large seam ounts, deep-sea cora ls on seam ounts and 

deep-w ater seam ount fisheries;

2. p red ic t the g loba l occu rrence  of env iro n m e n ta l 

conditions suitable for stony cora ls from  existing records 

on seam ounts and Identify the seam ounts on which they 

are m ost likely to occur globally;

3. compare the predicted d is tribu tion  of stony corals on 

seam oun ts  w ith  tha t of d e e p -w a te r fish ing  on 

seam ounts w orldw ide;

4. qualitatively assess the vu lnerab ility  of com m unities 

living on seam ounts to putative Im pacts by deep-w ater 

fishing activities; and

5. h igh ligh t c ritica l Inform ation gaps In the developm ent of 

risk assessm ents to seam ount biota globally.
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2. Seamount characteristics 
and distribution

SMALL AND LARGE SEAMOUNTS

Seam ounts are subm arine elevations w ith  a lim ited 

extent across the su m m it and have a variety of 

shapes, but are genera lly conical w ith  a c ircu lar, 

e llip tica l o r more elongate base (Rogers, 1994). The slopes 

of seam ounts can be extrem ely steep, w ith  som e showing 

grad ients of up to 60° (e.g. Sagalevitch et al., 1992], although, 

in general, slopes are less steep (generally less than 20° in 

the New Zealand region; Rowden et al., 2005). Younger 

seam ounts tend to be more conical and regu la r in shape, 

w hereas o ld e r seam oun ts  th a t have been sub jec t to 

scou ring  and eros ion  by cu rre n ts  are less regular. 

Geophysical defin itions distinguish between (i) h ills , w ith 

su m m its  low er than 500 m; lii] kno lls , w ith  su m m its  

between 500 m and 1 000 m; and (iii] seam ounts, w ith 

su m m its  over 1 000 m. However, the size com ponent of 

seam ount defin itions has become more flexible w ith  the 

growing appreciation of the abundance of elevated sea floor 

features of s im ila r m orphology but w ith  sm a lle r vertica l 

extent (greater than 50 m; Sm ith and Cann, 1990); the 

observation that such features may represent s im ila r habitat 

and faunistic characte ris tics as the ir la rger counterparts  

(e.g. Epp and Smoot, 1989; Rogers, 1994; Rowden et al.,

2005); and because s m a ll fea tures are ta rge ted  by 

com m ercia l fisheries (g rea te rthan  100 m, Brodie and Clark,

2004). D iffe rences in the m e thodo log ies  ava ilab le  to 

determ ine the num ber and d is tribu tion  of seam ounts have 

led to a distinction between sm a ll’ and Targe’ seam ounts. 

Generally, large seam ounts are those w ith a vertica l height 

of greater than 1 000 m (e.g. Wessel, 2001 ] o r 1 500 m (ICES,

2006). For g lobal and regional stud ies of seam ounts and 

aspects of the present report, m ethodologica l and practica l 

constra in ts  mean tha t exam inations have been restricted to 

large seam ounts only (e.g. ICES, 2006).

HOW MANY LARGE SEAMOUNTS ARE THERE?
The deep oceans are the largest ecosystem on Earth. This 

vast area of seabed has been only partia lly  mapped; therefore 

it is not possible to give a figure for the num ber of (both sm a ll 

and large] seam ounts globally. A ttem pts at estim ating the 

num bers  of seam oun ts  g loba lly  have been made by 

extrapolation of the known num bers of seam ounts in a 

geographic region (e.g. Sm ith and Jordan, 1988 for the Pacific 

Ocean). Recently, sa te llite  senso rs  have been used 

to estim ate the position and size of large seam ounts.

Seam ounts are masses of rock and give rise to anomalies 

in the usual s tra igh t-dow n force of gravity. These m inute 

variations in the Earth ’s gravita tional pu ll cause seawater to 

be attracted to seamounts. This means that the sea surface 

is pitched up over a seam ount w ith a shape that reflects 

the underlying topographic feature (Wessel, 1997 and 2001). 

Satellite sensors can detect the anom alies in the Earth ’s 

gravita tional field (e.g. Seasat gravity sensor] o r the sm a ll 

differences in sea-surface height (e.g. Geosat/ERS1 a lt i­

m eter] (Stone et al., 2004). Efforts to estim ate the num ber 

of seam oun ts  w orldw ide  using sa te llite  a lt im e try  and 

gravita tional gradient data have indicated that there are 

between 5 000 and 16 000 features w ith an elevation greater 

than 1 000 m (reviewed in Stone et al., 2004). However, the 

available sa te llite  datasets are lim ited in te rm s of resolution 

because of defence policy, and there are lim ita tions in the 

m ethods employed by researchers. This has led to analyses 

that suggest (after extrapolation] that g lobally there may be 

as many as 100 000 seam ounts w ith an elevation of more 

than 1 000 m (Wessel, 2001). The m ost recent (non-extra- 

polative] estim ate of the global num ber of large seam ounts is 

14 287 (K itchingman and Lai, 2004). This num ber originated 

from  the Sea Around Us Project (SAUP), which used depth 

difference a lgo rithm s applied to a d ig ita l g lobal elevation

Fig. 2.1 Distribution of predicted large seamounts  

by latitude.
Source: Kitchingman and Lai 12004]
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Fig. 2.2 Global distribution and sum m it depths of 
predicted large seamounts.
Source: Kitchingman and Lai 12004]
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map and a more generalized definition to detect seam ounts 

that fit into ecological and m anagem ent contexts.

K itch ingm an and Lai (2004) used the N ationa l Oceanic 

and A tm ospheric  A d m in is tra tio n ’s (NOAA) ET0P02 dataset 

as the source fo r att analyses to estim ate  the g lobal 

n um ber and location of targe seam ounts. The dataset was 

supp lied at a 2 -m inu te  ceti reso lu tion  (13.7 k rrr  at the 

eguator], w h ich allowed fo r a genera lized g loba l analysis, 

but certa in ty  m issed m any seam ounts. Thus the estim ated 

n um ber is an underestim ate  of the g loba l num ber of targe 

seam ounts. Two m ethods were used to identify possible 

seam ounts. The firs t m ethod involves iso la ting peaks that 

have s ign ifican t rise from  the ocean floor. The second 

m ethod iso la tes peaks w ith  a c ircu la r o r e ttip tica t base 

in an e ffo rt to e lim ina te  peaks found along ridges. The 

two m ethods produced d iffe ren t num bers  of predicted 

seam ounts (30 314 and 15 962, respectively). The over­

lapping seam ounts (14 287) found by using both these 

m ethodo log ies were used as the SAUP seam oun t dataset. 

C haracte ris tics  of the second m ethod could mean that 

som e ’rea l’ seam oun ts  tha t occur on ridges could be 

e lim ina ted  from  the dataset, as wett as possibly inc lud ing 

som e fea tures such as se m i-c irc u ta r banks.

The SAUP data not only provide in form ation on the 

location and elevation of predicted seam ounts but also, 

usefully, on the depth of the seam ount sum m it.

WHERE ARE THE LARGE SEAMOUNTS LOCATED?
The d is tr ib u tio n  by la titude  of the targe seam oun ts  

estim ated from  an analysis of g lobal d ig ita l elevation data 

generated by SAUP (Kitch ingm an and Lai, 2004) is shown in 

Figure 2.1. The location of som e seam ounts w itt be in e rro r 

because the com bining of the resu lts  from  the two m ethods 

used by K itch inm an and Lai (2004) w itt reduce the location of 

seam ounts w ith a double peak to a single location at a m id ­

point between the two, m ainta in ing the sha llow er depth 

value of the pair. The e rro r in reat-w ortd location is enhanced 

by a m isreg is tra tion  of the underlying ET0P02 bathym etry 

dataset. However, ground tru th ing  perform ed on a dataset of 

known seam ounts produced from  a com bination of data 

from  the US Departm ent of Defense Gazetteer of Undersea 

Features (1989) and Seam ountsOnUne revealed tha t 

approxim ately 60 per cent of the known seam ounts were 

w ith in  30 arc m inutes of predicted seam ounts.

N um bers of identified seam ounts peak between 30°S 

and 30°N, w ith  a rapid decline above 50°N and below 60°S. 

Available surface (ocean) area by la titude probably drives 

th is pattern. Figure 2.2 shows the g lobal d is tribu tion  and 

s u m m it dep ths of the targe seam oun ts  iden tified  by

Sum m it depth (m)
4 000-4 500

4 500-5 000

5 000-5 500

5 500-6 000

6 000-6 500

6 500-7 000

7 000-7 500
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Kitch ingm an and Lai (2004-1, many of which are located along 

plate boundaries. Table 2.1 shows the d is tribu tion  of large 

seam ounts in the United N ation ’s Food and Agricu ltu re  

Organization (FAO) m ajor fishing areas, and identifies the 

num ber of large seam ounts that fa ll outside the EEZs of 

countries, i.e. are in areas beyond national ju risd ic tion  

(K itch ingham  et al., in press). A lthough FAO areas do not 

exactly fit oceanic boundaries, the ir use a llow s broad and 

more specific com parison w ith  o ther stud ies and allows an 

appreciation of seam ounts in a g lobal and regional fishery 

m anagem ent context. The m ajority  of large seam ounts 

occur in the Pacific Ocean area (63 per cent), w ith  19 per 

cent and 12 per cent of seam ounts occurring in the A tlan tic 

and Indian Ocean areas, respectively. A s m a ll overa ll 

p ropo rtion  of seam oun ts  are d is tribu ted  between the 

Southern Ocean (6 per cent), M editerranean/B lack Seas and 

A rc tic  Ocean (both less than 1 per cent) areas. The 

occurrence of large seam ounts inside and outside EEZs 

shows that ju s t over half (52 per cent) of the w o rld ’s large

Table 2.1 : N um ber of predicted large  seam ounts in m ajo r FAO fishing areas and in areas beyond national 
jurisdiction
Ocean A reas FAO area N um ber of predicted N um ber of predicted large

large seam ounts seam ounts in areas beyond
_________________________________ national jurisdiction

Pacific A ll 8 955 3 540
Eastern  C en tra l 77 2 735 967

N ortheas t 67 265 176

N o rth w e s t 61 1 350 630

S outheast 87 939 700

S ou thw est 81 996 643

W estern  C en tra l 71 2 670 424

A tlan tic A ll 2 704 1 959
Eastern  C en tra l 34 536 433

N ortheas t 27 325 211

N o rthw est 21 83 77

S outheast 47 639 512

S ou thw est 41 452 301

W estern  C en tra l 31 669 425

Indian A ll 1 658 1 082
Eastern 57 588 426

W estern 51 1 070 656

M editerranean  and Black Seas 37 59 59
Southern Ocean A ll 898 713

A tla n tic , A n ta rc tic 48 498 371

Indian Ocean, A n ta rc tic 58 212 154

Pacific, A n ta rc tic 88 188 188

A rc tic 18 13 13

Totals - 14 287 7 366
Source: Kitchingham et al. [in press]

Fig. 2.3 Summ it depths of predicted large seamounts and 

current depth range of bottom traw ling on seamounts.
Source: Kitchingman and Lai 12004]
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seam ounts are located in m arine areas beyond national 

ju risd ic tion . Figure 2.3 shows that there are many large 

seam ounts w ith sum m its  at less than 500 m depth, and 

another peak between 1 500 m and 3 000 m. Thus, m ost 

large seam ounts have su m m its  sha llow er than 3 000 m 

w ater depth. The cu rren t depth range of bottom  traw ling 

for com m erc ia lly  valuable fish (250-1 500 m] encompasses 

about 18 per cent of the su m m its  of large seam ounts.

THE ORIGIN AND PHYSICAL ENVIRONMENT OF 

SEAMOUNTS
Seam ounts are genera lly  volcanic in orig in  and may be 

associated w ith  the con tinen ta l m argin o r located on the 

abyssal plains, e ithe r as isolated features, c lus te rs  or 

chains. Most com m only, however, seam ounts occur along 

the m id-ocean ridges. These are areas where new oceanic 

c rus t is fo rm ed by lava w e lling  up from  m agm a cham bers 

below  the sea floo r, genera ting  eno rm ous ranges of 

seam ounts. As the oceanic c rus t is form ed and moves away 

from  the m id-ocean ridge, the associated seam ounts move 

w ith  it, becom ing o lde r and subsid ing, causing decreased 

elevation. Seam ounts are also associated w ith  areas where 

oceanic plates m eet and one plate is subducted under the 

other. The en o rm o u s  p ressu res associa ted  w ith  th is  

process m e lt the subducted plate, resu lting  in an arc of 

volcanic activity giving rise to is lands and seam ounts lying 

ad jacent to an oceanic trench. Exam ples include the 

Scotia Arc in the Southern Ocean and the islands of 

Tonga and associated seam ounts in the southw estern  

Pacific. Seam ounts are also generated by ocean hotspots, 

areas where p lum es of m agm a w e ll up from  the E arth ’s 

m antle  and fo rm  volcanoes on the sea floor. In geological 

tim e scales, as oceanic plate passes over the hotspot, a 

chain of seam ounts and is lands is form ed. Examples 

include the Hawaiian Islands and E m peror Seam ount 

Chain in the N orth Pacific, and the Louisville Seam ount 

Chain in the sou thw estern  Pacific. Seam ounts on o r close 

to the con tinen ta l m argin can have d iffe ren t orig ins, arising 

from  rifting  m argin volcanoes o r rifted  con tinen ta l blocks. 

As a resu lt of the volcanic orig in  of seam ounts they may 

be associa ted w ith  high te m p e ra tu re  (e.g. M arianas 

Seam ounts o r B ro thers Seam ount, Kerm adec Ridge] or 

low tem pera tu re  (e.g. Loihi Seam ount, Hawaiian Ridge] 

hyd ro the rm a l venting, though the m a jo rity  of seam ounts 

are no longer geologically active and are not venting. The 

bases of seam ounts associated w ith  con tinen ta l m arg ins 

tend to be sha llow er and have an overa ll elevation low er 

than those located away from  con tinen ts (e.g. Rowden et al.,

2005). In som e cases, fo r example the Rosemary Bank in 

the northeaste rn  A tlan tic , such features may be term ed 

banks, as de fin itions of the two types of features can overlap 

(ICES, 2006).

WHAT ENVIRONMENTAL CONDITIONS INFLUENCE LIFE 

ON SEAMOUNTS?
The geograph ica l location, depth and elevation of the 

seam ount determ ine the in teractions of the seam ount w ith 

the w a te r m asses and curren ts  that im pinge on it. W ater 

masses have d iffe rent environm enta l characte ris tics such 

as flow  velocity, tem perature, salin ity, nu trien t availability 

and pH. The environm enta l characte ris tics of the w aters that 

overly seam ounts can influence the spatia l and tem pora l 

patterns of supply of organic m ate ria l to a seam ount benthic 

(seabed] com m unity  in te rm s of phytoplankton, Zooplankton 

and organic de tritus  (dead organism s, faecal pellets, and 

so on). Pelagic com m unities and supply of larvae w ill also 

largely reflect the dom inant oceanographic in fluences on a 

seamount.

W ithin the im m ediate vicin ity of a seam ount, complex 

cu rren t-topography in teractions can take place at a ll scales. 

At the largest scale, seam ount chains can divert m ajor 

curren ts  (e.g. the Em peror Seam ount chain deflects the 

Kuroshio and subarctic  currents; Roden et al., 1982; Roden 

and Taft, 1985; Vastano et al., 1985). At sm a lle r scales, the 

in teractions of seam ounts w ith the surround ing curren ts  are 

complex and d ifficu lt to m easure, a lthough in some cases 

such responses can be m odelled. For example, m odels 

predict the fo rm ation of a rotating body of w ate r retained 

over the su m m it of a seam ount (known as a ’Taylor’ column). 

Observations have dem onstrated the existence of such 

co lum ns above many seam ounts (Meincke, 1971; Vastano 

and Warren, 1976; Cheney et al., 1980; Genin et al., 1989; 

Roden, 1991 ; Dower et al., 1992], a lthough the stra tifica tion  

of w a te r layers above a seam ount often reduces the co lum n 

to a cap. Seam ounts may also in te ract w ith  tides, am plifying 

them  and accelerating curren ts  to grea te r than 40 cm  s ’1 

(Chapman, 1989; Genin et al., 1989; Noble and Mullineaux, 

1989). The seam oun ts  them se lves may also generate 

in te rna l tides (Noble et al., 1988] and generate or in teract

Side scan sonar image of Anton Dohrn Seamount, 
Northeast Atlantic. i|d t  SEA Program m e, c/o Colin Jacobs]
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with in te rna l waves (e.g. Bell, 1975; W unsch and Webb, 

1979; Eriksen, 1982a, 1982b, 1985, 1991; Kaneko e ta l., 1986; 

Brink, 1989; Genin et al., 1989). Such phenom ena can lead to 

the generation of periodic, sm all-sca le , fast, sho rt-du ra tion  

bottom  currents.

The depth of the seam ount su m m it below the ocean 

surface is one of the m ost im portan t physical factors in 

d e te rm in in g  the abundance and d ive rs ity  of ben th ic  

com m unities on seam ounts and has been used to classify 

them  (e.g. ICES, 2006). Seam ounts w ith a depth of less than 

250 m reach into the euphotic zone, where enough ligh t 

pene tra tes  to a llow  pho tosyn thesis , and there fo re  

com m unities that include algae can develop. Seam ounts 

w ith  a su m m it depth down to 1 000 m are likely to in teract 

w ith  layers of Zooplankton that undergo a daily vertica l 

m igra tion in the w ater co lum n (Wilson and Boehleri, 2004). 

These m igra ting  plankton fo rm  a relatively thin layer of 

organism s detectable by echo sounders (deep scattering 

layer, o r DSL). Several observations indicate tha t the 

topography of seam ounts can trap descending layers of 

Zooplankton, which provide a source of food fo r seam ount- 

associated species (Rogers, 1994; Seki and Som erton, 1994; 

Elaury et al., 2000). W hether or not th is  takes place depends 

on the depth of the seam ount su m m it in relation to the 

vertica l depth range over which the plankton m igrate. It 

also depends on the in tensity of horizonta l curren ts  that 

advect the DSL over the seam ount at night. Studies of the 

fish populations of the Great M eteor Seam ount have shown 

that they prey on the DSL and are concentrated around 

the m arg ins  of the s u m m it to m axim ize chances of 

encoun te ring  Zooplankton (Fock et al., 2002). Such 

m echanism s may also be im portan t in the nu trition  of 

abundant benthic com m unities on seam ounts. For example, 

over the Nasca and Sala Y Gómez Seam ounts in the 

southeastern Pacific, the lower depth of d is tribu tion  of the 

lobster Projasus bahamondei, a dom inant m egabenthic 

predator, coincided w ith the deepest depth of m igra tion  

of the DSL (Parin et al., 1997). Other m echanism s of 

concentration of food may also operate around seam ounts 

associated w ith eddies o r up- o r dow n-w e lling  curren ts  and 

the relative m ovem ent behaviour of Zooplankton (Genin, 

2004). It is im portan t to note that curren tly  there is little  

understanding of the ecological links between the pelagic 

ecosystem, especially of la rger predators such as fish, and 

com m unities of benthic o rgan ism s living on seam ounts. 

Thus it is unknown how the rem oval of large guantities of 

fish biomass, by fisheries, from  the vicin ity of seam ounts 

would affect the benthic com m unity  (Com m onwealth of 

A ustra lia , 2002; Lack et al., 2003).

The d is tribu tion  of sed im ents and benthic com m unities 

on seam ounts is a function of the cu rren t velocity near the 

seabed. Such cu rre n ts  may d isp lace m a te ria l o ff the

seam oun t and resuspend o rgan ic  m a te ria l. Many 

seam ounts also have d is tinc t 'm oats ’ around the base where 

curren ts  scour out sed im ents lying around the seam ount 

(e.g. Anton Dohrn Seamount, northeastern  Atlantic). Some 

seam ounts, known as guyots, are fla t-topped and often 

covered in sed im ent as a resu lt of wave-erosion when they 

were exposed as islands. Elowever, seam ounts are notable 

for the occurrence of hard substra ta  and complex sm a ll-  

scale topography, which show  a m arked contrast to the 

surrounding deep seabed -  which tends to com prise fine 

sed im ents (hard substra ta  can occur elsewhere on banks 

and the slopes of continenta l shelves). The occurrence of 

terraces, canyons, pinnacles, crevices, craters, rocks and 

cobbles can exert a strong influence on the d is tribu tion  of 

an im als and plants on seam ounts (reviewed in Rogers, 

1994). Topographic re lie f contro ls local cu rren t flow  regimes, 

and filte r-feed ing  organ ism s such as cora ls are freguently 

concentrated in areas of s trongest curren ts  near ridges and 

pinnacles (Genin et al., 1986).

The fo llow ing chapte r w ill examine in g reater detail the 

bio logical com m unities that seam ounts can support, and 

ask how w e ll the ir d iversity can be assessed on a global 

scale.
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3. Deep-sea corals and 
seamount biodiversity

THE DIVERSITY OF LIFE ON SEAMOUNTS

T he occurrence of hard substra ta  on seam ounts means 

that, seam ount com m unities can be dom inated by 

sessile organism s that are perm anently attached to 

the seabed -  not possible on the soft sed im ents of m ost of 

the surround ing deep-sea floor. On seam ounts w ith very 

sha llow  su m m its  tha t penetrate the euphotic zone, such as 

the Vema Seam ount in the southeastern A tlantic  Ocean or 

the Gorringe Bank in the northeastern  A tlan tic  Ocean, plant 

life can occur w ith kelp and encrusting calcareous algae 

dom inating hard substra tes (Simpson and Heydorn, 1965;

Oceana 2006). The deepest records of liv ing  m arine  

p lants are of encrusting  cora lline  algae from  seam ounts in 

the Caribbean living at 268 m depth (L ittle r et al., 1985). In 

the tropics, ree f-fo rm ing  cora ls such as Acropora  spp.,

Pocillopora  spp., Pontes  spp. and M ontastrea  spp. can 

occur on sha llow  seam ounts which are often drowned atolls, 

such as the Raita Bank on the Hawaiian Ridge. Other an im al 

groups that occur com m only on hard substra ta  on sha llow  

seam oun ts  include  sponges, hydroids, azooxanthe lla te  

corals, m olluscs, ech inoderm s and ascidians (sea sgu irts ]

(Simpson and Heydorn, 1965; Oceana, 2006).

On seam ounts w ith deeper sum m its , the dom inant 

megafauna (i.e., genera lly those an im a ls that can be easily 

seen in photographs o r video] are the attached, sessile 

organ ism s tha t feed on partic les of food suspended in the 

water. The predom inant suspension feeders are from  the 

phylum  Cnidaria and include sea anemones, sea pens, 

hydroids, stony corals, gorgonian cora ls and black corals 

(reviewed in Rogers, 1994; see also Koslow and Gowlett- 

Holmes, 1998; Koslow et al., 2001; Rowden et al., 2002).

O ther com m on suspension feeders include barnacles, 

bryozoans, polychaete w orm s, m olluscs, sponges, ascid­

ians, basket stars, b rittle  s ta rs and crinoids. There is also an 

associated m obile benthic fauna that includes echinoderm s 

(starfish, sea urch ins and sea cucum bers] and crustaceans 

such as crabs and lobsters, some of which have com m ercia l 

value (reviewed in Rogers, 1994).

Deep-sea o r co ld -w ate r cora ls (Box 1] are a group of 

organ ism s that have drawn a great deal of public attention 

recently. W hilst the ir existence has been known since the 

18th century, it was only w ith  the advent of m odern 

technologies -  which allowed fisheries, o il exploration and 

sc ien tific  observations to penetrate into deeper areas -  that 

the scale and abundance of co ld -w ate r cora l ecosystems

Box 1 : W hat is a coral?
C orals are found w ith in  the phy lum  C nidaria  

(coming from  the Greek w ord cnidos, w h ich  means 

sting ing nettle). Four m ain classes of Cnidaria are 

known: the Anthozoa (which contains the true  

corals, anem ones and sea pens]; Hydrozoa (the 

m ost d iverse class, com pris ing  hydroids, s iphono- 

phores and m any medusae]; Cubozoa (the box 

je llie s ]; and Scyphozoa (true je lly fish).

Corals can exist as ind iv iduals o r in colonies, and 

stony cora ls may secre te  exte rna l ske le tons made 

of aragonite, a fo rm  of ca lc ium  carbonate. Corals 

can be found in the photic zone of the ocean, w here 

sun lig h t penetrates (w ith sym bio tic  photosynthetic 

zooxanthellae, a type of algal, as w e ll as in the deep 

sea -  the so-ca lled  'co ld -w a te r corals'.

C o ld -w a te r co ra l ecosystem s are populated by 

m em bers from  two classes of the Cnidaria. The 

m ain cora ls tha t w il l  be discussed in th is  report 

are: sc le rac tin ians (stony cora ls], octocora ls (which 

inc lude  the gorgon ians], an tip a th a ria n s  (black 

cora ls] and zooanthideans (anem one-like  hexa­

cornis], w h ich  are a ll found w ith in  the Anthozoa, 

and the s ty la s te r is  ( hydrocora ls I, w h ich  are found 

w ith in  the Hydrozoa.
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Chrysogorgia sp., Davidson Seamount.
(N O A A /M B A R I ]

were revealed. Deep-sea cora l reefs are com m on features of 

con tinen ta l shelves, slopes, banks, ridges and seam ounts 

(Rogers, 1999; Friewald et al., 2004; Roberts et al., 2006). 

Today, as knowledge of the ir biology and ecology expands, it 

is becoming c lear tha t deep-sea cora ls are particu la rly  

vulnerable to physical d isturbance such as bottom  traw ling 

(Koslow et al., 2001 ; C lark and O' D riscoll, 2003; Freiwald et 

al., 2004; Rogers, 2004). Furtherm ore, because deep-sea 

cora ls have slow  growth rates and poor post-d isturbance 

recovery potentia l (Roberts et al., 2006], m ajor research 

e fforts  on the ir conservation are em erging g lobally (e.g. 

Weaver et al., 2004). Flowever, in addition to the direct 

effects of d isturbance on deep-sea corals, it is becoming 

increasingly evident that they are an in tegra l com ponent of 

the overall species assemblage, and that the disturbance of 

deep-sea cora l w ill have an egually destructive im pact on 

the w ider bio logical community.

W hils t hard substra ta  are more com m on on seam ounts 

than elsewhere in the deep sea, sed im ents are com m on 

towards the base of seam ounts or on terraces o r sum m its  

of f la t-to p p e d  seam oun ts  (so-ca lled  guyots). These 

sed im en ts  o rig ina te  from  d iffe ren t sources, and th e ir 

d is tribu tion  and particle  size depend on the local curren t 

regim e and biological activity. Sites characterized by low 

exposure to curren ts  exhibit fine, poorly sorted sedim ents, 

w h ils t those that are exposed to s tronger curren ts  tend to be 

coarser and may also be associated w ith  bedform s such as 

ripples or sand waves (Levin and Thomas, 1989). There are 

only a few studies on the biology of seam ount sedim ents, but 

it is known that they host a wide diversity of o rgan ism s that

Holothurian, cerianthid anem one and Hym enaster 

koehleri, Davidson Seamount, 2 854 m. ( n o a a / m b a r i )

may burrow  into sedim ents, or live am ongst the sedim ent's 

partic les o r on its surface. The an im a ls found in the 

sedim ent, known as the infauna, are classed according to 

size. The m acrofauna (anim als typically 500-250 pm in size] 

are dom ina ted  by po lychaetes in the few  s tud ies  on 

seam ount infauna. These include many fam ilies com m on in 

o ther deep-sea habitats such as Paraonidae, C irratulidae, 

Sabellidae, Syllidae and Am pharetidae (Levin and Thomas, 

1989). O ther com m on g roups inc lude  crustaceans, 

m olluscs, ribbon w orm s, peanut w orm s and oligochaetes. 

The sm a lle r an im a ls that live am ongst the sand grains, 

known as the m eiofauna (250-48 pm in size] include 

nematode w orm s, tiny crustaceans and some more unusual 

groups of m arine invertebrates such as lo ric ife rans and 

kinorhynchs. Observations indicate tha t there can be an 

inverse re la tio n sh ip  between d ive rs ity  of the in fauna l 

com m unity  and curren t s trength. This is because vigorous 

cu rren ts  lead to more coarse sedim ents, w ith  a lower 

content of bacteria and organic food partic les and h igher 

incidence of abrasion resulting from  turbation (Levin and 

Thom as, 1989). The s u m m it of Great M eteor, in the 

N o rth e a s t A tla n tic , is covered in coarse, ca lcareous 

sed im ents that are home to a highly unusual com m unity  of 

tiny m eiofaunal an im als. These include new species of 

Loricifera (Gad, 2004a] epsilonem atid nematode w orm s 

(Gad 2004b] and ha rpactico id  copepods (George and 

Schm inke, 2002). The species, genera and fam ilies are not 

typical for deep-sea sed im ents and are more characte ris tic  

of litto ra l o r sha llow  sub tida l sedim ents. Larger an im als 

living on the surface of sed im en ts  include sea pens,
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sponges, sta lked-barnacl.es, gorgonians, cerian th id  sea 

anemones, crinoids, b rittle  stars, sea urchins and sea 

cucum bers. Xenophyophores, g iant s ing le-ce lled organism s 

th a t a gg lu tina te  d iffe re n t types of pa rtic le s  (e.g. 

fo ra m in ife ra n  sh e lls , sand, vo lcan ic g lass] to create 

elaborate dw ellings of a variety of shapes, are particu la rly  

com m on on seam ount sed im ents (Rogers, 1994). Many of 

these organism s are suspension feeders and tend to favour 

areas exposed to strong currents.

THE RELATIONSHIP BETWEEN CORALS AND OTHER LIFE
The m ost spectacu lar benthic com m unities on seam ounts 

are those associated w ith biological habitats o r bioherms, 

such as co ld -w ate r cora l reefs (Koslow et al., 2001). It has 

been suggested that co ld -w ater cora l reefs are 'the m ost 

th ree-d im ensiona lly  complex habitats in the deep ocean’ 

(Roberts et al., 2006). As a result, there may be an associated, 

complex com m unity of organism s that is dynam ically linked 

to e ither the habitat s truc tu re  provided by coral, or the living 

cora l (Koslow et al., 2001; Freiwald et al., 2002). As such, 

co ld -w ater cora l reefs can play a s im ila r ecological role to 

that of sha llow -w ate r cora l reef system s (Rogers, 1999).

The diversity of an im als associated w ith co ld -w ate r cora l 

reefs is extrem ely high and com parable to, o r h igher than, 

the ir trop ica l sha llow -w ate r coun te rparts  (Rogers, 1999; 

B u h l-M o rte n sen  and M ortensen, 2005). For example, 

greater than 1 300 species have been reported to date as 

being closely associated w ith co ld -w ate r cora l reefs in the 

northeastern  A tlan tic  Ocean (Roberts et al., 2006). A varying 

proportion of associated species may be new to science, 

depending on geographic area investigated (e.g. Richer de

Forges et al., 2000). The reasons for th is  highly diverse 

association are not fu lly  understood. However, the added 

habitat complexity to the environm ent is thought to offer 

refugia for num erous invertebrates and fish w ith in  the living 

and dead cora l reef fram ew ork, cora l rubble and sedim ents, 

w h ile  at the sam e tim e providing hard substra tes  for 

colonization by o ther sessile o r encrusting  organism s such 

anemones, bryozoans and o ther cora ls (Freiwald et al., 

2002). In th is  sense, som e co ld -w a te r cora ls  may be 

regarded as 'ecosystem engineers’ -  that is, they create, 

m odify and m ainta in habitat fo r o ther organism s (Jones et 

al., 1994). Many fish species, including several of com ­

m erc ia l significance, show spatia l co-occurrence w ith deep- 

w a te r cora ls (Auster et al., 2005; Stone, 2006], and fish 

catches have been found to be h igher in and around deep- 

w a te r cora l reefs (Husebo et al., 2002).

The reefs form ed by some stony cora ls (scleractinians) 

are not the only th ree -d im ens iona l s truc tu res  bu ilt by 

cora ls . Large b ranch ing  and tree like  co ra ls  such as 

an tipatharians (black corals] and octocora ls (including the 

gorgonians] can also provide an extension of the benthic 

habitat through form ing so-ca lled cora l beds or gardens 

(Stone, 2006). The branches of these cora ls are raised off the 

seabed into the overly ing w a te r (em ergen t epifauna], 

providing rigid p la tfo rm s fo r o ther sedentary and sessile 

species, thereby allow ing them  better access to food brought 

by prevailing curren ts  (Stone, 2006). Such non-reef form ing 

cora ls, along w ith  o the r o rgan ism s such as sponges, 

therefore have an im portan t role in providing habitat for 

o ther species. In the Aleutian Islands, 97 per cent of juvenile 

rockfish and 96 per cent of juvenile golden king crabs have

Lepidion sp., swimm ing amongst coral fram ew ork, Hatton Bank. (DTI SEA P rogram m e, c/o  Bhavam Narayanaswam y]
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been observed as associated w ith  em ergent epifauna such 

as octocorn is and sponges (Stone, 2006). Such observations 

do not necessarily indicate dependence by fish on em ergent 

epifauna. Recent studies in the Hawaiian archipelago on 

associations between black cora ls (Antipathes spp.) and fish 

in sha llow  w a te r have indicated that many fish may routinely 

pass through the branches of cora l colonies, treating it as 

genera l habitat. A few species regu la rly  used the cora l for 

protection from  perceived threats, and only one species of 

fish was restricted to the branches of cora l trees (Boland 

and Parrish, 2005). The fish com m unities of deeper slopes in 

Hawaii a lso use oc toco ra ls  and zoanth ids as s h e lte r 

in terchangeably w ith non-b io tic  habitat (Parrish and Baco, in 

press). In some cases observations suggest that fish and 

cora ls occur together because they may have s im ila r habitat 

regu irem ents on seam ounts and banks (Mundy and Parrish, 

2004; Parrish and Baco, in press). In a s im ila r way, despite 

co ncen tra tions  of orange roughy on the Tasm anian 

Seam ounts, juveniles o r young fish of th is  species have not 

been found associated w ith the corals; and though the 

adu lts occur in the sam e physical environm ent as the 

epibenth ic fauna, no in teraction has been observed between 

them  (Smith, 2001). The association of fish and cora ls may 

a ttra c t large predators. For example, the endangered 

Hawaiian m onk seal (M onachus schau ins land ii forages 

pre ferentia lly  fo r fish am ongst beds of deep-sea octocora ls 

and an tipatharians (Parrish et al., 2002).

In add ition  to the genera l coexistence of co ra l and non­

c o ra l spec ies , som e a n im a ls  have fo rm e d  s trong  

re la tionsh ips  w ith  th e ir  co ra l hosts. A recent review of 

d irec t dependencies on co ld -w a te r co ra ls  g loba lly  has 

show n th a t of the 983 co ra l associated species studied,

114 w ere  ch a ra c te r ize d  as m u tu a lly  dependen t, of 

w h ich  36 were exclusive ly dependent to cn ida rians (B uh l- 

M ortensen  and M ortensen , 2004). Such c o m m e n sa l 

re la tionsh ips  may com e in a varie ty  of fo rm s: som e 

a n im a ls  are o b lig a te  in h a b ita n ts  on o r w ith in  the 

co ra l ske le ton, such as the polychaete G orgoniapolynoe  

ca e c ilia e  on the g o rgon ian  C and ide lla  im b ric a ta  

(E cke lba rge r et al., 2005); the am phipod P leusym tes  

c o m ita r i associated w ith  the gorgon ian A can thogorg ia  sp. 

(M yers and H a ll-S p e n ce r, 2004); and the polychaete  

Eunice norveg icus  associa tions w ith  the sc le rac tin ia n s  

Lophe lia  pe rtusa  and M adrepora  ocu la ta  (Rogers, 1999; 

M ortensen, 2001; Roberts, 2005). E. no rveg icus  lives in 

tubes th a t becom e ca lc ified  by Lop he lia  p e rtu sa  o r 

M adrepora  ocu la ta  as they grow, con fe rring  p ro tection  to 

the w o rm  w hich a lso acts as a k lep toparas ite  on the cora ls  

(M ortensen, 2001 ; Roberts, 2005). The w o rm  tubes aggre ­

gate co ra l co lonies, s treng then ing  the co ra l fram ew ork, 

and the w o rm s  defend the co ra l v igorously  from  predators. 

N um erous species of oph iuro id  b ritt le  s ta rs  are ob ligate  

in h a b itan ts  of tre e -fo rm in g  co ra ls  such as the a n ti­

pa tharia  (S tewart, 1998 and references there in ; B uh l- 

M ortensen and M ortensen, 2004), w h ich  in exchange 

'c lean ' co ra ls  of the bu ild -u p  of d e tr ita l m a te r ia l th a t could 

clog th e ir  polyps. Such co ra l associates m ay be regarded 

as im p o rta n t s tru c tu ra l species in tha t they may be 

im p o rta n t fo r the v iab ility  of the key s tru c tu ra l species in 

reef and co ra l garden hab ita ts  (ICES, 2006). O ther types of 

re la tionsh ip  a lso exist, fo r exam ple ep iton iid  gastropods 

are s p e c if ic a lly  adapted to feed on c o ra l po lyps (B 

M arsh a ll, pe rso n a l co m m u n ica tio n , M useum  of New 

Zealand Te Papa Tongarewa, W elling ton , New Zealand).

Lophelia pertusa  fram ew ork  with rich associated invertebrate fauna, Hatton Bank.
(DTI SEA P rogram m e, c/o  Bhavanl Narayanaswam y)

m
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Pycnogonids found on slope and base of Davidson 

Seamount (1 570 m); also note the chiton.
(NOAA/MBARI]

ATTEMPTING TO DETERMINE GLOBAL SEAMOUNT 

FAUNAL DIVERSITY
It Is Im portant to understand the re lationsh ips between cora l 

colonies and the fauna that Is like ly to be dependent on them  

fo r food and habitat. In th is  sense, better understanding of 

the entire deep-sea cora l com m unity  on seam ounts w ill lead 

to a more comprehensive view of the potentia l Im pact on 

them  from  hum an activities such as bottom  traw ling.

In order to examine the g lobal benthic Invertebrate 

com m unity  com position on seam ounts where cora ls have 

also been found, a freely available online resource of 

seam ount related biological data, Seam ountsOnllne (Stocks,

2006] was used. Seam ountsOnllne Is cu rren tly  the largest 

database of Its kind, spanning a wide taxonom ic and 

geographic range of published accounts of an im a l and plant 

species occurrences on seam ounts, as w e ll as unpublished 

data provided vo luntarily  by seam ount researchers. Data 

from  Seam ountsOnllne used here are the m ost up to date at 

the tim e of the analysis (last accessed July 13, 2006).

Our analysis was constrained to those seam ounts for 

which cora l has been sampled. For this, we consider In to ta l 

the m em bers of the Antipatharia , Octocorallia, Scleractin ia, 

Stylasterlda and Zoanthidea to be the cora l com m unity  w ith  

potentia l for providing substra te  or unlgue habitat. At the 

tim e of th is analysis, the database held approxim ately 15 841 

observations of 3 701 species from  287 seam ounts around 

the globe. We use the te rm  'observation' to mean a record of 

the occurrence of a species on a seamount.

Both co ra ls  and o th e r m em bers  of the ben th ic  

com m unity  have been sam pled on 47 seam ounts (Including 

seam ounts <1 000 m). However, It should be noted that 

there can be a sam pling bias towards the com m unities that

Fragm ent of live stony coral Lophelia pertusa  with 

polychaete w orm  Eunice norvegicus.
(Paul Tyler, School of Ocean &  Earth Science, U n ive rs ity  of Southam pton]

were targeted (e.g. w h ils t hard substra tes have generally 

been sampled, some studies have targeted so ft substrates], 

and that the m ajority of seam ounts have been under­

sam p led , so tha t the n u m b e r of species shou ld  be 

considered an underestim ate. Among the 47 seam ounts, 

322 cora l species and 1 158 non-cora l species are recorded 

from  5 541 observations. However, It m ust be noted that co­

occurrence of cora ls and o ther benthic species does not 

necessarily Indicate an association. That Is, cora l and non­

cora l species examined here were not necessarily collected 

sim ultaneously, nor were they necessarily collected from  the 

sam e area of the seam ount. In addition, some scleractln lan 

co ra l species th a t fo rm  fra m e w o rks  m ay have an 

exceptional Influence on non-cora l species diversity, as the 

reefs they form  have a high associated biodiversity (e.g. 

Rogers, 1999; Frelwald et al., 2004; Roberts et al., 2006). 

Therefore, the main assum ption for th is analysis Is that cora l 

and non-cora l species collected on the same seam ount are 

possibly associated, In the sense that any Im pact on the 

seam ount would potentia lly  affect both cora l and non-cora l 

com m unities.

GLOBAL DISTRIBUTION OF SAMPLING ON SEAMOUNTS
The geographic d is tribu tion  of 47 seam ounts examined 

here, and the num ber of observations from  which data were 

generated, Is shown In Table 3.1. The map (Figure 3.1] 

shows that genera lly the N orth A tlan tic  and Southwest 

Pacific are the two m ain centres, w ith  the highest num bers 

of observations of both cora ls and non-cora l seam ount 

species. Most seam ounts examined fa ll w ith in  national 

EEZs, a lthough exceptions Include seam ounts In the eastern 

A tlan tic  (Josephine, Great Meteor, Plato, Hyeres, Cru iser
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Table 3.1 : Ocean area and FAO area of seam ounts used fo r the biodiversity analysis, together w ith  the predicted  

num ber of large  seam ounts per FAO area (* indicates seam ounts < 1 000 m elevation).

Seam ount Nam e Ocean Area FAO Area Estim ated to ta l no. of large
(N um ber re fers  to F igure 3.1) seam ounts per FAO area
1. Galicia Bank
2. Joao de Castro Bank
3. Josephine  S eam oun t
4. Le Danois B ank*

A tla n tic , N o rtheas t 27 325

5. Lousy Bank
6. O rm onde S eam ount
7. A tla n tis  S eam ount
8. C ru ise r Tab lem ount
9. Great M eteo r T ab lem ount
10. Hyeres S eam ount

A tla n tic , Eastern C en tra l 34 536

11. P lato S eam ount
12. Seine S eam ount
13. Andy's S eam oun t*
14. Dory H ill*
15. H ill 38*
16. M acca's S eam oun t*

Indian, Eastern 57 588

17. Main Pedra S eam oun t*
18. S is te r I S eam oun t*

19. K inm ei and Koko Seam ounts Pacific, N o rth w e s t 61 1 350

20. D ickens S eam oun t
21. G iacom ini S eam ount
22. P ra tt S eam oun t

Pacific, N o rtheas t 67 265

23. W e lke r S eam oun t
24. A n tig o n ia *
25. A rgo S eam ount
26. Jum eau East S eam ount
27. Jum eau W est S eam oun t* Pacific, W estern  C en tra l 71 2 670
28. Ka im on M aru S eam ount
29. Nova Bank
30. T itov S eam oun t*
31. Bank 8
32. Bonanza S eam oun t*
33. B rooks Banks
34. Cross S eam ount
35. F iebe rling  Tab lem ount
36. H orizon Tab lem ount
37. Ladd S eam ount Pacific, Eastern C en tra l 77 2 735
38. Loihi S eam ount
39. M iddle Bank
40. Raita Bank
41. S a lm on Bank
42. Twin Banks
43. Volcano 6
44. B ritann ia  Guyot
45. Gascoyne Tab lem ount
46. G ifford Tab lem ount

Pacific, S ou thw est 81 996

47. Taupo S eam ount
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Figure 3.1 : Locations of seam ounts from  w here  coral and non-coral species data w ere  compiled fo r the biodiversity  

analysis. The num bers re fe r to the seam ounts listed in Table 3.1.

and A tlan tis  Seam ounts], the eastern Pacific (Fieberling and 

Volcano 6 Seam ounts], the western Pacific (Kinmei and Koko 

Seam ount] and the South Pacific  (Gifford S eam ounti. 

Seam ounts where com parative data exist are restricted to 

eight FAO areas (Table 3.1 ]. W ithin FAO areas, the num ber of 

seam ounts sam pled is lim ited to only a sm a ll fraction  of the 

to ta l estim ated num ber of large seam ounts.

Some of the seam ounts were subject to recent and/or 

con tinued s tud ies , w h ich  produced u se fu l species 

inventories. In the N orth  A tlan tic  Ocean, the A tlan tis , 

C ruiser, Great Meteor, Hyeres and Josephine seam ounts 

have been pa rticu la rly  w e ll studied (Figure 3.1). Num erous 

species of sessile (e.g. brachiopods, bryozoans, fan w orm s, 

sponges, barnacles, tun icates] and mobile (e.g. crinoid 

feather stars] suspension feeders have been observed. 

However, the occurrence of species that typically live w ith in  

so ft se d im e n ts  (e.g. E ch inoca rd ium  hea rt u rch ins, 

cusp idarid  bivalves and num erous polychaete fam ilies] 

suggests tha t soft sed im ent habitats also exist on these 

seam ounts.

Seam ounts in the Southwest Pacific have received much 

recent attention, and represent the m ost comprehensively 

studied region in te rm s of the ir benthic com m unities. The 

Antigonia, Jumeau East, Jumeau West, Kaimon Maru and 

Nova seam ounts have useful species inventories, where, in 

addition to those com ponents found in N orth  A tlan tic  

seam ounts, species of ascidians, hydroids and anemones 

were com m only sampled.

The cora l com m un ities  of the C entra l Pacific and

Northeast Pacific seam ounts have been genera lly poorly 

studied. This may reflect an h is to rica l and present day 

sc ien tific  in terest restricted to seam ount fisheries of these 

regions. In the Centra l Pacific, however, the Cross and 

Horizon Seam ounts have been w e ll studied, and show 

s im ila r com m unity  com ponents to those described above at 

a s im ila r taxonom ic level.

Finally, com m on to m ost seam ount species inventories 

are num erous observations of mobile epifauna such as 

decapods, gastropods, nud ib ranchs, pycnogonids and

Sea urchin on sedim ents on Rockall Bank.
(DTI SEA P rogram m e, c/o  Bhavanl Narayanaswam y]
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Table 3.2: Sum m ary of sam pling effort on seam ounts
N um ber of N um ber of Mean num ber of coral Mean num ber of

Observations seam ounts species recorded per seam ount non-coral species
__________________________________________________________________________________________recorded per seam ount

<10 7 2 3

11-25 5 5 10

26-50 12 11 9

51-100 11 8 32

101-200 3 26 64

201-500 6 17 119

501-1 000 3 21 172

Source: SeamountsOnllne

echinoderm s. These groups are typically categorized as 

detritivores o r predators, suggesting h igher levels of trophic 

com plexity w ith in  seam ount com m unities.

A PRELIMINARY ASSESSMENT OF GLOBAL SEAMOUNT 

FAUNAL DIVERSITY
A sum m ary of the sam pling e ffo rt on large seam ounts is 

given in Table 3.2, expressed in te rm s of the to ta l num ber 

observations per seam ount, mean num ber of cora l species 

and mean num ber of non -co ra l species observed per 

seam ount. The m ajority  of seam ounts have had a to ta l of 26- 

100 reported observations, w ith  means of up to 11 species of 

cora l and 32 non-cora l species observed on each seamount. 

The num bers of non-cora l species observed increased as 

to ta l num ber of observations increased, w ith  the highest 

mean num ber of non-cora l species observed being 172 per 

seam ount. The mean num ber of cora l species observed 

varied from  two species per seam ount to 26 species per 

seam ount. A lthough these data could be in terpreted as 

suggesting a link between num bers of cora l species and 

num bers of non-cora l species in the com m unity  overall, the 

data are highly dependent on the num bers of observations 

made. This reflects the inadeguate sam pling of the fauna on 

a ll of the seam ounts studied. As a resu lt of the lim ited 

sam pling on seam ounts where both corals and non-cora l 

species have been observed, any conc lus ion  on the 

relationsh ip  between cora l and non-cora l diversity or fu rth e r 

ana lys is  and in te rp re ta tio n  of these data w ou ld  be 

inappropriate at th is tim e.

HOW TO ALTERNATIVELY ASSESS SEAMOUNT FAUNAL 

DIVERSITY
The comparative g lobal analysis of the few w e ll-sam pled  

seam ount assem blages indicates that a complex com m unity 

of invertebrates may exist on those seam ounts that harbour 

corals. However, the m ost evident finding is that there are 

s ign ifican t geographic gaps in the d is tribu tion  of studied 

seam ounts. This is h ighlighted by the lim ited num ber of FAO

areas represented by studied seam ounts, and the lim ited 

num ber of seam ounts studied in areas beyond national 

ju risd ic tion  in general. Exam ination of cora l com m unities is 

lim ited p rim a rily  to a few seam ounts in the North A tlan tic  

and Southwest Pacific Oceans, representing only a fraction 

of the to ta l nu m b e r of seam oun ts  w here b io log ica l 

co lle c tio n s  have been made w o rldw ide . F u rthe rm ore , 

taxonom ic gaps in species inventories are like ly where 

sa m p ling  o r research a im s have ta rge ted  spec ific  

com ponents of the com m unity, such as in the central, 

w este rn  and eastern  N orth  Pacific. N onethe less, the 

exam ination of Seam ountsOnline data has been useful for 

identifying these taxonom ic and geographic gaps in the 

g lobal p icture of seam ount biodiversity.

It has been w idely suggested that negative im pacts on 

seam ount cora l assem blages are like ly to have sign ificant 

im pacts on a w ider benthic com m unity  (e.g. Fossa et al., 

2002; Koslow et al., 2001 ; Lack et al., 2003], and may have 

possible cascading e ffects on the benth ic and pelagic 

co m m u n ity  as a w hole, a lthough  these are poorly  

understood  (C om m onw ealth  of A us tra lia , 2002; Lack 

et al., 2003). C urrently there is insuffic ien t g lobal data to 

assess d irec tly  the po ten tia l vu lne rab ility  of seam ount 

com m u n itie s . Assessing the po ten tia l im pacts  of 

d isturbance by bottom  traw ling  on the seam ount cora l 

com m unity  using available co ld -w ate r cora l data as a proxy 

fo r the whole seam ount benthic com m unity  is a prudent 

a lternative. The firs t step in th is approach is taken in the 

fo llow ing chapter of th is report.
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4. Distribution of corals 
on seamounts

Graneledone boreopacifica and Trissopathes sp., 
Davidson Seamount, 1 973 m depth, (n o a a / m b a r i ] 

THE NEED TO ASSESS THE DISTRIBUTION OF CORALS
Analyses of the diversity of seam ount com m unities have 

genera lly  a im ed at assessing the ove ra ll d ive rs ity  of 

seam ount com m unities and levels of potentia l endem ism  

(e.g. R icher de Forges et al., 2000). However, such studies 

have revealed little  about how species w ith in  specific groups 

are d istribu ted on seam ounts at regional and g lobal scales. 

Such in fo rm a tio n  is c r it ic a l in unders tand ing  w hat 

env iro n m e n ta l fac to rs  in fluence  species d ive rs ity  on 

seam ounts. It is also im portan t in predicting the im pacts of 

hum an activities on seam ount com m unities in the absence 

of detailed data. Data on the occurrence of species on 

seam ounts is sparse and scattered over a variety of sources. 

For som e groups of anim als, m ost notably those com pris ing 

large, conspicuous o rgan ism s, there are a substan tia l 

num ber of observations. Fortunately, data fo r cora ls was 

su ffic ien t fo r a detailed analysis of the d is tribu tion  of corals 

on seam ounts that had several princip le aims:

(i). to identify  g loba l hotspots in seam ount cora l diversity;

(ii). to com pare the d is tribu tion  of d iffe ren t cora l groups; 

and

(iii).to  understand the lim ita tio ns  of available data for 

co ra ls  in te rm s  of geograph ic coverage (Rogers et al., 

in press).

Antipatharian coral, Munidopsis sp. and Param óla  sp., 
Hatton Bank, (d t i SEA P rogram m e, c/o  Bhavanl Narayanaswam y] 

THE TASK OF COMPILING USEFUL DATA
A database was generated fo r records of a ll known 

occurrences of co ra ls  on seam ounts, inc lud ing  som e 

sha llow e r features of <1 000 m elevation and som e banks 

associated w ith  the con tinen ta l m arg in  [n  = 3 235; Rogers 

et al., in press). The cora l database consisted of records of 

the presence of a cora l species at a loca lity  and could not 

be used to in fe r species absence. This included records of 

S c le ra c tin ia  (stony co ra ls ); O c to co ra llia  (in c lu d ing  

go rgon ians); A n tip a th a ria  (b lack co ra ls ); S ty las te rida  

(s ty la s te r id s /h yd ro co ra ls ) and Zoan th idea  (zoanth ids). 

These records included a ll species of co ra ls  inc lud ing 

those tha t are ree f-fo rm ing , con tribu te  to reef fo rm ation , 

o r occur as isolated colonies. Corals were chosen as they 

are the m ost com m on ly  recorded group of ben th ic  an im a ls 

recorded from  seam ounts (Stocks, 2004) and are also often 

associated w ith  a d iversity of o the r species (Rogers, 1999; 

Freiwald et al., 2004; B uh l-M ortensen  and M ortensen, 

2005; R oberts et al., 2006). As such, co ra ls  may be 

representa tive  of the b io log ica l d ivers ity  of the hard- 

substra ta  ben th ic  com m un ities  on seam ounts in genera l 

(see a rgum ents  in previous chapter).

These records were extracted from  the p rim ary  sc ientific  

lite ra tu re , from  m useum  databases, from  on line data
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Fig. 4.1 Global distribution of seamounts w ith records of 
corals (Scleractinia, Octocorallia, Antipatharia, Stylast- 
erida and Zoanthidea). Source: Rogers et at. (in press)

sources (Seamounts Online; B iogeo in form atics of Hexa­

cornis], from  reports and from  the records held by scientists. 

Records were included in the database if corals were 

identified to species level or occasionally to genus if this 

represented a single unidentified species w ith in  the genus 

on a seam ount. In form ation recorded for each record, if 

availab le, inc luded the species nam e; ocean region; 

seam ount; location, w hich was the exact la titude and 

longitude of the specim en collection if available o r that of 

the seam ount given in I0C -IH 0 GEBCO database; depth or

Bathypathes sp., Davidson Seamount, 2 467 m.
(NOAA/MBARI]

depth range from  w hich the specim en was co llected; 

w hether the specim en was alive, dead o r if th is in form ation 

was unknown; the origin of the record; and any o ther 

pertinen t notes.

GLOBAL DISTRIBUTION OF RECORDS FOR SEAMOUNT 

CORALS
Analyses of the co ra ls  on the seam oun t database 

dem onstrated that sam pling of seam ounts has not taken 

place across the w o rld ’s oceans evenly (Rogers et al., in 

press). Exam ination of a map of a ll cora l (Scleractinia, 

O ctocora llia , A n tipa tharia , S ty lasterida and Zoanthidea] 

records shows that fo r som e regions very few seam ount 

sam ples have been taken, including the entire Indian Ocean

Munidopsis sp., orange hydroid and amph ipods on drifting  

kelp, Davidson Seamount, 1 400 m (n o a a / m b a r i ]
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Table 4.1 : Num bers of records, species, genera and fam ilies  recorded fo r a ll coral groups from  seam ounts
Total N um ber N um ber N um ber

Group of records of species of qenera of fam ilies
S c le ractin ia 1 713 249 85 20

O ctocora llia 957 161 68 21

S ty las te rida 372 68 18 2

A n tip a th a ria 157 34 22 6

Zoanth idea 28 14 6 3

Source: Rogers et al. [in press]

and o ther regions, such as the South Atlantic, centra l 

southern Pacific and m uch of the Southern Ocean (Figure 

4.1). It is also apparent that som e areas have been w e ll 

sampled, such as around New Zealand, Hawaii, off w estern 

North Am erica and in the Northeast and N orthw est A tlantic. 

In total, fewer than 300 seam ounts have been sam pled for 

corals, representing 2.1 per cent of the Identified num ber of 

large seam ounts In the oceans globally (or 0.03 per cent 

when assum ing there are 100 000 seam ounts w ith  elevation 

g reater than 1 000 m).

PATTERNS OF CORAL DIVERSITY
One of the m ost notable resu lts  of analyses of the database 

was the finding tha t m ost cora l species found on seam ounts 

are restricted to a single ocean and m ost of these to a single 

region w ith in  an ocean (Rogers et al., In press). Only a 

relatively sm a ll num ber of species have wide geographic 

d is trib u tio n s , and very few  have nea r-co sm o p o lita n  

d is tribu tions. Often the taxonom y and system atic s ta tus of 

such g lobally d istribu ted species Is not entire ly resolved, and 

It Is possible that som e of these species represent c lusters 

of m orpho log ica lly  s im ila r s ib ling o r cryptic species (see Le 

Goff-V ltry et al., 2004). Many of the w idely d istribu ted species 

are the p rim ary  fram ew ork build ing cora ls of co ld -w ate r

reefs (e.g. Lophelia pertusa, So lenosm ilia  variab ilis  and 

M adrepora oculata}. It Is not known to w hat extent the 

lim ited sam pling of seam ounts Influenced th is result, and 

certa in ly  som e cora l species have a w ider geographic 

d is tribu tion  than Is apparent from  the occurrences recorded 

on seam ounts (Rogers et al., In press).

A g lobal analysis of the species richness of cora ls on 

seam ounts on a 10° by 10° la titud ina l and long itud ina l grid 

was also carried out (Rogers et al., In press). This analysis 

showed that several geographic areas appeared to be 

hotspots of cora l diversity. However, an analysis of the 

relationsh ip  between the num bers of cora l sam ples for each 

grid  box Indicated that species richness was strong ly  

dependent on sam pling e ffo rt (Rogers et al., In press). 

Species richness of cora ls was also analysed by latitude 

(Rogers et al., In press) because there has been a suggestion 

tha t b io logical diversity In the oceans peaks at m id -la titudes 

(Worm et al., 2003). This suggestion seemed to be confirm ed 

by the cora l diversity on seam ounts, which also peaked at 

m id -la titudes. However, th is proved to be an artefact, caused 

by an eguatorla l gap In the sam pling of seam ount fauna 

(Rogers et al., In press).

Despite the lim ita tions  of the cora l on seam ounts 

dataset, some broad patterns In d is tribu tion  were detected.

Table 4.2: Num bers of species of the two m ain coral groups that occur on seam ounts in d ifferent ocean regions

Ocean Reqion Scleractinia
Coral group

Octocorallia
N o rtheas t A tla n tic 48 27

N o rth w e s t A tla n tic 9 7

S outheast A tla n tic 10 1

S ou thw est A tla n tic 5 1

N o rtheas t Pacific 15 54

N o rth w e s t Pacific 3 3

S outheast Pacific 3 -

S ou thw est Pacific 108 20

S ou the rn  Ocean 8 4

Source: Rogers et al. [in press]
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Figure 4.2: Known locations of scleractinian corals on seam ounts. Source: Rogers et a i  (in press]
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Scleractin ian cora ls are the m ost diverse and com m only 

observed group, w ith  249 species having been recorded. This 

is fo llow ed by the oc tocora ls , the s ty tas te rids , the 

antipatharians and the zoanthids in order of d iversity and 

num ber of records (Table 4.1). Fewer than 1 500 species of 

sc leractin ian corats have been described, and seam ounts 

therefore potentia lly  host a subs tan tia l frac tion  of the 

global scleractin ian fauna, and a very targe fraction  of

Fig. 4.3: Known locations Of octocorals on seam ounts. Source: Rogers et a i  (in press]
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Figure 4.4: Known locations of antipatharian corals on seamounts. Source: Rogers et a i  (in pressi
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azooxanthe lla te  co ra l species liv ing in deeper w ate rs  

(Rogers et at., in press).

Com parison of the relative diversity of the corat groups 

in d iffe ren t reg ions of the oceans revealed s ign ifican t 

d iffe rences (Table 4.2). In m ost pa rts  of the w orld , 

Scleractin ia were the m ost diverse group, followed by the 

Octocorattia. However, in the northeastern Pacific, th is trend 

was reversed. Here, octocora ls are m arked ly more diverse 

than scteractin ians (Rogers et at., in press). The n o rth ­

eastern Pacific is characterized by a sha llow  aragonite 

sa tura tion horizon, which may explain the tower relative 

d iversity of stony corats in th is  region (Guinotte et at., 2006). 

S c le rac tin ia  need to accum u la te  targe g u a n titie s  of 

aragonite to build the corat skeleton. U ndersaturation of 

aragonite makes th is process more d ifficu lt and may resu lt 

in the d isso lu tion  of dead cora t ske le tons, po ten tia lly  

preventing the occurrence of co td -w ater corat reefs. Given 

the present evidence of acid ification of the oceans, th is  has 

s ign ificant im plica tions for the global d is tribu tion  of cotd- 

w ater corats and corat reefs (Orr et at., 2005; Royal Society, 

2005; see Chapter 5). It is also notable that the seam ounts of

the northeastern  Pacific are very isolated, and differences in 

d ispersa l capacity between the two corat groups may also 

in fluence  th e ir  d is tr ib u tio n . The feeding ecology of 

scteractin ians and octocora ls is also different, and th is may 

also resu lt in contrasting environm enta l preferences of the 

two corat groups.

THE RELATIVE OCCURRENCE AND DEPTH DISTRIBUTION 

OF THE MAIN CORAL GROUPS
Analysis of the depth d istribution of the four main d ifferent 

corat groups, the Scleractinia, Octocorallia, Stytasterida, 

Antipatharia  and Zoanthidea, found that the d ifferent corat 

groups occurred at d ifferent depths (Figures 4.2-4.41. Most 

scleractinian and stytasterid species occur in the upper 1 000-

1 500 m (Rogers et at., in press). Octocorals can be found in 

greater depths, w ith  m ost species occurring in the upper

2 000 m. Antipatharians also occurred in the upper 1 000 m, 

although a h igher proportion of species occurs deeper than 

scteractin ians or stytasterids. A variance analysis, using a 

Generalised L inear Model (GLM), of the whole dataset 

showed that the depth d is tribu tions were d ifferent between 

the four corat groups. Analysis in pairs showed the depth 

d is tribu tions of scleractin ian and stytasterids to be s im ita r 

and d iffe ren t from  both octocora ls  and an tipa tha rians 

(Rogers et at., in press). Sampling e ffort to date lim its  our 

understanding of corat d istribution below 2 500 m.

GETTING A BETTER UNDERSTANDING OF CORAL 

DISTRIBUTION ON SEAMOUNTS
The relative occurrence  and d is tribu tio n  of cora ts on
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seam ounts dem onstrate that the depth of the seam ount 

su m m it w ill have a s ign ificant influence on the com position 

of the cora l com m unities present. This is likely to apply also 

to o ther groups of sessile organism s (Rogers et al., in press). 

The greatest diversity of cora ls observed on seam ounts 

occurs in the upper 1 000 m of the oceans, and the depth 

ranges w ith the highest cora l diversity overlap w ith those 

where m ost deep-sea fishing cu rren tly  takes place (250- 

1 500 m; Koslow et al., 2000; ICES, 2005).

Given that depth is one of the m ajor factors in fluencing 

physical c lassification of seam ounts (Rowden et al., 2005; 

ICES, 2006), th is w ill be a s ign ificant facto r in predicting the 

d iversity of cora l com m unities on unsampled seam ounts. 

Elowever, it should be noted that even for mean depths, the 

resu lts  for the GLM indicated that taxonom ic groups of cora l 

have only a relatively sm a ll influence on depth d is tribu tion  (it 

explains about 10 to 13 per cent of the variation), and that 

many o ther factors -  such as the physical environm ent of a 

seam ount -  w ill also determ ine species com position and 

d is tribu tion  (Rowden et al., 2005).

Overall, the analyses revealed new pa tterns  in the 

reg iona l and ve rtica l d is tribu tion  of co ra l species. The 

reasons fo r d iffe re n ce s  in the depth  and reg io n a l 

d is tribu tion  of the d iffe ren t cora l groups are m ost like ly 

re la ted  to the na tu re  of s u b s tra te s  ava ilab le  fo r 

a ttachm ent; the quantity, gua lity  and abundance of food at 

d iffe ren t depths (see C hapters 2 and 3); but a lso to the 

a ragon ite  s a tu ra tio n  horizon , te m p e ra tu re  and the 

am ounts  of d iffe ren t essen tia l e lem ents and nu trien ts  

(B on illa  and Piñón, 2002). The da tase t a lso revealed 

s ig n ific a n t areas of w eakness in o u r know ledge  of 

seam oun t cora l diversity, especia lly  in the lack of sam p ling  

of seam ounts in eguato ria l la titudes. Thus, in o rder to 

make a reasonable assessm ent of the vu ln e ra b ility  of 

co ra ls  and, by proxy, n o n -co ra l com m un ities  on seam ounts 

to bo ttom  traw ling , it is cu rre n tly  necessary to use m odels 

to pred ic t the g loba l occurrence of su itab le  cora l habitat.
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5. Predicting global distribution 
of stony corals on seamounts

Paragorgia arborea, Davidson Seamount, 1 779 m.
(NOAA/MBARI]

KNOWN CORAL DISTRIBUTION
The previous chapter dem onstrates that our knowledge of 

the d is tribu tion  of cora ls on seam ounts is lim ited. Most 

records come from  heavily sam pled regions such as the 

Northeast A tlan tic  and around New Zealand, a pattern that 

is unlike ly to represent the true d is tribu tion  of these corals. 

There are very few data from  seam ounts in some regions, 

such as the sou th -cen tra l Pacific and the Indian Ocean, and 

the vast m ajority  of large seam ounts have not been sampled 

at all. In order to improve ou r knowledge of where and why 

deep-sea cora ls are found on seam ounts, fu rth e r sam pling 

and research has to be conducted, but th is  is tim e - 

consum ing  and expensive. A s h o rt- te rm  a lte rna tive , 

a lthough not replacing the need fo r fu rth e r sam pling, is to 

use a m odelling approach.

A com m on prob lem  in biology is a ttem pting  to pred ict 

in w hich areas an o rgan ism  is like ly  to be found, given 

a lim ite d  se t o f obse rva tio n s  of its  d is tr ib u tio n . 

Understand ing the factors, such as c lim a te  and food 

availab ility, tha t drive its d is tribu tion  (Gaston, 2003] can 

help. M odels (Box 2] can be used to pred ict the d is tribu tion  

of a species from  observed occurrences and absences 

of in d iv id u a ls  and th e ir  re la tio n s h ip  to m easu rab le  

env iro n m e n ta l p a ram e te rs  (Guisan and Z im m e rm a n n , 

2000; Guisan and Thu ille r, 2005).

In th is  chapter we construct a habitat su itab ility  m odel to 

gain insight into the global d is tribu tion  of deep-sea cora ls on

seam oun ts . Some sc le rac tin ia n  co ra ls  fo rm  com plex 

s truc tu res  and fram ew orks such as reefs that provide 

habitat for o ther deep-sea species (Rogers, 1999; Freiwald 

et al., 2004). Better knowledge of the d is tribu tion  of such 

species supplies a useful proxy for the biodiversity of benthic 

com m unities of seam ounts (see Chapter 3).

Other groups of coral, such as octocorals, fo r example, 

can also fo rm  im portan t habitats such as cora l gardens (e.g. 

Stone, 2006; see Chapter 3). These cora ls may have very 

d iffe rent d is tribu tions from  that of stony corals, which would 

also be useful to appreciate in the context of determ in ing the 

vu lnerab ility  of seam ounts com m unities to bottom  traw ling. 

Unfortunately, the available data for octocora ls are curren tly  

too lim ited to enable appropria te m odelling.

Box 2: What is a model?
A m odel, in th is  context, is a s im p lified , abstracted 

representa tion of a rea l-w o rld  system. Models 

are typ ica lly  co n s tru c te d  using m a th e m a tica l 

equa tions o r s ta tis t ic a l fu n c tio n s  th a t are 

p rog ra m m e d  in to  a com puter. For exam ple, 

existing data (such as known seam ount cora l 

d is tribu tions] are fed into the m odel, and the 

ou tpu t (such as predicted hab itat su ita b ility  maps 

fo r se a m o u n t co ra ls ] is used to aid in the 

understand ing of pa tterns and processes and to 

make predictions. M odels are often com pared and 

tested aga inst one another. There is a trad e -o ff 

between s im p lic ity  and complexity. A s im p le  m odel 

tha t captures the essentia l features of the system  

in question is often pre ferable  to a m ore com plex 

m odel w here m ore assum ptions have to be made 

because there  is no rm a lly  not enough known 

about parts  of the ecosystem.

It is im portan t to rem em ber tha t a m ode l can 

never be pe rfec t o r  'r ig h t '.  It is a s im p lifie d  

representa tion of reality. A  good outcom e w ould 

be fo r the m odel to capture la rge-sca le  features 

of the system  in question. It is also im portan t 

to ca lib ra te  a m odel aga inst known data and 

knowledge, and to s ta tis tica lly  assess its accuracy. 

Only when the uncerta in ty  in a m odel can be 

quantified  is it o f s ign ifican t use.
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Table 5.1 : Environm ental p aram eters  used to predict 
Project; SODA = S im ple Ocean Data Assim ilation 1.4.2  

W orld  Ocean A tlas 2001]
P aram eter Units

habitat su itab ility  [GLODAP = Global Ocean Data Analysis 

; VGPM = V ertically  G eneralized Productivity Model; WOA =

Source Reference
Tem pera tu re °C WOA C on krigh t e t al., 2002

S a lin ity Pss WOA C on krigh t e t al., 2002

Depth m WOA C on krigh t et al., 2002

S urface c h lo ro p h y ll dd I"1 WOA C on krigh t et al., 2002

D issolved oxyqen m l 1-1 WOA C on krigh t et al., 2002

Per cent oxyqen sa tu ra tio n % WOA C on krigh t e t al., 2002

Overlyinq w a te r p roduc tiv ity mq C m -2 y r_l VGPM B ehrenfe ld  and Falkow ski, 1997

E xport p rim a ry  p roduc tiv ity q C m -2 yr-1 VGPM B ehrenfe ld  and Falkow ski, 1997

R eqiona l c u rre n t ve loc ity cm  S"1 SODA Carton e t al., 2000

Tota l a lk a lin ity p m o l kq-1 GLODAP Key et al., 2004

Tota l d issolved ino rqan ic  carbon p m o l kq-1 GLODAP Key et al., 2004

A ra g o n ite  sa tu ra tio n  sta te p m o l kg- 1 Derived from  

GLODAP data

Key et al., 2004;

O rr e t al., 2005;

Zeebe and W o lf-G ladrow , 2001

USING HABITAT SUITABILITY MODELLING TO PREDICT 

STONY CORAL DISTRIBUTION
S ta tis tic a l te ch n iqu e s  fo r the m od e lling  of h a b ita t 

s u ita b ility  have been used since the 1970s, and since then 

have branched in to a varie ty  of d iffe re n t approaches 

(Guisan and T hu ille r, 2005). There is no single m odel that 

is 'best' in a ll s itua tions; typ ica lly a m odel is selected 

because it is though t to be the m ost appropria te  fo r the 

type of data, o r severa l com peting m odels are tested 

aga inst one another.

Crinoid [F lo rom etra  serratissim a] and brisingid seastar 

on black coral, Davidson Seam ount 1 950 m. (n o a a / m b a r i ]

The m ode lling  techn ique  used in th is  ana lysis is 

'env ironm en ta l niche fac to r ana lysis ’ (ENFA], developed 

by H irze l et al. (2002). ENFA com pares the observed 

d is tribu tion  of a species, o r group of species, to the 

background  d is tr ib u tio n  of e n v iro n m e n ta l fa c to rs  

(tem pera tu re  and sa lin ity , fo r example). In th is  way, it 

assesses how d iffe ren t the env ironm enta l niche a tax­

onom ic group occupies is relative to the mean background 

environm ent (its ’m a rg in a lity ’ ], and how narrow  th is  niche 

is (its spec ia liza tion ’]. The m ode l also reveals fac to rs  that 

can be im p orta n t in de te rm in ing  the d is tribu tion  of the 

studied o rgan ism s. ENFA can then use th is  in fo rm a tion  to 

pred ic t hab ita t su ita b ility  fo r unsam pled regions.

ENFA is ideal when there is reliable presence data, but 

no reliable absence data (H irzel et al., 2001 ; Brotons et al.,

2004], as is the case for cora l data from  seam ounts. We 

know where scteractin ians have been found, but even for 

those seam ounts that have been sampled, we cannot in fer 

true absence, since cora l species may be living on an 

unsam pled region of the same seam ount o r cora l m ateria l 

has not been identified and sorted from  samples. ENFA has 

been previously used in the m arine environm ent to m odel 

cora l d is tribu tions on the Canadian A tlan tic  continenta l she lf 

(Leverette and Metaxas, 2005], Further details of the m odel 

are given in Appendix II.

STONY CORAL DISTRIBUTION AND ENVIRONMENTAL 

DATA
The loca tion  of reco rds of sc le ra c tin ia n  co ra ls  on 

seam ounts came from  the database generated fo r the 

analysis of co ra l d is tribu tion  (see C hapter 4], These data
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were then com bined w ith  physical, b io log ica l and chem ica l 

oceanographic data from  a varie ty of sources, as outlined 

in Table 5.1 (fu ll de ta ils  in Appendix I). Data on large 

seam oun t locations were obtained from  the data used for 

C hapter 2 (K itch ingm an and Lai, 2004). The cora l data and 

the seam oun t locations do not com ple te ly  m atch, since 

som e of the co ra l records come from  s m a ll seam ounts. 

Thus we cannot m odel hab ita t su ita b ility  fo r stony cora ls  on 

seam ounts directly. Instead, we use the cora l data to m odel 

hab itat su ita b ility  in various regions and depth zones of the 

g loba l oceans, in itia lly  ignoring the locations of large 

seam ounts. The hab itat su ita b ility  m aps can then be used 

in two ways: (i) to exam ine the hab itat su ita b ility  fo r as yet 

unknow n seam oun ts  and o th e r sea flo o r features w ith in  a 

p a rticu la r region of the m arine  environm ent; and (ii) fitted  

to the su m m its  of know n/pred icted  seam ounts. Habitat 

s u ita b ility  fo r sc te rac tin ians on seam oun ts  may be very 

d iffe ren t depending upon w he the r the cora ls  are sited on 

the seam oun t s u m m it or slope, as these are at d iffe ren t 

depths and po ten tia lly  in d iffe ren t oceanographic regim es. 

Caution should there fore  be used when in te rp re ting  hab itat 

s u ita b ility  fitted  to seam ount sum m its .

The ENFA m odel assumes tha t the data span the 

environm enta l range of actual scleractin ian occurrence, i.e. 

tha t Scleractin ia  do not reside outside the environm enta l 

extrem es that have been sam pled; otherw ise, the m odel w ill 

not predict areas of su itab le habitat beyond these extremes. 

This appears to be a reasonable assum ption in th is  instance. 

Nonetheless, we lim ited the m odel to 2 500 m in depth, as 

below 2 500 m data are more lim ited by sam pling, and there 

is a m arked change in the species com position of the 

scteractin ians (Rogers et al., in press).

PREDICTED HABITAT SUITABILITY FOR STONY CORALS
The predicted habitat su itab ility  fo r scteractin ians found on 

seam ounts is shown in Figures 5.1 to 5.6 in 250-500 m bands 

from  0 m to 2 500 m depth. The fo llow ing assessm ent of 

these maps refers to the m ain FAO fishing areas (FAO, 2005) 

and to the areas beyond national ju risd ic tion  given in the 

Reference Maps 1 and 2 on the back cover.

In nea r-su rface  w ate rs, su itab le  seam oun t hab ita t 

lies in the sou thern  N orth  A tlan tic  (m ostly FAO area 31), 

the South A tlan tic  (FAO area 41), m uch of the Pacific 

(especially FAO areas 77, 81 and 87), and the sou thern  

Indian Ocean (FAO areas 51 and 57). The Southern Ocean 

and no rthe rn  N orth  A tlan tic  are, however, unsuitable. 

Habita t su ita b ility  pa tte rns  change subs tan tia lly  below th is 

depth. In depths from  250 m to 750 m, a na rrow  band 

around 30°N ± 10° and a broader band of su itab le  hab itat 

occur around 40°S ± 20° (areas 81 and 87 in the South 

Pacific, 41 and 47 in the South A tlan tic , and 51 and 57 in 

the Indian Ocean). Below 750 m, the N orth  Pacific and

northe rn  Indian Ocean become p a rticu la rly  unsuitable. The 

c ircu m -g lo b a l band of su itab le  hab itat at around 40°S 

narrow s w ith  depth (to ± 10°), breaking up into sm a lle r 

su itab le  hab ita t areas around the sou theast coast of South 

Am erica and the tip of South Africa. Suitable hab itat 

rem ains in parts  of the A tla n tic  to 2 500 m depth (especially 

the N orth  and trop ica l West A tlan tic , m ost cons is tently  in 

FAO areas 31 and 34, w ith  FAO areas 21 and 27 becom ing 

m ore p rom inen t w ith  depth). The g loba l extent of hab itat 

su ita b ility  fo r stony cora ls  on seam ounts was predicted to 

be at its  m ax im um  between 250 m and 750 m (Figure 5.2). 

The m a jority  of the su itab le  hab ita t fo r stony cora ls  occurs 

in areas beyond na tiona l ju r isd ic tio n . However, su itab le 

hab ita ts are also predicted in deeper w aters  under nationa l 

ju r isd ic tio n , especia lly in the EEZs of coun tries  (i) between 

20°S and 60°S off South Africa, South Am erica and the 

A u s tra lian /N ew  Zealand region, (ii) o ff no rthw est Africa, 

and (iii) around 30°N in the Caribbean.

The re s u lts  of com b in ing  the p red ic ted  hab ita t 

su ita b ility  w ith  the su m m it depth and location of large 

seam ounts are shown in Figure 5.7. The m a jo rity  of the 

large seam ounts tha t could provide su itab le  hab ita t on 

th e ir  su m m its  are located in the A tlan tic  Ocean (a ll A tlan tic  

FAO areas -  21, 27, 31, 34, 41 and 47). The rest are m ostly  

c lus te red  in a band between 20°S and 60°S. A few 

seam ounts e lsewhere, such as in the South Pacific, have 

su m m its  in the high su ita b ility  depth range between 0m 

and 250 m. In the A tlan tic , a large p roportion  of su itab le 

seam oun t s u m m it hab ita t is beyond nationa l ju risd ic tio n , 

w hereas in the Pacific it is m ostly  w ith in  EEZs. In the 

sou the rn  Indian Ocean, su itab le  hab ita t appears both 

w ith in  and outside of EEZs. When analysing the hab itat 

su ita b ility  on the basis of su m m it depth, it shou ld  be

Primnoid coral with shrim p, Davidson Seamount, 
1 570 m depth, (n o a a / m b a r i)
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Table 5.2: Variance explained by the firs t eight ecological factors in the ENFA m odel. Factor one explains the
m arginality , the rem aind er the specialization. The cum ulative explained specialization of the firs t eight factors  

is 88.6 per cent.
Factor 1 (M arginality) 2 3 6 5 6 7 8
Explained
specialization

0.12 0.19 0.17 0.12 0.10 0.08 0.06 0.05

A lk a lin ity -0.30 0.04 0.22 0.07 0.13 0.23 0.23 0.35

A ragon ite  

s a tu ra tio n  s ta te

0.34 0.07 0.06 0.83 0.12 0.00 0.14 0.12

Surface  c h lo ro p h y ll 0.25 0.02 0.13 0.05 0.01 0.00 0.03 0.30

Depth -0.21 0.15 0.32 0.18 0.05 0.16 0.07 0.07

D issolved 02 0.22 0.66 0.11 0.08 0.41 0.48 0.68 0.35

Per cen t 02 

sa tu ra tio n

0.27 0.61 0.22 0.41 0.74 0.70 0.46 0.40

P rim a ry  p roduc tiv ity 0.46 0.00 0.00 0.06 0.01 0.04 0.08 0.49

E xport p roduc tiv ity 0.31 0.02 0.00 0.01 0.01 0.00 0.04 0.09

S a lin ity 0.24 0.05 0.03 0.13 0.04 0.03 0.16= 0.00

Tota l CO2/D IC -0.29 0.29 0.57 0.12 0.51 0.48 0.04 0.49

Tem pera tu re 0.35 0.29 0.49 0.11 0.01 0.09 0.46 0.40

R egiona l cu rre n t 

ve loc ity

-0.03 0.03 0.01 0.07 0.03 0.03 0.03 0.01

rem em bered tha t su itab le  hab ita t fo r stony cora ls  m ight 

a lso occur on the s lopes of seam ounts, i.e. at depths 

g rea te r than the sum m it.

WHAT ENVIRONMENTAL FACTORS ARE IMPORTANT IN 

DETERMINING STONY CORAL DISTRIBUTION?
Table 5.2 shows the im portance of each environm enta l 

param eter in constra in ing the d is tribu tion  of scteractin ians 

on seam ounts. The firs t co lum n (Factor 1 ] is the m arg ina lity  

of the group, and the rem aining factors its specialization 

(see Appendix II). The predicted value of the m arg ina lity  is 

0.918, which indicates that op tim a l habitat fo r scteractin ians 

is guite different from  the background mean values. This is 

true fo r a lm ost a ll environm enta l variables except regional 

cu rren t velocity.

The rem ain ing factors (2-8) show the param eters that 

are im portan t in driving the observed d is tribu tion . The 

specialization value is 1.369, indicating that stony corals 

are h igh ly specia lized and occupy a re la tive ly  narrow  

environm enta l niche.

The environm enta l param eters that are m ost im portan t 

in determ in ing suitable habitat fo r seam ount stony corals 

are dissolved oxygen and per cent oxygen satura tion , to ta l 

dissolved inorganic carbon and the aragonite sa tura tion 

state. The com parison of Figures 5.8 w ith  Figures 5.2 and 5.3 

shows that high levels of aragonite sa tura tion and dissolved 

oxygen correspond w ith  su itab le habitat fo r scteractin ians. 

S im ilarly, high values of per cent oxygen satura tion and low

values of to ta l dissolved inorganic carbon also correspond 

w ith  su itab le  hab ita t. In te resting ly , n e ith e r surface  

ch lo rophyll nor regional cu rren t velocities apparently are 

im portan t in determ in ing g lobal scleractin ian d is tribu tions 

on seam ounts, a lthough these may have an effect at a 

sm a lle r spatia l scale, such as an individual seam ount. That 

is at a scale not captured by the size of the grid used w ith in 

the model.

Tem poral variab ility  in the environm enta l factors is not 

captured by the model, and daily, seasonal and annual 

changes m ay a ll play a role in driv ing s tony co ra l 

d is tribu tions. It is also w orth  noting that o ther im portan t 

factors may not have been included in the model. For 

example, b io logical factors, such as competitive exclusion, 

are typically not captured by habitat su itab ility  models. Those 

factors that are included in the m odel may not actually be 

responsible fo r driving the d is tribu tion  of Scleractin ia, but 

s im ply corre lated w ith  unknown factors. This could mean 

tha t even if a region is predicted as being highly suitable for 

scleractin ians, it does not mean that these cora ls w ill 

actually be found there.

The resu lt tha t dissolved oxygen availab ility is a m ajor 

factor affecting habitat su itab ility  fo r stony corals, and thus 

in fluences th e ir  d is tribu tio n , is s ign ifican t in a g loba l 

oceanographic context. It means that oxygen m in im um  

zones (Helly and Levin, 2004], which can be extensive in 

some parts of the w orlds  oceans, would not be very suitable 

habitat fo r these corals.
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Figure 5.1 : Predicted habitat suitability for seamount stony corals from  0-250 m depth.

Habitat suitability Habitat suitability High percentage values

% % indicate m ore su itab le

0-10 50-60 habitat.

10-20 ■  60-70

20-30 ■  70-80

30-40 ■  80-90

40-50 ■  90-100

A ra g o n ite  is a fo rm  of ca lc iu m  ca rbona te  tha t 

sc te ractin ians use to fo rm  th e ir  hard skeletons. It has been 

speculated tha t stony cora ls  w ill have th e ir  d is tribu tion  

lim ited  by the level of aragon ite  sa tu ra tion  (O rr et al., 2005; 

G uinotte et al., 2006). In the oceans, carbon dioxide and 

carbonate ions react w ith  each o ther to fo rm  bicarbonate 

(Royal Society, 2005). Increased am ounts  of agueous CO2 

(e.g. from  anthropogen ic sources] cause a decrease in the 

ava ilab ility  of carbonate ions, w h ich cora ls  and o ther 

o rg a n ism s  use to bu ild  ca lca reous  ske le to n s  (Royal 

Society, 2005). S im ultaneously, th is  decreases the pH of 

the ocean (makes it m ore acidic). Thus not only are there 

few er resources available w ith  w hich to produce cora l 

skeletons, but they are also dissolved m ore gu ick ly  by 

the h ighe r ac id ity  (Orr et al., 2005). Thus, we w ould expect 

high levels of aragonite  sa tu ra tion  to be su itab le  habitat, 

and th is  is indeed the case. Total dissolved inorgan ic 

carbon, however, is inversely corre la ted  w ith  aragonite

sa tu ra tion , so low  levels provide su itab le  s tony cora l 

habitat.

The m odel output m ust be examined in an appropriate 

context, and the habitat su itab ility  maps in th is chapte r can 

be considered as testable hypotheses. If add itiona l sam pling 

were to be ca rried  out and found sc te ra c tin ia n s  on 

seam ounts outside the ir cu rren t environm enta l envelope, 

then th is  would change the m odel predictions. The m odel 

may pe rfo rm  be tte r in som e reg ions than in o thers. 

Furtherm ore the d is tribu tion  of deep-sea stony cora ls in 

n on -seam oun t regions may be d iffe ren t from  tha t on 

seam ounts.

Previous chap te rs  have b u ilt a p ic tu re  of where 

seam ounts are located, what lives on them  -  in p a rticu la r 

cora ls -  and where corals may be found beyond areas that 

have been sampled. The next step in the seguence is to look 

at what fish species occur on seam ounts, and where 

fisheries for them  have, o r may, occur.
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Figure 5.2: Predicted habitat suitability for seamount stony corals from  250-750 m depth.

Key (above and below)
Habitat suitability Habitat suitability High percentage values

% % indicate m ore su itab le

0-10 50-60 habitat.

10-20 ■  60-70

20-30 ■  70-80

30-40 ■  80-90

40-50 ■  90-100

Figure 5.3: Predicted habitat suitability for seamount stony corals from  750-1 250 m depth.
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Figure 5.4: Predicted habitat suitability for seamount stony corals from  1 250-1 750 m depth.

Key (above and below)
Habitat suitability

/o

0 -1 0
1 0 -2 0
20-30

30-40

40-50

Habitat suitability
%

50-60

60-70

70-80

80-90

90-100

High percentage values 

indicate m ore suitab le 

habitat.

Figure 5.5: Predicted habitat suitability for seamount stony corals from  1 750-2 250 m depth.
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Figure 5.6: Predicted habitat suitability for seamount stony corals from  2 250-2 500 m depth.

Key (above and below)
Habitat suitability Habitat suitability High percentage values

% % indicate m ore suitab le

0-10 50-60 habitat.

10-20 ■  60-70

20-30 ■  70-80

30-40 ■  80-90

40-50 ■  90-100

Figure 5.7: Predicted habitat suitability for stony corals on the sum m its of predicted large seamounts.
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Figure 5.8: Aragonite saturation state (left panels) and dissolved oxygen (right panels). Top panels are at a depth of 
500 m, low er panels at 1 000 m.

Key (left upper and lower) 
Aragonite (pmol kg'1)

Key (right upper and lower) 
Dissolved oxygen (m l I'1)
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6. Seamount fish and fisheries

FISH BIODIVERSITY
Seam ounts support a targe num ber and wide diversity of fish 

species. W ilson and Kaufman (1987) were the firs t to review 

seam ount biota w orldw ide and reported about 450 fishes 

collected from  more than 60 seam ounts. Rogers (1994) 

provided a lis t of 77 co m m e rc ia l species fished on 

seam ounts. Since then, more detailed studies of certa in 

seam oun ts  and seam oun t chains have provided more 

comprehensive species lists. Froese and Sampang (2004) 

compiled a lis t of 535 fish species, which was augmented 

by Morato and Pauly (2004) to a to ta l of 798 species. Most 

of these fish species are not exclusive to seam ounts and 

occur w idely on the con tinen ta l she lf and slope habitat 

(Morato and Clark, in press). Fish com m unities around 

and on seam ounts are therefore complex, being composed 

of pelagic species living in the surface w a te r layers, 

m esopelagic species such as m yctophids occurring  in 

deeper w ater, and species living close to o r on the seabed 

of the seam ount itse lf (som etim es term ed the seam ount 

com m unity; Com m onwealth of Austra lia , 2002). It is known 

that d iffe rent e lem ents of these com m unities may share 

com m on prey species, a lthough the troph ic re lationships 

between d iffe rent groups of fish around seam ounts are 

not w e ll understood at present (e.g. Parin and P ru t’ko, 1985; 

Com m onwealth of Austra lia , 2002).

Seam ounts can be an im portan t habitat fo r com m er-

Bathysaurus mollis, Davidson Seamount, 2 375 m depth; 
ambush predator, (n o a a / m b a r i)

d a lly  valuable species that may form  dense aggregations 

for spawning o r feeding (Clark, 2001; Roberts, 2002; ICES,

2005), and on which a num ber of large-scale fisheries have 

developed. Because many fisheries on seam ounts target 

aggregations, catches can be relatively clean (i.e. they are 

composed of one o r a few species). However, in other 

cases, the by-catch of seam ount fisheries include a variety 

of o ther species that are often discarded (Roberts, 2002). 

Levels of by-catch can be such that non-ta rge t species 

of seam ount can become depleted. For example, records 

over 10 years of the orange roughy fishery on the Chatham 

Rise showed that 13 out of 17 by-catch species recorded 

lower biomass in 1994 compared to 1984 (Clark et al., 2000). 

Depletion of sharks  and rays e ithe r by targeted fishing 

or as by-catch from  deep-sea fisheries is a m ajor cause 

fo r concern (Lack et al., 2003; Royal C om m ission on 

E nv ironm en ta l P o llu tion , 2005; see a lso UN G eneral 

Assembly, 2004b, Paragraphs 47 and 48).

DEEP-WATER FISHERIES DATA
Inform ation on d is tribu tion  and depth ranges of com m ercia l 

fish species were obtained from  global databases available 

on the Internet, nam ely FishBase (w ww.fishbase.org) and 

Ocean B iogeograph ic In fo rm ation  System (OBIS; www. 

iobis.org). Both sources have a num ber of d is tribu tiona l 

maps available, based on point locality in form ation. Fish 

Base also offers facilities to map a projected d is tribu tion ; 

however, location data fo r areas outs ide of na tiona l 

ju risd ic tion  are often m issing, and the maps overestimate 

the potentia l d is tribu tion  for som e species. Both types of 

d is tr ib u tio n a l data were exam ined, and a sub jective  

assessm ent was applied based on expertise and experience 

of one of the con tribu to rs  to th is report (M Clark) to define 

the likely d is tribu tion  of the fish species in areas outside of 

national ju risd ic tion.

The only in te rna tiona l source of g lobal fisheries catch 

data is tha t compiled by the FAO. While FAO sta tis tics  do not 

make a d istinction  between EEZs and areas beyond national 

ju r is d ic tio n , and repo rting  areas are very large, data 

available from  the FAO provides a usefu l input for assessing 

the deep-w ater catch by species in areas outside of national 

ju risd ic tion  in various parts of the w orld  where seam ounts 

are im portan t fishing grounds. C lark et al. (in press) have
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Chimaerid, probably Chim aera monstrosa, Hatton Bank, Northeast Atlantic. By-catch of this group of fish species is a 

m ajor concern related to deep-sea fisheries. (DTi SEA P rogram m e, c/o  Bhavan Narayanaswam y]

used FAO data, together w ith fisheries s ta tis tics and data 

of Soviet, Russian and Ukrainian sc ien tific  research and 

exp lo ra to ry  c ru ises, and pub lished  rep o rts  fo r som e 

seam ount fisheries conducted by Japan, New Zealand, 

A ustra lia , Spain, o ther EU countries and Nam ibia. Personal 

contacts and data extracted by C lark et al. (in press] were 

used in som e cases to provide 'guesstim ates’ of likely 

species com position and catch for some seam ount regions. 

The report by Gianni (2004) on high seas (areas outside of 

national ju risd ic tion ] fishing in genera l was examined for 

some areas where m uch of the high seas catch was thought 

to be from  seam ounts.

The catch figu res given in th is  chap te r are known to be 

incom ple te . Some coun tries ’ data were not available, there 

is known to have been m isreporting  o r non -reporting  of 

catches from  areas outside of nationa l ju r isd ic tio n  in 

the past (e.g. Lack et al., 2003). In addition, m any catch 

s ta tis tics  (e.g. FAO records; catches from  ICES sub-areas] 

are on a scale that does not a llow  the approxim ate location 

to be de term ined, let alone assign the catch to a p a rticu la r 

seam ount. The e ffect of th is  variab le gua lity  is tha t some 

fish ing  may have occurred  outs ide  areas of na tiona l 

ju r isd ic tio n , o r tha t e ffo rt and catch levels in som e areas 

could be m uch higher. Flowever, the com p ila tion  is the 

m ost com prehensive a ttem pted  to date fo r seam oun t 

fisheries, and is believed to give a reasonable ind ica tion of 

the genera l d is tribu tion  of seam oun t catch over the last 

fou r decades.

GLOBAL DISTRIBUTION OF DEEP-WATER FISHES
Current deep-w ater traw l fisheries occur in areas beyond 

national ju risd ic tion  for a num ber of species. These include 

alfonsino (Beryx sp lendens ]; b lack card inalfish (Epigonus 

te lescopus ]; orange roughy (H op lo s te th u s  a tla n tic u s ]; 

boarfish (Pseudopentaceros richardson i]; m acrourid  ratta ils  

(prim arily  roundnose grenadier Coryphaenoides rup e s tris ]; 

oreos (severa l species of the fam ily  O reosom atidae, 

including sm ooth oreo (Pseudocyttus m aculatus], black 

oreo (A llocyttus niger], w arty oreo (A llocyttus  verrucosus ] 

and sp iky oreo (Neocyttus rhom boidalis]. Many of these 

fisheries use bo ttom -tra w l gear. Other fisheries occur over 

seam ounts, such as those fo r pelagic species (mainly tunas] 

and target species for sm a lle r-sca le  line fisheries (e.g. black 

scabbardfish Aphanopus carbo ] (FAO 2004).

The depth d is tribu tion  of these fish species is given in 

Table 6.1. M anyspecies cover a very wide depth range, which 

can vary w ith  the life h istory stage of the species (e.g. 

juveniles are often found in sha llow er depths than adults). 

Typically, the depth range in which fishing takes place is 

sm a lle r than the actual range of the species, as fishers 

target depths where the adu lt fish often aggregate for 

spawning o r feeding. The depth d is tribu tion  of m ost species 

d iffers in various parts of the world, as w ate r m asses vary. 

For example, orange roughy typically occurs on seam ounts 

at depths of 800-1 000 m in the Southwest Pacific and 

southern  Indian Ocean, 500-800 m in the South A tlantic, and 

at g reater than 1 000 m in the N orth Atlantic.

47



Seamounts, deep-sea corals and fisheries

Table 6.1 : Depth distribution of com m ercial fish species on seam ounts
Species Code Scientific nam e Main depth Total depth
(common name)____________________________________________________________________ range (m) *_______ range (m) *
A lfons ino BYX Beryx splendens 300-600 25-1 300

C ard ina lfish EPT Epiqonus telescopus 500-800 75-1 200

Rubyfish RBY Plaqioqenion rubig inosum 250-450 50-600

B lue linq LIN Molva dypterygia 250-500 150-1 000

B lack scabbard fish SCB Aphanopus carbo 600-800 200-1 700

Sab le fish SAB Anoplopoma fim bria 500-1 000 300-2 700

P ink m aom ao MAO Caprodon spp. 300-450 To 500

S ou the rn  boarfish LBO Pseudopentaceros richardsoni 600-900 To 1 000

Pelaqic a rm ou rhead ARM Pseudopentaceros w heeleri 250-600 To 800

Oranqe rouqhy ORH Hoplostethus atlanticus 600-1 200 180-1 800

Oreos 0E 0  (BOE, SSO) Pseudocyttus maculatus, 
Allocyttus n iqe r

600-1 200 400-1 500

B luenose BNS Hyperoglyphe antarctica 300-700 40-1 500

Redfish RED Sebastes spp. IS. m arinus, 
S. m entella, S. p ro riqe rl

400-800 100-1 000

Roundnose q renad ie r RNG Coryphaenoides rupestris 800-1 000 180-2 200

Tooth fish PTO Dissostichus spp. 500-1 500 50-3 850

N oto then id  cods NOT Notothenia  spp. 200-600 100-900

*  M a in  depth  ran g e  re fe rs  to the c o m m e rc ia l fish ing  depths; to ta l depth  ran g e  re fe rs  to the  fu ll know n  d ep th  ran g e  o f a d u lt  

fish  Ifro m  F ishB ase).

The geographical d is tribu tion  of the m ain com m erc ia l 

fish species in the w o r ld ’s oceans is sum m arized  in Table 

6.2. Many have a w idespread occurrence, especially through 

the A tlan tic  Ocean, Indian Ocean and South Pacific Ocean.

A num ber of sou thern  hem isphere species are found in the 

N orth A tlan tic , but do not extend into the N orth Pacific (e.g. 

orange roughy, oreos). Some species are m ore localized to 

the N orth A tlan tic  (e.g. roundnose grenadier, blue ling, and

Table 6.2: Geographical distribution of com m ercial fish species (+ indicates occurrence in that ocean)
Species North South North South Indian Southern
(common name) A tlan tic Atlantic Pacific Pacific Ocean Ocean
A lfons ino + + + + +

C ard ina lfish + + + +

Rubyfish + + +

Blue linq +

B lack scabbard fish + + +

Sab le fish +

Pink m aom ao + +

S ou the rn  boarfish + + + +

Pelaqic a rm ou rhead + + + +

Oranqe rouqhy + + + +

Oreos + + + +

Bluenose + + +

Redfish + +

Roundnose q renad ie r +

Tooth fish + + + +

N oto then id  cods + + + +
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Figure 6.1 : Distribution of (clockwise from  top left) orange roughy, roundnose grenadier, Patagonian toothfish and 

alfonsino. Source: OBIS and FishBase databases

redfishes Sebastes m en te lla  and S. m arinus], and sablefish 

(Anoplopom a fim bria ] occur only in the N orth  Pacific. 

Hence, depending on the ta rge t fish species, certa in  

geographic areas, includ ing parts of areas beyond national 

ju risd ic tion , are more like ly to be searched by fishing 

vessels than others.

D istribu tions of four of the m ost im portan t (for e ither 

th e ir  abundance o r co m m e rc ia l value] seam oun t fish 

species are shown in Figures 6.1 and 6.2. The firs t shows 

recorded location data taken from  OBIS (which is linked to 

FishBase], whereas the second shows the d is tribu tions 

m odelled and generated w ith the Aguam ap function w ith in  

FishBase. Location data fo r areas outside of nationa l 

ju risd ic tion  are poor, because research vessels w ork  m ainly 

in national waters. The m odelled d is tribu tion  of some of 

the species is uncertain. The overa ll d is tribu tion  and relative 

densities predicted are based on lim ited d is tribu tiona l and 

environm enta l data. In some cases they are known to be too 

extensive. However, they do serve as an approxim ate guide 

to the like ly d is tribu tion  when viewed together w ith the 

actual location data. Orange roughy is w idely d istributed 

th roughout the North and South A tlan tic  Oceans (FAO 

areas 27, 47], the m id -sou the rn  Indian Ocean (FAO areas 

51, 57] and the South Pacific (FAO areas 81, 87). The species 

does not extend into the North Pacific, and is un like ly to 

occur in the northern  parts of the Indian Ocean (although 

the m odelling  does suggest the la tte r; cf. Figure 6.2). It 

is freguently associated w ith seam ounts fo r spawning or 

feeding, a lthough it is also widespread over the general

con tinen ta l slope. A lfonsino has a g lobal d istribu tion, being 

found in a ll the m ajor oceans. It is a sha llow er species 

than orange roughy, occurring m ainly at depths of 400 m to 

600 m. It is associated w ith seam ount and bank habitat. 

Roundnose grenadier is restricted to the North A tlan tic  

(FAO areas 21, 27). It occurs on both sides of the North 

Atlantic, as w e ll as on the M id -A tlan tic  Ridge, where aggre­

gations occur over peaks of the ridge. Patagonian toothfish 

(D issostichus eleginoides] -  and in som e areas Antarctic 

too th fish  (D issos tichus  m aw soni] -  have a res tric ted  

southern  d is tribu tion  (FAO areas 48, 58, 88). Having a very 

wide depth range, the species is som etim es associated w ith 

seam ounts, but also genera l slope and large bank features 

(Rogers et al., 2006).

GLOBAL DISTRIBUTION OF MAJOR SEAMOUNT TRAWL 

FISHERIES
The intensive search for fisheries resources on seam ounts 

around the w o rld ’s oceans was in itiated by the fo rm e r Soviet 

Union, and soon a fte r by Japan, in the late 1960s and 1970s 

(Rogers, 1994). Seam ounts w ith concentra tions of fish and 

invertebrates were found in itia lly  in the Pacific Ocean but 

la te r in o ther parts of the A tlan tic  and Indian Oceans, and 

o ffshore seam oun ts  became established  as im p o rta n t 

habitat fo r g lobal fisheries (Figure 6.3). In subseguent 

decades o ther countries such as Korea, and la te r China, 

Cuba, Austra lia  and New Zealand, and countries in the 

European Union and sou the rn  A frica , a lso developed 

fisheries on seam ounts. Table 6.3 shows that in total, the
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Figure 6.2: Predicted distribution of (clockwise from  top left) orange roughy, roundnose grenadier, Patagonian toothfish 

and alfonsino. High probability of occurrence values indicate m ore suitable habitat.

Key (all above)
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in te rna tiona l catch of dem ersa l fishes on seam ounts by 

d is tan t-w a te r fish ing /traw ting  fleets is estim ated to be about 

2 m illion  tonnes of fish since the 1960s (derived from  data in 

C lark et at., in press).

The largest seam ount traw t fisheries have occurred in 

the Pacific Ocean. In the 1960s to 1980s la rge-sca le  

fisheries fo r pelagic arm ourhead and a lfonsino occurred on 

the Hawaiian and Em peror seam ount chains in the North 

Pacific (FAO area 77) (Figure 6.3). In to ta l about 800 000 

tonnes of pelagic a rm ourhead were taken, and about 80 000 

tonnes of a lfonsino. In the southw estern  Pacific (FAO areas 

81, eastern part of 57), fisheries fo r orange roughy, oreos 

and a lfonsino have been targe, and continue to be tocatty 

im portan t. Orange roughy has also been the target of 

fisheries on seam ounts on the Reykjanes M id-A ttantic 

Ridge in the N orth A tlan tic, o ff the west coast of southern 

Africa, and in the sou thw este rn  Indian Ocean. Roundnose 

g renadier was an im portan t fishery fo r the Soviet Union 

in the N orth  A tlan tic  (FAO area 27), where catches have 

been over 200 000 tonnes. S m a lle r fisheries fo r alfonsino, 

m a cke re l and ca rd in a tfish  have occu rred  on various

seam ounts in the m id -A ttan tic  and off the coast of North 

Africa. In the Southern Ocean, fishe ries  fo r too thfish , 

notothen io ids and icefish can occur on seam ounts as wett 

as slope and bank areas. Most of these seam ounts are 

fished w ith  bottom  traw t, but several are also sub ject to 

m id -w a te r traw t and tong-tine fisheries. In m ost cases it 

has not been possible to d istingu ish between bottom  traw t 

and m id -w a te r trawt.

Many of these fishe ries  are h is torica l. Most of these 

fisheries have not been susta inab ly managed, w ith  many 

exam ples of 'boom  and bust’ fisheries, w hich developed and 

declined rapidly, som etim es w ith in  a few years o r a decade 

(e.g. Uchida and Tagami, 1984; Kostow et at., 2000; C lark, 

2001; Lack et at., 2003). A prim e example of this, in areas 

beyond nationa l ju risd ic tion , is the recent fishery  in the 

Southwest Indian Ocean, w hich collapsed a fte r only four 

years in the late 1990s (FAO, 2002; Lack et at., 2003). 

Recovery of sha ttow -w a te r fish stocks tha t have been 

collapsed o r severely depleted have rare ly taken place a fte r 

15 years (Royal Com m ission on Environm enta l Pollution, 

2004). The life h istory cha racte ris tics  of m any deep-w ater 

fish species are m ore conservative than sha llow  w ater 

species (e.g. stow grow th rate, tow rates of na tu ra l m orta lity  

in adu lt fish, late age of sexual m aturity, sporadic repro­

duction, high longevity; Rogers, 1994; Kostow et at., 2000; 

Lack et at., 2003). This m akes the rebu ild ing and recoton- 

ization of previously fished seam ounts extrem ely stow, and 

many have shown no signs of recovery to date (Tracey and 

Horn, 1999; Caittiet et at., 2001 ; Lack et at., 2003).
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Table 6.3: Total estim ated historic catch of m ain com m ercial fish species from  seam ounts, m ajor fishing periods, 
and main gear types used in the seam ount fisheries

Species Total h istorical catch It) Main fishery years G ear type
A lfons ino 166 950 1978-present B o ttom  and m id -w a te r traw l, som e 

lo n q -lin e

C ard ina lfish 52 100 1978-present B o ttom  (and m id -w a te r traw l)

Ru byfish 1 500 1995-present B o ttom  and m id -w a te r tra w l

B lue linq 10 000 1979-1980 B o ttom  tra w l

B lack scabbard fish 75 000 1973-2002 B o ttom  and m id -w a te r tra w l

S able fish 1 400 1995-present (B o ttom  traw l), line

Pink m aom ao 2 000 1972-1976 B o ttom  and m id -w a te r tra w l

S ou the rn  boarfish 9 600 1982-present B o ttom  tra w l

Pelaqic a rm ou rhead 800 000 1968-1982 B o ttom  and m id -w a te r tra w l

Oranqe rouqhy 419 100 1978-present B o ttom  tra w l

Oreos 145150 1970-present B o ttom  tra w l

B luenose 2 500 1990-present B o ttom  and m id -w a te r tra w l

Redfish 54 450 1996-present B o ttom  and m id -w a te r tra w l

Roundnose q renad ie r 217 000 1974-present B o ttom  and m id -w a te r tra w l

Tooth fish 12 250 1990-present B o ttom  tra w l, lo n q -lin e

N oto then id  cods 36 250 1974-1991 B o ttom  tra w l

M ackere l species 148 200 1970-1995 (B ottom ) and m id -w a te r tra w l

Total 2 153 470
Source: C lark et al. [in p ress]

AREAS OF EXPLORATORY FISHING IN AREAS BEYOND 

NATIONAL JURISDICTION
O ffshore seam oun t fish e rie s  in in te rn a tio n a l w a te rs  

genera lly require large freezer traw lers. Such fleets need to 

target aggregations of h igh-value species in order to operate 

economically. For th is reason we have presented d istribu tion 

maps of orange roughy, toothfish and alfonsino, which are 

a ll relatively valuable species. Roundnose grenad ier is of 

lesser value, but can occur in large quantities, and the North 

A tlan tic  region, where th is species is m ost com m only found, 

is readily accessible to traw le rs  compared w ith the southern 

hem isphere oceans.

Over the last decade, exploratory fishing for deep-w ater 

species in many areas beyond national ju risd ic tion  has 

focused on alfonsino and orange roughy on seam ounts. 

Toothfish have also been targeted, a lthough th is species 

occurs in areas under the m anagem ent of the Com mission 

for the Conservation of A ntarctic Marine Living Resources 

(CCAMLR), and illegal, unreported and unregulated (IUU] 

fishing in w aters of the Southern Ocean is the focus of m ajor 

in te rna tiona l preventative m easures. Hence, we do not cover 

th is species here. The two fisheries fo r a lfonsino and orange 

roughy are, to an extent, d iscrete in that they operate at 

d iffe rent depths on seam ounts.

Alfonsino fisheries: approx im a te ly  250-750 m.

C om m ercia lly valuable by-catch species include black 

card inalfish, southern boarfish, bluenose.

Orange roughy fisheries: approxim ately 750-1 250 m. 

C om m ercia lly valuable by-catch species include various 

oreos (black, sm ooth and som etim es spiky).

This depth difference, a lthough not c lear-cu t, can help when 

trying to evaluate seam ounts that could be of com m ercia l 

interest. Seam ounts w ith  a su m m it sha llow er than the 

species d is tribu tion  may s t ill have that species present down 

its slopes, i.e. at grea te r depth than the sum m it. Hence 

seam ounts w ith  sum m its  sha llow er than 750 m can have 

orange roughy at 750 m and deeper down the ir flanks. 

However, a lthough caution needs to be exercised, su m m it 

depth is a useful param eter to examine against the d is ­

tribu tion  of seam ounts in areas beyond national ju risd ic tion. 

The d is tribu tion  of large ones w ith  su m m it depths in the two 

depth ranges are shown in Figures 6.4 and 6.5.

At alfonsino depths (250-750 m), there are seam ount 

chains in the cen tra l and eastern Pacific that are beyond 

areas of national ju risd ic tion, near the Challenger Fracture 

Zone and along the Sala y Gomez Ridge respectively (FAO 

area 87). Further areas w ith fishable seam ounts are at the
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Figure 6.3: Distribution (top panel) and re la tive  size (bottom panel) of m ajor h istorical seam ount fisheries. C ircle size 

in the bottom panel is proportional to the to ta l catch for that one-degree grid square, m axim um  is 85 000 tonnes.
See Table 6.1 fo r codes to the  fish species.
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Figure 6.4: Location of predicted large  seam ounts w ith  sum m it depths betw een 250 m and 750 m, the main depth 

range for alfonsino fisheries.

southw estern  end of the Walvis Ridge and in the Gulf of 

Guinea (FAO area 47] in the South A tlantic; in the Indian 

Ocean along the Southwest Indian Ocean Ridge (FAO area 

51 ] and near the Ninety East Ridge (FAO area 57); along the 

Em peror Seam ount chain (FAO area 77] in the N orth Pacific; 

and south of the Azores in the N orth A tlan tic  (FAO areas 27, 

34). Most of these areas are thought to have been explored, 

o r com m ercia lly  exploited, already.

At orange roughy depths (750-1 200 m], there are 

seam ounts in the South Pacific Ocean, along the Louisville 

Ridge (FAO area 81], and fu rth e r east near the Challenger 

Fracture Zone and Sala y Gomez Ridge (FAO area 87). The 

Walvis Ridge, A tlan tic -lnd ian  Ridge, and southern  end of the 

M id -A tlan tic  Ridge (all FAO area 47] also have seam ounts at 

appropria te depths. In the Indian Ocean, areas of the South­

w est Indian Ridge, N inety East Ridge, and Broken Ridge 

(FAO areas 51, 57] are also at orange roughy depths, but 

towards the northern  lim it of the species d is tribu tion . In the 

North Atlantic, there are features along the M id-A tlan tic  

Ridge from  about 30°N northw ards. Seam ounts fu rth e r 

south into the northern  South A tlan tic  are getting outside 

the geographica l d is tribu tion  of orange roughy.

It is d ifficu lt to determ ine which areas outside national 

ju risd ic tion  have been extensively explored. The data sources 

used by C lark et al. (in press] are known to be incomplete, 

and FAO catch reporting is on a spatia l scale that does 

not a llow  individual seam ounts, c lus te rs  or chains to be 

identified. C lark et al. (in press] have determ ined that some 

of the areas of potentia l seam ount fisheries have been

searched in the late 1980s to 1990s and early 2000s. Where 

large-scale fisheries have not developed, it may be a sign 

tha t com m ercia l concentrations of target species are not 

there. A lternatively, rough patches of sea floo r are com m on 

on seam oun ts , and bo ttom  tra w lin g  may have been 

unsuccessfu l due to gear damage or the bottom  being too 

rough to even a ttem pt traw ling. Modern deep-w ater traw ls 

have large bobbin or rock-hopper ground gear, and together 

w ith advances in navigational and e lectron ic fishing aids 

since the 1980s, these have made traw ling  on rough 

seam ounts m uch more feasible than 20 years ago (Roberts, 

2002; Lack et al., 2003). S m all seam ounts and traw lable 

paths can routine ly be located and fished. Nevertheless,

Spectrunculus grandis, Davidson Seamount, 2 677 m 

depth, 60 cm long. (n o a a / m b a r i |

40 '
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Fig 6.5: Location of predicted large  seam ounts w ith  sum m it depths betw een 750 m and 1 200 m, the m ain depth 

range fo r orange roughy fisheries.

there are s till some lim ita tions on fishers ’ ab ility  to bottom  

traw l on seam ounts. When c lus te rs  of seam ounts occur, 

fish may not be d istribu ted evenly between them , o r may 

only be evident at certa in tim es of the day o r year, and so 

intensive traw ling  may be required to locate com m ercia l 

quantities. Operating costs of large offshore vessels are 

relatively high, and if there are no signs of fish, the vessel 

may move on ra the r than continue to explore a sm a ll area.

Therefore, even where fishing has occurred, there may be 

potentia l fo r sm a ll stocks of deep-w ater species to exist, and 

to support fu ture  exploratory fishing operations.

The depth and geographical d is tribu tion  of the alfonsino 

and orange roughy traw l fisheries overlap w ith the predicted 

d is tr ib u tio n  of large seam oun ts  and deep-sea co ra l 

d istribu tion . The next chapter w ill d iscuss the resu lts  of the 

previous chapters, and bring various sources of in form ation 

together to evaluate the vu lnerab ility  of seam ount benthic 

com m unities to deep-w ater fishing activities.

56



The vulnerability of stony corals on seamounts

7. Assessing the vulnerability of 
stony corals on seamounts

RATIONALE
Corals are a p rom inent com ponent of the seam ount fauna, 

which can be highly diverse and abundant, and may be 

associated w ith  many species new to science. Deep-sea 

cora ls can form  complex bio logical s truc tu res on the seabed 

and thus provide c ruc ia l habitat fo r a diversity of associated 

invertebrates and fish. Up to 100 000 large seam ounts may 

exist in the w o rld ’s oceans, but the fauna of only a sm a ll 

fraction  has been documented.

C om m ercia l fishing has targeted num erous fish species 

on seam ounts, and there is m ounting concern over the 

damage tha t deep-sea traw ling  can cause to the benthic 

co m m u n itie s  th a t live on them . The bio logy and life 

h istories of deep-sea cora ls make them  highly vulnerable 

to bottom  traw ling. The ir destruction can potentia lly  have 

knock-on effects fo r seam ount ecosystems.

Many seam ounts are located in areas beyond national 

ju risd ic tion, and are increasingly targeted by com m ercia l 

fishing activities taking place on the high seas. In the ligh t of 

concern about the im pacts and ecological ram ifica tions of 

fishing on seam ount habitats and the b iological com m un­

ities in these areas, countries and som e stakeholders called 

on in tergovernm enta l bodies to discuss and develop appro­

priate m u ltila te ra l action on a regional and /o r g lobal scale.

The United Nations General Assem bly (UNGA) has 

repeatedly addressed the issue (UN General Assembly, 

2003, 2004a, 2004b, 2005a, 2005b, 2006). In the resolutions 

on 'oceans and the law of the sea ’ and 'sustainable fisheries ’ , 

the UNGA has ca lled upon S tates and in te rn a tio n a l 

organizations to urgently take action to address destructive 

practices that have adverse im pacts on m arine biodiversity 

and vulnerable ecosystems, and to consider the in te rim  

prohib ition of such destructive fishing practices. Common to 

a ll of these ca lls was (i) the need to take action on a sc ientific  

basis, and (ii) the specific m ention ing of seam ounts and 

co ld -w a te r co ra ls  as exam ples of vu lne rab le  m arine  

biodiversity and ecosystems.

Protection of m arine biodiversity in coastal areas w ith in 

EEZs and pa rticu la rly  on the high seas has been weak (e.g. 

Royal Com m ission on Environm ental Pollution, 2004], and 

only 0.5 per cent of the w o rld ’s m arine environm ent is 

curren tly  protected (K im ball, 2005). Elowever, there are 

genera l ob liga tions in the 1982 United Nations Convention 

on the Law of the Sea (UNCLOS] to protect and preserve the 

m arine environm ent and to conserve and manage high seas

A traw led seamount off Tasmania. (T Kostow, c s i r o  M arine 

and A tm o sp h e ric  Research]

living resources (K im ball, 2005). These ob ligations apply 

both w ith in  and beyond waters of national ju risd ic tion. The 

enforcem ent of in te rna tiona l legal regim es on vessels is the 

responsib ility  of flag states. Obligations under UNCLOS are 

also im plem ented through regional agreem ents and, in the 

case of fisheries, through Regional F isheries M anagem ent 

Organizations (RFMOs). UNCLOS (K im ball, 2005], regional 

agreem ents (e.g. OSPAR; see Johnston, 2004] and RFMOs 

have a ll emphasized the regu irem ent to base conservation 

measures on the best sc ien tific  in form ation available. This 

may be justified  because of the risk  of displacing ha rm fu l 

activities, such as deep-sea traw ling, to as yet unexplored 

but potentia lly  more sensitive habitats if decisions are made 

w ith o u t su ffic ie n t sc ie n tif ic  in fo rm a tio n  (ICES, 2006). 

Elowever, lack of sc ien tific  data should not be used as an 

excuse fo r Inactivity and should also be balanced by the app­

lication of the precautionary princ ipa l through ecosystem - 

based m anagem ent practices (Vlerros et al., 2006; WWF,

2006).

The ecological Im portance of cora ls on seam ounts has 

been clearly  dem onstrated through a grow ing body of
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Figure 7.1: Main areas under risk  from  alfonsino  

seam ount fisheries  (250-750  m depth horizon). 
Above: Predicted habitat suitability for stony corals in 

250-750 m depth. High percentage values indicate 

more suitable habitat.
Upper, opposite page: Predicted seamount sum m it 
depths 250-750 m depth.
Low er, opposite page: Seam ounts with known 

historical alfonsino group catches.
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sc ie n tif ic  evidence. S c ien tific  investiga tions have also 

identified that these o rgan ism s and the ir associated bio­

log ica l com m unities are highly vulnerable to fishing. To 

evaluate the vu lnerab ility  of seam ounts to putative im pacts 

by traw ling, the d is tribu tion  of corat habitat needs to be 

com pared w ith  tha t of seam oun t fishe ries  w orldw ide. 

However, corats have only been sam pled from  a sm a ll 

fraction  of seam ounts w orldw ide, w h ils t because of the 

rapid expansion of deep-sea fisheries, a g lobal perspective 

on seam ount conservation is reguired. Scientific surveys of 

seam ount com m unities are extrem ely expensive and tim e- 

consum ing and are un like ly in the sho rt to m edium  te rm  

(tens of years] to identify the m ajority of seam ount habitats 

tha t reguire pro tection  from  h a rm fu l activ ities. In the 

present report, a new approach to identifying the occurrence 

of m arine habitats that are sensitive to p a rticu la r activities -  

in th is case fishing, p rim a rily  by deep-sea bottom  traw ling 

-  has been adopted by sc ien tis ts  w ith in  the CenSeam 

program m e. This approach was to use m odelling  -  based on 

existing observations of the occurrence of stony corats -  to 

predict where seam ounts w ith favourable environm enta l 

conditions fo r the developm ent of diverse corat com m unities

are tikety to occur. Com bining th is  in form ation w ith  the 

known geographical occurrence of com m erciatty valuable 

seam ount fish species identifies which seam ounts are in 

urgent need of m easures to protect biodiversity. A note of 

caution here is that o ther types of corats, particu la rly  

octocorats, and o ther organism s, such as sponges, form  

diverse biological com m unities and have m arkedly d ifferent 

d is tribu tions from  that of stony corats. Thus, w h ils t targe 

areas of the N orth Pacific may be relatively unsuitable for 

stony corats, the area is su itab le fo r octocorats, which form  

corat gardens w ith a high diversity of associated species. 

Octocorat gardens are as vulnerable to fishing activities as 

co td -w ater corat reefs form ed by stony corats.

OVERLAP BETWEEN STONY CORALS AND FISHERIES
A key finding from  the guatitative com parisons of the 

predicted g loba l d is tribu tion  of stony corat hab ita t on 

seam ounts w ith  the d is tribu tion  of seam ount fisheries is the 

considerable spatia l overtap between the tikety d istribu tion 

of stony corats and past, cu rren t and potentia l fu ture 

seam ount fisheries.

The predicted d is tribu tion  of seam ount habitat suitable
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for stony corals (scleractinians) is extensive on a global 

scale. The m ajority  of th is su itab le habitat is located in areas 

beyond national ju risd ic tion , m ainly at depths between 

250 m and 750 m. High levels of oxygen satura tion  and 

aragonite (a fo rm  of ca lcium  carbonate used by cora ls to 

fo rm  hard ske le tons] are am ong the m ost im p o rta n t 

environm enta l factors in determ in ing habitat su itab ility  fo r 

stony corals.

Predicted habitat su itab ility  indicates that seam ounts 

provide cora l habitat m ainly in a band across a ll oceans 

between 20°S and 60°S, and in o ther areas of the A tlan tic

Ocean. In the Atlantic, a large proportion of suitable sea­

m ount cora l habitat lies beyond areas of national ju r is ­

diction, whereas in the Pacific it lies m ostly w ith in  national 

EEZs. In the southern  Indian Ocean, suitable cora l habitat on 

seam ounts appears both w ith in  and outside of areas of 

national ju risd ic tion .

E xam ina tions of seam oun t fish e rie s  in fo rm a tio n  

revealed that the main deep-sea fish species of com m erc ia l 

value have a widespread d is tribu tion , and for at least parts of 

the ir life h istory can be found associated w ith  seam ounts. 

The two fish species of highest com m ercia l value tha t are

57



Seamounts, deep-sea corals and fisheries

targeted on seam ounts in areas beyond national ju risd ic tion  

are alfonsino and orange roughy. F isheries fo r these two 

species are, to an extent, d iscrete in that they operate at 

d ifferent depths: the alfonsino fishery operates p rim arily  

between 250 m and 750 m, w h ils t the fishery for orange 

roughy occurs largely at w a te r depths of 750-1 200 m.

Throughout the w o r ld ’s oceans, there are num erous 

large seam ounts that a] have su m m its  w ith in  the depth 

range of the fish and fisheries; b] are located outside of 

areas of national ju risd ic tion ; and c] lie w ith in  the known or 

predicted d is tribu tion  of alfonsino and orange roughy. Most 

of the areas where these seam ounts occur are thought to 

have already been explored o r com m erc ia lly  exploited, but, 

especially at orange roughy depths, there are seam ounts in 

some areas that appear to be w ith in  the d is tribu tiona l and 

depth range of the species that may not yet have been the 

subject of extensive fishing.

VULNERABILITY OF CORALS ON SEAMOUNTS TO 

BOTTOM TRAWLING
Many long-lived epibenth ic an im a ls such as cora ls have an 

im portan t s truc tu ra l role w ith in  sea floo r com m unities,

providing essentia l habitat fo r a large num ber of species 

(Rogers, 1999; Freiwald et al., 2004; Roberts et al., 2006). 

Conseguently, the loss of such key s tru c tu ra l species lowers 

survivorship and recolonization of the associated fauna, and 

has spawned analogies w ith  forest c lea r-fe lling  on land 

(e.g. W atling, 2005). Such com parisons stem  princ ipa lly  

from  destructive fishing practices that are m ostly in the form  

of bo ttom -contact traw ling. A considerable body of evidence 

on the eco log ica l im pacts  of traw ling  is available fo r 

sha llow  waters (e.g. W atling and Norse, 1998; Flail, 1999; 

Kaiser and de Groot, 2000], but sc ien tific  in form ation on the 

effects of fishing on deep-sea seam ount ecosystems is 

much more lim ited.

The sc ien tific  lite ra tu re  of the effects of fishing on 

seam ount habitat is sum m arized by C lark and Koslow (in 

press). The ir key find ings include:

1. The im pacts of traw ling  on seam ounts have been 

studied m ost intensively w ith in  the EEZs of Austra lia  

and New Zealand (e.g. Koslow et al., 2001; C lark and 

O' Driscoll, 2003).

2. On seam ounts off Tasmania (Austra lia ], the fished 

seam ounts had typically fewer species (reduced byabout

Figure 7.2: Main areas under risk  from  orange roughy  

seam ount fisheries (750-1 250 m depth horizon).
Below: Predicted habitat suitability for stony corals in 

750-1 250 m depth. High percentage values indicate 

more suitable habitat.
Upper, opposite page: Predicted seamount sum m it 
depths between 750-1 250 m depth.
Lower, opposite page: Seam ounts w ith  known historical 
orange roughy group catches.
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half] and had low er biomass of benthic invertebrates (by 

about seven tim es] (Koslow and G o w le tth o lm e s , 1998; 

Koslow et al., 2001 ].

3. On New Zealand seam ounts, the com position of la rger 

ben th ic  inve rteb ra tes  w as d iffe re n t on 'fished ' 

seam ounts, which had a sm a lle r am ount of cora l habitat 

form ed by live Solenosm ilia  variab ilis  and M adrepora  

oculata  than on 'unfished ' seam ounts. In addition, traw l 

m arks were observed over six tim es m ore frequently on 

seabed im ages from  'fished ' seam ounts (Clark and 

O' Driscoll, 2003, Rowden et al., 2004).

The in tensity of traw ling  on seam ounts can be very high. For 

example, Soviet fishing e ffo rt fo r pelagic arm ourhead on 

relatively few seam ounts in the Southern Em peror and 

N orthern  Flawaiian Ridge system  was around 18 000 traw le r 

days during the period from  1969 to 1975 (Borets, 1975). 

Koslow et al. (2001) and C lark and O’D risco ll (2003) have 

reported  th a t between severa l hundred and severa l 

thousand traw ls  have been carried out on sm a ll seam ount 

features in the orange roughy fisheries around A ustra lia  and 

New Zealand.

S im ilarly, O’D risco ll and C lark (2005) docum ented that
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the to ta l length of bottom  tows per square k ilom etre  of 

seam ount area off New Zealand averages 130 km  of traw led 

sea floor. Such intense fishing m eans that the sam e area of 

the sea floo r can be repeatedly traw led, causing long -te rm  

damage to the cora l com m un ities  and preventing any 

recovery o r recolonization.

The im pact of traw ling  on sea floo r biota can d iffe r 

depending on the gear type used. Inform ation about the 

potentia l im pact of traw ling  practices fo r alfonsino, where 

m id -w a te r traw ls  are often used on seam ounts, is cu rren tly  

lacking. M id -w ater traw ls  may have only a sm a ll im pact if 

they are deployed w e ll above the sea floor. However, in many 

cases the gear is m ost effective when fished very close to, or 

even ligh tly  touching, the bottom . Thus, it is likely that the 

effects of the alfonsino fisheries on the benthic fauna would 

be s im ila r to that of the orange roughy fisheries.

WHERE ARE THE MAIN AREAS OF RISK AND CONCERN?
The spatia l extent of the likely vu lnerab ility  of seam ount 

b iod ive rs ity  on seam oun ts  in areas beyond na tiona l 

ju risd ic tion  can be gauged by com bining the three sets of 

in form ation (Figures 7.1 and 7.2] produced in th is study:

1. the predicted g lobal d is tribu tion  of suitable habitat fo r 

stony (scleractin ian) corals;

2. the location of predicted large seam ounts w ith sum m its  

in depth ranges of the fishery for a lfonsino (250 m - 

750 m] and orange roughy (750 m-1 250 m); and

3. the d is tribu tion  of the fishing activity on seam ounts for 

these two species.

The spatia l overlaps h igh ligh t a broad band of the southern 

Atlantic, Pacific and Indian Oceans between about 30°S and 

50°S where there are num erous seam ounts at fishable 

depths, and high habitat su itab ility  fo r cora ls at depths 

between 250 m and 750 m, and again (but som ew hat 

narrow er] between 750 m and 1 250 m depth. There are also 

some areas of overlap in the N orth A tlan tic  Ocean.

This spatia l concordance of fishable seam ounts w ith in 

the depth band of orange roughy suggests there could be 

fu rth e r com m erc ia l exploration for orange roughy fisheries 

on seam ounts in the cen tra l-easte rn  southern Indian Ocean 

(as evidenced by the Southwest Indian Ocean fisheries rush 

between 1998 and 2003], the southern portions of the M id- 

A tlan tic  Ridge in the South A tlantic, and some regions of the 

sou the rn -cen tra l Pacific Ocean. Im portantly, since these 

areas also contain habitat suitable for stony coral, im pacts 

on deep-w a te r cora ls  -  and seam ount ecosystem s in 

genera l -  are like ly to arise in such a scenario. It is uncertain 

w hether fisheries exploration w ill expand further. Often, fish 

aggregations are very localized, and given the large num ber 

of seam ounts and sm a lle r features in the oceans, they may 

be d ifficu lt to locate. Hence, there may be fu rth e r fisheries

potentia l, but if stocks are sm a ll and localized, they may not 

curren tly  be econom ic.

Thus, th is study has fo r the firs t tim e revealed the global 

scale of the likely vu lnerab ility  of stony (scleractin ian] corals 

on seam ounts -  including hab ita t-fo rm ing  species, and by 

proxy a diverse assemblage of o ther species -  to the im pacts 

of traw lin g  on seam oun ts  in areas beyond na tiona l 

ju risd ic tion . This report provides som e of the best sc ientific  

evidence to date to support the need for m anagem ent 

practices on the high seas to protect seam ounts vulnerable 

to the adverse effects of deep-w ater fishing.
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8. A Way Forward

HOW CAN THE IMPACT OF FISHING ON SEAMOUNTS BE 

MANAGED IN AREAS BEYOND NATIONAL JURISDICTION?
The Report of the Secretary-G eneral on Oceans and the Law 

of the Sea (2003], Paragraph 183, states:

'...fisheries governance has focused its a ttention  on 

reducing fish ing efforts, im proving com pliance w ith and  

e n fo rce m e n t o f conse rva tion  and  m an a g e m en t 

m easures established by reg iona l fisheries bodies.... The 

in te rna tiona l com m un ity  has ye t to devote su ffic ien t 

a tte n tio n  to the p ro te c tio n  o f vu lne rab le  m a rin e  

ecosystem s from  the adverse im pacts o f fish ing and non­

fish ing activities, an im p o rta n t step tow ards fisheries  

conservation w ith in  an ecosystem -based m anagem ent o f 

capture fisheries. '

Exam ples of vu lne rab le  m arine  ecosystem s in th is  

docum ent include seam ounts (Report of the Secretary- 

General, 2003, Paragraph 180). In 2005 the Secretary- 

General published a fu rth e r report deta iling  deep-sea 

ecosystems, threats to the m arine environm ent and the 

legal fram ew ork associated w ith  protecting the m arine 

environm ent both w ith in  and beyond waters of national 

ju risd ic tion  (Report of the Secretary General, 2005).

This report has reviewed sc ien tific  evidence that where 

seam ounts, deep-sea cora ls and fisheries come together, 

there is a need fo r m anagem ent. It has also dem onstrated 

that deep-sea corals, and by proxy benthic com m unities, on 

as yet unexplored/unfished seam ounts in areas beyond 

national ju risd ic tion  are at risk from  the potentia l expansion 

of alfonsino and orange roughy fisheries. Conseguently, it is 

sensible fo r appropria te m anagem ent strateg ies to be in 

place p rio r to these fisheries being established, so as to 

prevent the adverse effects of fishing on these seam ount 

ecosystems.

M anagem ent in itiatives for seam ount fisheries w ith in 

nationa l EEZs have increased in recent years. Several 

countries, such as New Zealand and Austra lia , have closed 

seam ounts to fisheries, established habitat exclusion areas 

and stipu lated m ethod restrictions, depth lim its , individual 

seam ount catch guotas and by-catch guotas (e.g., Sm ith, 

2001; C om m onw ealth  of A ustra lia , 2002; Gianni, 2004; 

Gjerde, 2006; Brodie and Clark, 2004; Melo and Menezes,

2003).

In com parison , fish e rie s  beyond areas of na tiona l 

ju risd ic tion  have often been entire ly unregulated (FAO, 2004;

I
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Benthodytes sp. (sea cucumber), Davidson Seamount,
2 789 r n .  (NOAA/MBARIl

Gianni, 2004; Gjerde, 2006). There are 12 Regional Fisheries 

M anagem ent Organizations (RFMOs) w ith responsib ility  to 

agree on binding m easures that cover areas beyond national 

ju r is d ic tio n  (K im ba ll, 2005], in c lud ing  som e of the 

geographical areas identified in th is report tha t m ight see 

fu rth e r expansion of exploratory fishing fo r a lfonsino and 

orange roughy on seam ounts. However, it should be noted 

tha t only the five RFMOs for the Southern Ocean (CCAMLR], 

N orthw est A tlantic  (NAFO), Northeast A tlan tic  (NEAFC], 

Southeast A tlan tic  (SEAFO) and the M editerranean (GFCM1] 

curren tly  have the legal competence to manage m ost o r a ll 

fish e rie s  resources w ith in  th e ir  areas of app lica tion , 

includ ing the m anagem ent of deep-sea stocks beyond 

national ju risd ic tion  (K im ball, 2005], The o ther RFMOs have 

competence only w ith  respect to p a rticu la r target species 

like tuna o r sa lm on (K im ball, 2005], SEAFO covers parts of 

the eastern South A tlantic  where exploratory fishing has 

occurred in recent decades, and where fu rth e r traw ling 

could occur. However, the western side of the South A tlan tic  

is not s im ila rly  covered by an in te rna tiona l m anagem ent 

organization. There have been recent e fforts  to improve 

cooperative m anagem ent of fisheries in the Indian Ocean, 

although there are no areas covered by an RMFO. In addition, 

e fforts  are underway, for example in the South Pacific, to 

establish a new regional fisheries convention and body that 

would f i l l  a large gap in global fisheries m anagem ent.
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F arrea  sp., a sponge that blankets large areas at or near 

crests on Davidson Seamount (1 400 m); associated with  

crabs, basket stars, seastars and brittle  stars.
(NOAA/MBARI]

In l ig h t of the rece n t In te rn a tio n a l d ia logues  

concern ing  the conservation and susta inab le  m anage­

m ent and use of b iod ivers ity  In areas beyond na tiona l 

ju r is d ic tio n  held w ith in  and outside the United Nations 

system  (Report of the Secre tary-G enera l, 2003 and 2005; 

CBD, 2004; K im ba ll, 2005], va rious fishe ries  bodies (e.g. 

NEAFC, NAFO, SEAFO] are m ore active ly updating th e ir 

m andates and Includ ing ben th ic  p ro tection  m easures as 

pa rt of th e ir  fish e rie s  m anagem ent po rtfo lio . Very recent 

In itia tives Include the fo rm a tion  of a S outhw est Indian 

Ocean F isheries C om m ission. There have a lso been recent 

p roposa ls by Industry  to designate  large vo lun ta ry  Benth ic 

Pro tection Areas (BPAs). These are areas tha t are closed 

to bo ttom  traw lin g  p rim a rily  to p ro tect the ben th ic  fauna 

but a lso to preserve areas of ou tstand ing  sc ie n tific  In te rest 

and p o ten tia lly  to act as a refuge fo r co m m e rc ia l fish 

species. In genera l, they have been proposed to give a wide 

re p re se n ta tive  coverage of g e o lo g ica l s tru c tu re s , 

se d im e n t overlays, bo ttom  types and ben th ic  hab ita t 

types. The New Zealand d e e p -w a te r fish ing  Industry  

has proposed BPAs m a in ly  Inside the New Zealand 

EEZ but som e of w h ich a lso encom pass areas outside 

of the n a tio n a l EEZ. The S ou th e rn  Ind ian Ocean 

D eepw ater F isheries O perators A ssocia tion (SIODFOA) 

has also proposed a nu m b e r of BPAs In the sou the rn  

Indian Ocean.

It appears th a t a grow ing  leg is la tion  and policy 

fram e w o rk , Inc lud ing  an expanding RFMO netw ork , 

pa rticu la rly  In the southern  hem isphere, could enable the 

adeguate protection of and m anagem ent of the risks to 

vulnerable seam ount ecosystem s and resources Identified

In th is  report. In order to be successful, a num ber of 

challenges w ill have to be overcome, Including:

1. Establishing adeguate data reporting regu lrem ents fo r 

co m m e rc ia l fish ing  flee ts. Some unregu la ted  and 

unreported fishing activities take place, even In areas 

where there are w e ll-de fined  fishery codes of practice 

and a llowable catch lim its  (e.g. Patagonian toothfish 

fishery). Some countries regulre vessels registered to 

them  to report detailed catch and e ffort data, but many 

do not. Therefore It Is d ifficu lt at tim es to know where 

certain landings have been taken.

2. Ensuring com pliance w ith measures, especially In areas 

that are fa r offshore and where vessels are d ifficu lt to 

detect. Compliance m onitoring  Is also an acute problem  

In southern hem isphere high seas areas, where there 

are no guotas for offshore fisheries.

3. Facilitating RFMOs, w here necessary, to undertake 

ecosystem -based m anagem ent of fisheries on the high 

seas.

4. Establishing, where appropriate, dialogue to ensure free 

exchange of Inform ation between RFMOs, governm ents, 

conservation bodies, the fishing Industry and scientists 

w orking on benthic ecosystems.

The experiences gamed by countries In the protection of 

seam oun t env ironm en ts  In th e ir  EEZs and In the 

m anagem ent of the ir national deep-w ater fisheries can 

provide usefu l case examples for the approach to be taken 

under RFMOs. Other regional bodies, such as Regional Sea 

Conventions and Action Plans, m ight be able to provide 

lessons learned from  regional cooperation to conserve, 

protect and use coastal m arine ecosystem s and resources 

sustainably, Including the Im plem entation of an ecosystem 

approach In oceans m anagem ent and the es tablishm ent of 

m arine protected areas (MPAs) (Johnston and Santlllo,

2004). Regional Sea Conventions and Action Plans also 

provide a fram ew ork  fo r raising awareness of cora l habitats 

In deep w a te r areas u nder na tio na l ju r is d ic tio n , and 

coo rd ina ting  and su p p o rtin g  the e ffo rts  of Ind iv idual 

countries to conserve and manage these ecosystems and 

resources susta inably (e.g. ICES, 2005, 2006).

In calling for urgent action to address the Im pact of 

des truc tive  fish ing  p ractices on vu lne rab le  m arine  

ecosystem s, Paragraph 66 of UN G enera l A ssem bly 

Resolution 59/25 (UN General Assembly, 2005b] places a 

strong em phasis on the need to consider the guestlon of 

bo ttom -tra w l fishing on seam ounts and o ther vulnerable 

m arine ecosystems on a sc ien tific  and precautionary basis, 

consis tent w ith  In te rna tiona l law. In th is  regard, It Is
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im portan t to recognize the rote of science and the extent that 

sc ien tific  in form ation, or tack thereof, is a prerequisite for 

m anagem ent action.

The UN Fish Stocks Agreem ent (FSA) A rtic les 5 and 6 -  

'General princ ip les ’ and the App lica tion  of the precautionary 

approach’ (K im ball, 2005] also establish c lear obligations 

for fisheries conservation and the protection of m arine 

biodiversity and the m arine environm ent from  destructive 

fishing practices. The A rtic les also establish that the use 

of science is essentia l to m eeting these objectives and 

obligations.

A rtic le  5(k] ca lls on States to prom ote and conduct 

sc ien tific  research in support of fishery conservation and 

m anagem ent, and A rtic le  6.3(a) requires States to improve 

decision m aking by obtaining and sharing the best sc ien tific  

in form ation available and im plem enting improved tech ­

niques fo r dealing w ith risk and uncertainty. A rtic le  5(d) ca lls 

on States to assess the im pacts of fishing on target stocks 

and species belonging to the sam e ecosystem, or those 

associated w ith or dependent upon the target stocks. And 

A rtic le  6.3(d) ca lls fo r the developm ent of data collection and 

research p rogram m es to assess the im pact of fishing on 

non-ta rge t and associated or dependent species and the ir 

environm ent, and for adopting plans necessary to ensure the 

conservation of such species and to protect habitats of 

specia l concern (K im ball, 2005).

At the same tim e, the FSA recognizes that sc ientific  

understanding may not be complete or comprehensive, and 

in such circum stances, caution m ust be exercised. A rtic les 

6.2 and 6.3(c) require taking into account uncerta in ties 

relating to the im pact of fishing activities on non-target 

and associated o r dependent species -  that States be 'm ore 

cau tious ’ when in fo rm a tion  is uncerta in , unre liab le  or 

inadequate. The absence of adequate sc ien tific  in form ation 

sha ll not be used as a reason for postponing o r fa iling to take 

conservation and m anagem ent measures.

A precautionary approach, consistent w ith  the general 

p rincip les fo r fisheries conservation contained in the FSA, as 

w e ll as the UN FAO Code of Conduct fo r Responsible 

F isheries and the princip les and obligations for biodiversity 

conservation in the Convention on B io log ica l D iversity 

(K im ball, 2005], would require the exercise of considerable 

caution in relation to perm itting  o r regulating bo ttom -traw l 

fishing on the high seas on seam ounts. This is because of 

the widespread d is tribu tion  of stony cora ls and associated 

assem blages on seam ounts in many high seas regions, and 

the likelihood that seam ounts at fishable depths may also 

contain  o th e r species vu lne rab le  to deep-sea bottom  

traw ling even in the absence of stony corals. In th is regard, 

a prudent approach to the m anagem ent of bo ttom -traw l 

fisheries on seam ounts on the high seas would be to firs t 

ascertain w he ther vulnerable species and ecosystems are

associated w ith a pa rticu la r area of seam ounts of potentia l 

in terest fo r fishing, and only then perm itting  w e ll-regu la ted  

fishing activity provided tha t no vulnerable ecosystems 

would be adversely impacted.

FURTHER AND IMPROVED SEAMOUNT RESEARCH
The conclusions of th is report apply only to the association 

of stony corals w ith large seam ounts. In order to consider 

o ther taxonom ic groups on a w ider range of seam ounts, 

fu rth e r sam pling and research is required.

Development, im p lem enta tion and review of effective 

m anagem ent m easures rely on sound sc ien tific  data and 

assessments. As already acknowledged in Princip le 15 of 

the Rio D eclaration on Environm ent and Development 

(Agenda 21], gaps in in fo rm ation  and knowledge often cause 

a lack of fu ll sc ien tific  certa inty, and a precautionary 

approach has to be applied to protect the environm ent from  

threats of serious or irreversib le damage and to prevent 

environm enta l degradation. UN General Resolutions 59/24 

(Paragraph 81] and 60/30 (Paragraph 85] (UN General 

Assembly, 2005a, 2006] ca ll fo r sc ien tific  research to: 

'...improve understand ing and know ledge o f the deep 

sea, including, in particu la r, the extent and vu lnerab ility  

o f deep-sea biodiversity and ecosystems... '

The preparation of th is report has identified a num ber of 

shortcom ings and gaps in the data and in ou r knowledge 

of seam ounts, deep-sea cora ls and fisheries. These gaps 

need to be addressed and closed in o rder to answ er 

questions from  policy m akers, m anagers and sc ientis ts  -  

answers that at present cannot be provided at the required 

level of certainty.

Anthom astus  sp. (mushroom soft coral), Davidson 

Seamount, 1 580 m. (n o a a /m b a r i]
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These include:

1. Obtain b e tte r seam oun t location in fo rm a tion : The two 

m ost recent seam ount position datasets, based on 

sa te llite  a ltim e try  m easures, both contain location 

in form ation fo r about 15 000 predicted large seam ounts. 

This num ber is thought to be an underestim ate, w ith 

extrapolative technigues predicting the g lobal seam ount 

num ber to be 100 000. F isheries often operate on much 

sm a lle r seam ounts, but such seam ounts cannot be 

iden tified  by la rge -sca le  rem ote sensing m ethods. 

Flowever, it w ill be possible, w ith  more extensive sate llite  

m easu rem en ts  of the E a rth ’s ocean surface  w ith  

improved a ltim e try  technology (to reduce loss of signal 

by wave ’no ise ’] and c loser spacing of sa te llite  tracks, to 

greatly improve location data for large seam ounts.

2. A ddress g eograph ic  data gaps: Fewer than 300 

seam ounts have been biologically surveyed worldw ide, 

which represents a very sm a ll (less than 2 per cent] 

fraction of existing seam ounts in the w o rld ’s oceans. 

Only 80 of these seam oun ts  have had at least a 

m oderate level of sam pling, and far fewer have received 

sa m p ling  s u ffic ie n t to cha rac te rize  the b io log ica l 

com m un ities  present. Thus, the fauna on the vast 

m ajority  of seam ounts rem ains unknown. Past surveys 

have tended to concentrate on a few geographic areas 

(e.g. N orth A tlantic, Southwest Pacific], while few data 

exist fo r seam ounts in o ther regions such as the Indian 

Ocean and the Southern Ocean. A lthough seam ounts 

are pa rticu la rly  com m on in the tropics, existing data 

come m ostly from  tem perate regions at h igher latitudes, 

and therefore the biological com m unities of trop ica l 

seam ounts remain poorly documented fo r large parts of 

the oceans. Most b io logical surveys on seam ounts have 

been relatively sha llow  (e.g. m ostly less than 1 500 m], 

and thus the great m a jo rity  of deeper seam ounts 

rem ains la rge ly unexplored. Field p rog ram m es are 

reguired to address these deficiencies.

3. Inclusion o f o the r deep-sea habitats: To assess to what 

degree seam oun ts  p resen t 'u n igu e ' ecosystem s, 

comparative data are reguired from  o ther deep-sea 

environm ents such as the abyssal pla ins surround ing 

seam oun ts , and d irec t com parisons  w ith  slope 

env ironm en ts  -  p a rtic u la r ly  is land s lopes and 

continenta l m argins. Thus, field p rogram m es should 

ta rge t both seam oun ts  and such com para tive  

environm ents whenever possible.

4. A ssessm en t o f the spa tia l sca le  o f variab ility : The 

d is trib u tio n  of deep-sea co ra ls  and o th e r ben th ic  

invertebrate fauna on seam ounts is like ly to be patchy at

a range of spatia l scales -  fo r example, on a seamount, 

and w ith in  and between seam ounts on d iffe rent c luste rs 

and chains. Very few individual seam ounts have been 

comprehensively surveyed to determ ine the variab ility  of 

faunal assem blages w ith in  a single seam ount, where, 

for example, sm a ll-sca le  differences may occur between 

hard and so ft substrates. It is im portan t to understand 

the spatia l scales at which variation in fauna com m unity  

com position occurs, in o rder to develop m anagem ent 

s trateg ies tha t ensure the effective protection of this 

level of b iodiversity and associated ecosystem function.

5. A va ilab ility  o f data: For many seam ount studies, only 

sum m ary data are publicly available. Analysis of species 

d is tr ib u tio n  pa tte rn s  and s tud ies  on assem blage 

com position across d iffe rent seam ounts and regions 

does, however, reguire access to species catch data for 

individual s ta tions and /o r sam ples (i.e. non-aggregated 

data). In addition, many seam ount studies are contained 

in the 'grey lite ra tu re ’ and not always readily accessible. 

Increased accessib ility of fu ll (non-aggregated] datasets 

from  seam ount expeditions (after an appropriate tim e 

to publish] through searchable, integrated databases 

like Seam ountsO nline and the Ocean Biogeography 

Inform ation System (OBIS) is reguired.

6. Collection m ethods: While d iffe ren t gear types are 

reguired to sam ple different types of faunal assem b l­

ages (e.g. o tte r traw ls  fo r fish, benthic sleds and dredges 

for m acro-invertebra tes], past studies have also used 

different gear types for the same faunal group. Since 

different co llecting gears have d iffe rent perform ances, 

often com pounded by d iffe rences in dep loym ent 

technigues and operations, d irect com parisons of data 

may be confounded to som e (unknown] degree. A 

m in im u m  set of standard ized  seam oun t sam p ling  

protocols should be adopted as w idely as possible by 

seam ount sam pling program m es.

7. Taxonomic reso lu tion : D ifferent taxonom ists (scientists 

who c lass ify  liv ing th ings ] o r d iffe re n t g roups of 

taxonom ists often w ork  on collections from  different 

seam ount studies. In fact, m uch of past and curren t 

seam oun t research re lies  fu n da m e n ta lly  on the 

availability of specialized taxonom ic expertise, a c ritica l 

resource that continues to decline globally. Datasets 

may need care fu l taxonom ic in te rca lib ra tion  before 

regional and global analysis can be undertaken w ith 

confidence. S im ila rly , fo r som e fauna l groups, few 

taxonom ic specia lists are available, often lim iting  the 

scope of analysis. More funding fo r existing taxonom ic 

experts and tra in ing of new taxonom ists -  particu la rly
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fo r faunal groups that are curren tly  poorly analysed 

globally -  is reguired. This provision should also enable 

the research com m unity  to analyse specim ens collected 

across m u ltip le  seam ounts in m ultip le  program m es.

8. Increase genetic  stud ies: One of the c ritica l guestions 

for seam ount conservation is w he ther they support 

isolated populations and, if so, on what scale that 

iso la tion  occurs. G enetic s tud ies  can in fo rm , fo r 

example, w hether a single seam ount is an appropriate 

scale fo r protection, or w he ther m u ltip le  seam ounts in a 

chain have connected popu la tions and shou ld  be 

protected.

9. Assessm ent o f traw ling  im pacts: B etter stud ies on the 

im pacts of traw ling  are needed. Studies to date on 

seam ounts and in the deep sea have been lim ited. More 

and improved studies would improve ou r understanding 

of the extent to which the large fauna associated w ith 

cora ls  and o th e r s tru c tu re -fo rm in g  o rgan ism s are 

impacted. Studies should also investigate the nature of 

im pact from  d iffe rent gear types, so that fishing gear can 

be optim ized to reduce damage to the benthic fauna, 

while s t ill catching fish effectively.

10. Recovery fro m  tra w lin g  im p ac ts : B o ttom  fish ing  

undoubtedly has severe im pacts on seam ount biota, 

pa rticu la rly  corals. The physical destruction  caused by 

bottom -con tact fishing gear is clearly visible on the 

seabed, and the rem oval of co ra ls  has s ign ifican t 

conseguences fo r the biodiversity and biomass of the 

associated fauna. It is, however, not known how long 

these com m unities take to recover from  fishing im pacts 

and w hat the tra jecto ry of any such recovery may be. 

Based on the slow  grow th and longevity of deep- 

sea cora ls , recovery of co ra ls  is p red ic ted to be 

extrem ely slow, but is essentia lly unknown for field 

s ituations. However, such in fo rm ation  on the tim e and 

nature of recovery (if any] is essentia l fo r ecosystem - 

based fisheries m anagem ent on seam ounts, and for 

evaluating the effic iency of MPAs on seam ounts. Thus it 

is essentia l tha t the tim e fram es and nature of recovery 

be documented.

11. F un c tio n a l u n d ers tand ing : Our unders tand ing  of 

seam ount biota has improved over the last few decades, 

but m any of these advances have been made in 

docum enting  s tru c tu ra l p rope rties  of seam oun t 

com m un ities  (e.g. species com position, d is tribu tion , 

growth rates, etc.). By contrast, much less is known 

about the processes operating in seam ount ecosystems 

and how functiona l aspects of seam ount assemblages

Neolithodes, Davidson Seamount, 1 319 m. (n o a a /m b a r i]

may be altered by hum an activities. Therefore, future 

research should include aspects of com m unity  and 

ecosystem processes such as:

O food-web arch itecture  on and above seam ounts;

O linkages of the bottom  fauna w ith w ate r-co lum n 

and geological processes;

O m echanism s and rates of rec ru itm en t (addition of 

o rganism s through reproduction or im m igra tion ] 

to seam ount com m unities (e.g. larval d ispersion, 

retention, oceanographic drivers of recru itm en t 

variability, etc.);

O processes p rom o ting  increased p rim a ry  and 

secondary production on seam ount and coupling 

to sea floo r com m unities;

O troph ic  (food-chain) links  between seam oun t- 

associated fish and prey populations; and 

O the relative role of cora ls and o ther s truc tu re - 

fo rm ing  fauna in p rom oting  b iod ive rs ity  and 

providing essentia l habitat fo r fish.

12. F isheries in fo rm ation : At present, data co llection from  

fish ing  vesse ls ope ra ting  in areas beyond na tiona l 

ju risd ic tion  is largely ad hoc, and FAO records also appear 

incom plete fo r many offshore fisheries. It is im portan t fo r 

effective m anagem ent of such fisheries to obtain accurate 

in form ation on w hat is being caught, how m uch, and where. 

W ith seam ount fisheries, th is reguires location data on a 

sm a ll-sca le  (individual tow data, recorded to at least a 1 

m inute of a degree accuracy], so tha t fishing on individual 

seam ounts can be identified.

W ithout a concerted e ffo rt by a num ber of organizations, 

ins titu tions, consortia  and ind iv iduals to attend to the 

identified gaps in data and understanding, the ability of any 

body to effectively and responsibly manage and m itigate the 

im pact of fishing on seam ount ecosystem s w ill be severely 

constrained. Considering what th is report has revealed 

about the vu lnerab ility  of seam ount biota -  particu la rly  

deep-sea cora ls -  to fishing, now is the tim e for th is 

collaborative e ffort to begin in earnest.
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Acronyms

CCAMLR Com m ission for the Conservation of A ntarctic Marine Living Resources 

CoML Census of Marine Life

DAWG Data Analysis W orking Group

DSL Deep Scattering Layer

EEZ Exclusive Economic Zone

ENFA Environm ental Niche Factor Analysis

GLODAP Global Ocean Data Analysis Project

ET0P02 Used to describe a 2-m inu te  g lobal bathym etry grid generated from  a com bination of sources

including sate llite  a ltim e try  observation and shipboard echo-sounding m easurem ents 

ERS1 European Rem ote-Sensing Satellite-1

FAO Food and A gricu ltu re  Organization of the United Nations

GEBCO General Bathym etric Chart of the Oceans

GFCM General Fisheries Com mission for the Mediterranean

GLM Generalised L inear Model

GLODAP Global Ocean Data Analysis Project

ICES In ternational Council fo r the Exploration of the Sea

IH0 In ternational Elydrographic Organization

IOC In ternational Oceanographic Com mission

NAFO N orthw est A tlan tic  Fisheries Organization

NEAFC N ortheast A tlan tic  Fisheries Commission

OBIS Ocean Biogeographic In form ation System

RFMO Regional Fisheries M anagem ent Organizations

SAUP Sea Around Us Project

SEAFO Southeast A tlan tic  Fisheries Organization

SODA Simple Ocean Data Assim ila tion

SWIOFC Southwest Indian Ocean F isheries Com mission

NOAA National Oceanic and A tm ospheric  Adm in is tra tion  (USA)

UN United Nations

UNEP United Nations Environment Program m e

UNGA United Nations General Assembly

VGPM Vertically Generalized Production Model

WOA World Ocean Atlas

WOCE World Ocean C ircu lation Experim ent
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Glossary

Algae: a group of p lan ts  (i.e. capable of photosynthesis] 

th a t o ccu r in aq u a tic  h a b ita ts , o r in m o is t 

env ironm ents  on land.

Anthozoa: A c lass of an im a ls  w ith in  the Cnidaria tha t 

con ta ins the corals and anem ones.

Antipatharia: An o rde r w ith in  the Anthozoa (sub-c lass 

Hexacorallia], the so -ca lled  b lack cora ls.

A ragonite: A fo rm  of c a lc iu m  ca rbona te  used by 

sc le rac tin ian  cora ls  to bu ild  th e ir  ske le tons.

Ascidians: a c lass of an im a ls  (Ascidiacea], the sea squ irts .

Azooxanthellate: w ith o u t Zooxanthellae.
Beam traw l: A tra w l in w hich the ho rizon ta l opening is 

m ainta ined  by a wood or m e ta l beam.

Benthic: Related to the sea floor, inc ludes fauna and flo ra  

tha t live on o r in the seabed.

Biodiversity: (1) The nu m b e r and varie ty  of o rgan ism s 

found w ith in  a specified  geograph ic  region; (2) 

The va riab ility  am ong liv ing o rgan ism s inc lud ing  

w ith in  and betw een spec ies  and w ith in  and 

between ecosystem s.

Biota: The p lan t and an im a l life of a region.

Bottom traw ling: M ethod of traw ling  w here the net 

rem a ins in con tact w ith  the sea flo o r -  can 

com prise  m u ltip le  nets i.e. tw in -rig g e d  traw ls .

Chlorophylls: A g roup  of green p ig m e n ts  found in 

p h o to syn th e tic  o rg a n is m s  in c lu d in g  p h y to ­

p lankton  tha t absorb energy from  sun ligh t.

Cnidaria: Phylum  of m o re -o r- le ss  rad ia lly  sym m e trica l 

in ve rte b ra te  a n im a ls  th a t la ck  a tru e  body 

cavity, possess ten tac les  studded w ith  nem a- 

tocysts (sting ing s tru c tu re s ], and inc lude  the 

hydroids, je lly fishes , sea anem ones and cora ls. 

Synonom ous w ith  the Coelenterates.
Coelenterates: See Cnidaria.
Corals: A group of ben th ic  anthozoans th a t can exist as 

in d iv id u a ls  o r in co lo n ie s  and m ay secre te  

ca lc ium  carbonate  exte rna l ske le tons. C orals can 

be found in the pho tic  zone (w ith sym b io tic  

zooxanthellae] as w e ll as in the deep sea, the so 

called co ld -w a te r cora ls.

Crinoid: M arine an im a ls  tha t m ake up the class Crinoidea 

(phylum  Ech inoderm ata). A lso known as sea 

lilie s ’ o r ’ fe a th e r-s ta rs ’.

Deep scattering layer: A re la tive ly  th in  layer of organ ism s, 

com posed of m ig ra ting  p lankton  fo rm s, w hich 

can be detected by echo sounders.

Detritivores: Scavengers th a t feed on dead p lan ts  and 

a n im a ls  o r th e ir  waste.

Dissolved inorganic carbon (DIC): A ll inorgan ic carbon 

d isso lved in a vo lum e  of w a te r at a given

tem pera tu re  and pressure.

Diversity: (1) The nu m b e r of taxa in a group o r place 

(species r ich ne ss ] (2) a p a ra m e te r used to 

desc rib e  r ich n e ss  and evenness w ith in  a 

co llec tion  of species.

Echinoderms: A phylum  of m arine  an im a ls  found at a ll 

depths (from  the Greek fo r sp iny sk in ]

Exclusive economic zone (EEZ): 1] A zone under na tiona l 

ju r is d ic t io n  (up to 2 0 0 -n a u tic a l m ile s  w ide ] 

declared in line w ith  the provis ions of the 1982 

United N ations Convention of the Law of the Sea, 

w ith in  w h ich  the coasta l State has the r ig h t to 

explore and exploit, and the respons ib ility  to 

conserve and m anage, the living and non-liv ing  

resources; 2] The area ad jacent to a coasta l state 

w h ich encom passes a ll w a te rs  between: (a) the 

seaward boundary of th a t state, (b) a line on 

w hich each po in t is 200 nau tica l m iles  (370.40 

km ] from  the baseline from  w hich the te rr ito r ia l 

sea of the coasta l state is m easured (except when 

o th e r in te rn a tio n a l b o u nd a rie s  need to be 

accom m odated], and (c) the m a ritim e  boundaries 

agreed between tha t sta te  and the ne ighbouring  

states.

Endemic: A taxa tha t is res tric ted  in its d is tribu tio n , only 

found in a spec ific  area/region.

Environm ental Niche Factor Analysis (ENFA): A hab itat 

su ita b ility  m ode lling  technique.

Epipelagic: The pa rt of the oceanic zone in to w hich 

enough s u n lig h t en ters fo r photosyn thesis  to take 

place. See a lso euphotic/photic.
Epibenthic: Living on the bo ttom  or sea floo r

Euphotic: The pa rt of the oceanic zone into w hich enough 

su n lig h t en ters fo r photosyn thesis  to take place. 

See a lso epipelagic/photic.
Fauna: A n im a ls , especia lly  those of a p a rtic u la r region, 

considered as a group.

GLM: G eneralised L inear Model. A s ta tis tica l lin e a r m odel 

tha t can re late  one dependent fac to r to one o r 

m ore independent factors.

Gorgonacea: An o rde r w ith in  the Anthozoa characte rized  

by having a flexib le, often b ranch ing  ske le ton of 

horny m ate ria l.

Guyot: Flat topped seamount w hich is often covered in 

sed im en ts  from  when they were exposed is lands.

Habitat: The area o r env ironm en t w here an o rgan ism  o r 

eco log ica l com m un ity  n o rm a lly  lives o r occurs.

Hexacorals: A subc lass of the Anthozoans. Inc ludes the 

Antipatharia and Scleractinia.
High seas: denotes (in m un ic ipa l and in te rn a tio n a l law] a ll

67



Seamounts, deep-sea corals and fisheries

of tha t con tinuous body of sa lt w a te r in the w orld  

tha t is navigable in its ch a rac te r and th a t lies 

outside of the te rr ito r ia l w a te rs  and m aritim e  

be lts  of the various coun tries  (also called open 

seas).

Hydrozoa (hydroids): A c lass w ith in  the phylum  Cnidaria.
Marginality: An ENFA te rm  ind ica ting  how d iffe ren t the 

o p tim a l hab ita t fo r a taxonom ic group is from  the 

mean environm ent.

M id-w ater traw ling: Method of traw lin g  w here the net is 

towed th rough m id -w a te r i.e. above, and not in 

con tact w ith  the sea floor.

Modelling: Representing a system  th rough m ath e m a tica l 

o r s ta tis tica l eguations.

Niche: The role an o rgan ism  f ills  in an ecosystem .

Octocorals: A sub -c la ss  of co ra ls  w ith in  the Anthozoa 

w h ich are cha racte rized  by having e igh t ten tac les 

on each polyp.

O tter traw l: A tra w l in w hich the ho rizon ta l opening is 

m ainta ined  by a pa ir of tra w l doors (or o tte r 

boards).

Pelagic: Of re la ting  to o r living in the open sea, away from  

the sea bottom .

Photic: A zone in the w a te r co lum n tha t is penetra ted by 

s u ff ic ie n t s u n lig h t fo r  p rim ary  p roductiv ity / 
production.

Photosynthesis: The process by w hich ca rbohydrates  are 

synthesized from  carbon dioxide and w a te r using 

lig h t as an energy sou rce . M ost fo rm s  of 

photosyn thesis  release oxygen as a byproduct.

Plankton: M inute pelagic o rgan ism s tha t floa t o r d r ift  in 

great num bers  in fresh o r sa lt w ater, especia lly  

at o r near the surface, and serve as food fo r fish 

and o th e r la rge r organ ism s.

Polyp: A s ing le  ind iv idua l o f a colony o r a s o lita ry  attached 

cnidarian.
P rim ary  productivity/production: The rate of carbon 

fixa tion by phytop lankton  (m arine  pho tosyn the tic  

organ ism s).

Seam ount: An elevation of the seabed w ith  a s u m m it of 

lim ited  extent th a t does not reach the surface. 

They can have a va rie ty  of shapes bu t are 

genera lly  con ica l w ith  a c ircu la r, e llip tic a l or 

elongate base, and do not breach the surface.

There is no unified consensus of w ha t does or 

does not constitu te  a seam ount. Some de fin itions 

are based on elevation e.g. m ust be g rea te r than 

1 000 m w h ils t o thers  w ill c lass a seam oun t as 

a topograph ic  feature  tha t rises m ore than 50 m 

above the sea floor.

Scleractinia: An o rde r w ith in  the Anthozoa (sub-c lass 

Hexacorallia), the so called stony cora ls.

Specialization: An ENFA te rm  ind ica ting  how s tr in g e n t are 

the env ironm en ta l regu irem en ts  of a taxonom ic 

group (how na rrow  a niche it occupies).

Sponge: A phylum  (Porifera) of sessile  (attached) fo rm s 

tha t are spongy o r stony to the touch. No obvious 

an im a l fea tures and often m istaken fo r a p lant.

S ty lasteridae: A fa m ily  of co ra ls  w ith in  the c lass 

hydrozoa.
Taxonomy: The science of c lass ify ing liv ing th ings  e.g. 

Phylum , Class, Order, Family, Genus, Species.

Taylor column: M odels p red ic t tha t the steady flow  of a 

un ifo rm  w a te r co lum n past a seam oun t resu lts  in 

a s ta tio na ry  vortex over the seam ount, a so- 

called a Taylor co lum n. However, s tra tifica tio n  of 

w a te r layers above a seam oun t may reduce the 

co lum n to a cap -  a Taylor cap.
Trawl: Traw ls are nets consis ting  of a cone-shaped body 

closed by a bag o r cod end and extended at the 

opening  by w ings. They are ac tive ly  pu lled  

th rough the w a te r and kept open in the ve rtica l 

plane by various m ethods e.g. floa ts, and on the 

h o rizon ta l plane e.g. by tra w l doors. They can be 

towed by 1 o r 2 boats and accord ing to type, are 

used on the bo ttom  (dem ersa l) o r m id -w a te r 

(pelagic).

Trophic: Of, o r involving, the feeding hab its  o r food 

re la tionsh ip  of d iffe re n t o rgan ism s in a food 

chain.

Zooxanthellae: Algae tha t live sym biotically w ith in  the 

ce lls  of o the r o rgan ism s e.g. co ra ls  in the photic 

zone.

Zooanthid: An o rde r of anem one like hexacora ls w hich 

have a co lon ia l lifestyle.

Zooplankton: G eneral te rm  fo r the an im a l com ponent of 

the p lankton, in aguatic  hab ita ts, o r in m oist 

env ironm ents  on land.
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Selection of institutions and researchers working on seamount and cold-water coral ecology

Country/Institution Contact
AUSTRALIA
Commonwealth Scientific and Industrial Tony Koslow

Research Organization (CSIRO) Tony.Koslow0csiro.au

Marine and Atmospheric Research Alan W illiams

alan.williams0cslro.au

University of the Sunshine Coast Thomas Schlacher

tschlach0usc.edu.au

Country/Institution Contact

University of Tasmania

CANADA
Dalhousle University

Karen Miller 

karen.miller0utas.edu.au

Derek Tlttensor 

derekt0mathstat.dal.ca

University of British Columbia Adrian Kltchlngman

a.kltchlngman0flsheries.ubc.ca 

Telmo Morato 

t.morato0fisheries.ubc.ca 

Daniel Pauly 

d.pauly0fisheries.ubc.ca 

Tony Pitcher 

t,pltcher0flsherles.ubc.ca

University of Victoria John Dower 

dower0uvic.ca 

Verena Tunnicliffe 

verenat0uvic.ca

University of Erlangen André Frelwald

andre.freiwald0pal.uni-erlangen.de

Universität Hamburg Bernd Christiansen 

bchristiansen0unl-hamburg.de

INDIA
National Institute of Oceanography Baban Ingole

baban0darya.nio.org

IRELAND
National University of Ireland, Anthony J Grehan

Galway anthony.grehan0nulgalway.le

Martin White 

Mart¡n.Wh¡te0nu¡galway.¡e

University College Cork

JAPAN
Extremoblosphere Research Center

Andrew Wheeler 

a.wheele r0ucc.le

Shlnjl Tsuchlda

Japan Agency for Marlne-Earth Science

and Technology (JAMSTECI tsuchidas0jamstec.go.jp

NETHERLANDS
Royal Netherlands Institute 

for Sea Research (NIOZ)

Gerard CA Dulneveld 

duln0nloz.nl

Fisheries, Oceans, Marine Biodiversity Matt Gianni

matthewglanni0netscape.net

GERMANY
Alfred Wegener Institute for Helno 0 Fock

Polar and Marine Research hfock0awi-bremerhaven.de

Coral Reef Ecology (CORE) Christian Wild

Working Group, c.w lld0lrz.unl-m uenchen.de

GeoBlo-Centre,

Ludwig Maximilians University Munich

Mainz Academy of Sciences /  Dieter Plepenburg

The Institute for Polar dplepenburg0lpoe.unl-kiel.de

Ecology, University of Kiel

Max Planck Institute for Antje Boetlus

Marine Microbiology, Bremen aboetlus0mpi-bremen.de

NEW CALEDONIA
Institut de Recherche pour 

le Développement (IRD)

NEW ZEALAND
National Institute of Water and 

Atmospheric Research (NIWA)

University of Otago

Bertrand de Forges 

bertrand.rlcher-de- 

forges0noumea.lrd.nc

Malcolm Clark 

m.clark0mwa.co.nz 

Mireille Consalvey 

rn.consalvey0nlwa.co.nz 

Ashley Rowden 

a.rowden0nlwa.co.nz 

Dianne Tracey 

d.tracey0nlwa.co.nz 

Keith Probert 

kelth.probert0stonebow.otago.ac.nz
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Institutions and researchers

Country/Institution Contact
NORWAY
Institute of Marine Research (IMR) Lene Buht-Mortensen

Lene.Mortensen0ifm.uib.no 

Jan Hefga Fossa 

jhf0imr.no 

Pat Mortensen 

Paaf.mortensen0imr.no

Country/Institution Contact

PORTUGAL
University of the Azores

RUSSIA
P.P. Shirshov Institute 

of Oceanography

UNITED KINGDOM
Joint Nature Conservation 

Committee (JNCC)

Gui Menezes 

gui0notes.horta.uac.pt 

Ricardo Santos 

ricardo0notes.horta.uac.pt

Andrey Gebruk 

agebruk0ocean.ru 

Tina Mofotsodova 

tina0sio.rssi.ru

Charlotte Johnston 

charlotte.johnston0jncc.gov.uk 

Mark Tasker 

mark.tasker0jncc.gov.uk

Scottish Association for Marine Bhavani Narayanaswamy 

Science (SAMS) Bhavani.Narayanaswamy0sams.ac.uk

J Murray Roberts 

Murray.Roberts0sams.ac.uk

United Nations Environment Programme Stefan Plain

World Conservation Stefan.Plain0unep-wcmc.org

Monitoring Centre 

(UNEP-WCMC)

UNITED STATES OF AMERICA
Natural History Museum of 

Los Angeles, County 

in California

National Undersea 

Research Center 

(NURP)

National Oceanic &

Atmospheric Administration 

(NOAA)

University of California 

San Diego

Florida Atlantic University

Smithsonian Institution

Paul Wessel

University of Maine

University of Kansas

Peter Etnoyer 

peter0aguanautix.com

Peter Auster 

peter.auster0uconn.edu

Bob Embley 

embtey0pmeLnoaa.gov

Paul Brewin 

pebrewin0sdsc.edu 

Lisa Levin 

Uevin0ucsd.edu

Karen Stocks 

kstocks0sdsc.edu

Jon Moore 

jmoore0fau.edu

Stephen Cairns 

Cairnss0si.edu 

University of Flawaii

pwesse [0 hawa ii.edu

Les Watling 

watiing0maine.edu

Daphne G Fautin 

fautin0ku.edu

Amy Baco-Taylor 

abaco0whoi.edu 

Tim Shank 

tshank0whoi.edu

Zoological Society of London, Institute Alex Rogers

of Zoology Alex.Rogers0ioz.ac.uk

University of Plymouth Jason Fiall-Spencer

jason.hall-spencer0ptymouth.ac.uk 

Kerry Flowei! 

kerrv.howeU0 plvmouth.ac.uk

Woods Hole Oceanographic 

Institution (WH01)
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Selection of coral and seamount resources

cen seam .n iw a.co .n z

CenSeam (a global census of marine life on seamounts) is a 

Census of Marine Life Field Programme aiming to provide the 

framework needed to prioritize, integrate, expand and facilitate 

seamount research efforts.

w w w .com l.o rg

The Census of Marine Life (CoML) is a network of researchers 

in more than 70 nations engaged in a 10-year initiative to assess 

and explain the diversity, distribution, and abundance of marine 

life in the oceans -  past, present and future.

w w w .fa o .o rg /D 0 C R E P /0 0 3 /X 2 4 6 5 E /x 2 4 6 5 e 0 h .h tm

FAO FISHERIES TECHNICAL PAPER 382 ‘Guidelines for the 

Routine Collection of Capture Fishery Data'

w w w .fish b a se .o rg /s e arc h .p h p

FishBase is a relational database with information to cater to 

different professionals such as research scientists, fisheries 

managers, zoologists and many more. FishBase on the web 

contains practically a ll fish species known to science, (eds R 

Froese, D Pauly; version 16 February 2004).

b u re .u n e p -w c m c .o rg /m a rin e /c o ld c o ra l

Global co ld-w ater coral database and GIS, an interactive 

mapping tool developed by UNEP which provides easy access to 

a wealth of information on cold-water coral ecosystems, 

drawing on the data and collective expertise of scientists, 

national agencies and regional organizations from around the 

world.

cd ia c .o rn l.g o v /o c e an s /g lo d a p /G lo d ap _h o m e.h tm

The GLobal Ocean Data Analysis Project (GLODAP) is a 

cooperative effort to coordinate global synthesis projects funded 

through the National Oceanic and Atmospheric Administration 

(NOAA), the U.S. Department of Energy (DOE), and the National 

Science Foundation (NSF) as part of the Joint Global Ocean Flux 

Study -  Synthesis and Modeling Project (JGOFS-SMP).

w w w .n gdc .n oaa .gov /m gg /gebco

General Bathymetric Chart of the Oceans (GEBCO) aims to 

provide the most authoritative, publicly-avaIlable bathymetry 

datasets for the world's oceans. GEBCO operates under the 

auspices of the International Hydrographic Organization (IHO) 

and the United Nations' (UNESCO) Intergovernm ental 

Oceanographic Commission (IOC).

w w w .e u -h e rm e s .n e t

Hotspot Ecosystems Research on the Margins of European 

Seas (HERMES), a m ultidisciplinary deep-sea research project

with 50 partners under the EC Framework Six Programme. 

HERMES work packages include, inter alia, cold-water coral 

reefs and carbonate mounds.

w w w .k g s .k u .e d u /H e x a c o ra l/

Biogeoinformatics of Hexacorals is intended to: (1) provide a 

public information resource of data, interpretation and methods 

related to the taxonomy, biogeography and habitat 

characteristics or environmental correlates of the Hexacorallia 

and allied taxa (2) connect and integrate the activities of the 

individual and institutional partners (3) keep a wide range of 

project information updated and available to all interested 

parties and (4) provide a directory and communication links to 

participants and related projects.

w w w .lo p h e lia .o rg /in d ex .h tm

Lophelia.org is dedicated to the cold-water coral Lophelia 

pertusa and is an information resource on the cold-water coral 

ecosystems of the deep ocean.

w w w .m a r-e c o .n o

MAR-ECO (patterns and processes of the ecosystems of the 

northern m id-A tlantic) is Census of Marine Life Field 

Programme. MAR-ECO is an international exploratory study of 

the animals inhabiting the northern mid-Atlantic. Scientists 

from 16 nations around the northern Atlantic Ocean are 

participating in research of the waters around the m id-Atlantic 

Ridge from Iceland to the Azores

oceanexp lo re r.noaa .go v /

NOAA Ocean Explorer is an educational Internet offering for all 

who wish to learn about, discover, and virtually explore the 

ocean realm. It provides public access to current information on 

a series of NOAA scientific and educational explorations and 

activities in the marine environment with links to numerous 

cold-water coral expeditions.

ww w 1 .u n i-h am b u rg .d e /O A S IS

OASIS (Oceanic seamounts: an integrated study) is a European 

Commission supported project aim ing to describe the 

functioning characteristics of seamount ecosystems.

m a rin e .ru tg e rs .e d u /o p p

IMCS Ocean Primary Productivity Team's (OPPT) home page 

aims to provide: (1) Access to datasets of primary productivity 

m easurements based on 140 uptake and stim ulated 

fluorescence technigues, with the hope that these data w ill be 

used for productivity model development and testing; (2) 

Computer source code, input data fields and ocean productivity 

estimates for the Vertically Generalized Production Model
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Resources

(VGPM) developed by the OPPT, and; (3) Information on activities 

of the NASA-sponsored Ocean Primary Productivity Working 

Group (OPPWG), which has been conducting round-robin 

algorithm testing exercises since 1994 to compare, in an 

investigator-independent manner, the performance of various 

productivity models with the intent of establishing a NASA 

resident ‘consensus’ algorithm for the routine generation of 

ocean productivity maps.

w w w .seaarou ndu s.o rg

The Sea Around Us Project (SAUP) is devoted to studying the 

impact of fisheries on the world's marine ecosystems. To 

achieve this, project staff have used a Geographic Information 

System (GIS) to map global fisheries catches from 1950 to the 

present, under explicit consideration of coral reefs, seamounts, 

estuaries and other c ritica l habitats of fish, marine 

invertebrates, marine mammals and other components of 

marine biodiversity. The data presented, which are all freely 

available, are meant to support studies of global fisheries 

trends and the development of sustainable, ecosystem-based 

fisheries policies.

seam ou nts .sdsc.ed u

SeamountsOnline is a freely-available online resource of 

seamount related data. It is a NSF-funded project designed to 

gather information on species found in seamount habitats, and 

to provide a freely-available online resource for accessing and 

downloading these data. It is designed to facilitate research into 

seamount ecology, and to act as a resource for managers.

earth re f.o rg

The Seamount Catalog (search under databases for the 

Seamount Catalog) is a d ig ita l archive for bathym etric 

seamount maps that can be viewed and downloaded in various 

formats. This catalog also contains morphological data and 

sample information. Related grid and multibeam data files, as 

well as user-contributed files, can be downloaded as well.

w w w .n o d c .n o a a .g o v /0 C 5 /W 0 A 0 1 /p r_ w o a 0 1  .h tm  I

The World Ocean Atlas 2001 (WOA01) contains ASCII data of 

statistics and objectively analysed fields for one-degree and 

five-degree sguares generated from World Ocean Database 

2001 observed and standard level flagged data. The ocean 

variables included in the atlas are: in situ temperature, salinity, 

dissolved oxygen, apparent oxygen utilization, per cent oxygen 

saturation, dissolved inorganic nutrients (phosphate, nitrate 

and silicate), chlorophyll at standard depth levels, and plankton 

biomass sampled from 0-200m.

Appendix I 

Physical data
All physical data were compiled onto a one-degree resolution 

global grid, centred on the midpoint of each degree cell. 

Physical data were gridded at 0, 500, 1 000, 1 500, 2 000 and 

2 500 m depth. These resolutions were chosen to fit w ith data 

availability (W0A and GLODAP data are available at this grid 

resolution). Physical data and primary productivity model output 

were all long-term  annual means. Composite annual data were 

derived from cruises and sampling covering a variety of time 

periods; where possible, data were selected from the 1990s.

World Ocean Atlas 2001 data (Conkright et al., 2002) were 

composite annual objectively analysed means. GLODAP gridded 

data (Key et al., 2004) were mostly derived from 1990s W0CE 

(World Ocean Circulation Experiment) cruises. VGPM model 

outputs (Behrenfeld and Falkowski, 1997) were depth- 

integrated surface values corrected for cloudiness, derived from 

data collected between 1977 and 1982. SODA modelled current 

velocities (Carton et al., 2000) were the grand mean of the 

annual means for the period 1990-1999, using the 1.4.2 version 

of the model; the velocity layer nearest to each depth grid layer 

was used. The aragonite saturation state was calculated using 

GLODAP data and following the A[C032-]a method of Orr et al. 

(2005), with constants as described in Orr et al. (2005) and 

eguations following Zeebe and Wolf-Gladrow (2001). Positive 

[C032-]a indicates supersaturation; negative undersaturation. 

Depth is included as a parameter not because it is important 

per se, but because it may correlate with unmeasured factors 

such as pressure.
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Appendix II 

The habitat suitability model
ENFA is a predictive habitat suitability modelling technique 

designed to work with presence-only data (Hirzel et al., 2002). 

We bin scleractinian seamount data records to the one-degree 

global grid and assign them to the closest depth layer. We used 

only coral records above 2 500 m depth. Physical data were 

normalized using the Box-Cox transformation (Sokal and RohIf, 

1995). A mismatch occurs between some coral locations and 

predicted seamount locations in that some corals are found on 

seamounts that are not detected by the bathymetric analysis 

(Kitchingman and Lai, 2004). To resolve this, we model habitat 

suitability for the whole ocean, but restrict coral presences to 

seamounts.

We used the geometric mean algorithm in ENFA (Hirzel and 

Arlettaz, 2003). ENFA outputs species marginality (absolute 

difference between the global mean and the species mean in 

the multidimensional environmental space) and specialization 

(ratio of variance between the global distribution and species 

distribution). All environmental variables are converted into 

uncorrelated factors in a manner s im ilar to principal com­

ponent analysis.

Habitat suitability maps were constructed following Hirzel et 

al. (2002) using the isopleth method. Eight factors were used 

to construct habitat suitability maps, following a broken stick 

distribution (Hirzel et al., 2002).

Assessing model performance presents a different challenge 

for presence-only models than for presence-absence models 

(Boyce et al., 2002). In this case, validation for habitat suitability 

maps was carried out using a cross-validation technique (Boyce 

et al., 2002). Data were partitioned into four bins followed by 

a 10-fold cross validation. For each validation subset, area- 

adjusted frequency was compared with that of a randomly 

distributed species using Spearman's rank correlation to 

assess the monotonicity of the curve (Table A1). This coefficient 

varies between -1 and 1 ; a value near 1 indicates area-adjusted 

frequency model predictions monotonically increasing with 

increasing habitat suitability and deviating from a random 

curve, suggesting good model performance.

Table A1 : Cross-validation results; Spearman’s rank coefficient 
Replicate________________________________________ Rs
1 0.8

2 0.8

3 1

U 1

5 1

6 0.8

7 1

8 0.8

9 0.8

10 0.8

Mean 0.88

S. D. 0.10

Key assumptions of ENFA are that data are m ultinorm al, that 

species occurrence data span the complete environmental 

range, and that the species is at equilibrium. Hirzel et al. (2002) 

suggest that ENFA is robust to deviations from normality, and 

the method has also been shown to be robust to quality and 

quantity of data (Hirzel et al., 2001). Spatial autocorrelation was 

not directly accounted for but is unlikely to be a major issue with 

this data (Leverette and Metaxas, 2005).
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REFERENCE MAPS

Map 2. FAO M ajor m arine  fish ing  areas 
Area Name Area Name
18 Arctic Sea 57 Indian Ocean, Eastern
21 Atlantic, Northwest 58 Indian Ocean, Antarctic and Southern
27 Atlantic, Northeast 61 Pacific, Northwest
31 Atlantic, Western Central 67 Pacific, Northeast
36 Atlantic, Eastern Central 71 Pacific, Western Central
37 Mediterranean and Black Sea 77 Pacific, Eastern Central
61 Atlantic, Southwest 81 Pacific, Southwest
67 Atlantic, Southeast 87 Pacific, Southeast
68 Atlantic, Antarctic 88 Pacific, Antarctic
51 Indian Ocean, Western

Map 3. R egiona l sea conventions and action  p lans
1 Convention on the Protection of the Marine Environment of the Baltic Sea Area (HELC0M]c
2 Bucharest Convention and Black Sea Environment Programme*3
3 Cartagena Convention for the Wider Caribbean Region, Caribbean Environment Programme (CEP] and Action Plan3
6 East Asian Seas Action Plan (COBSEA]3
5 Nairobi Convention and East African Action Plan3
6 Barcelona Convention and Mediterranean Action Plan (MAP]3
7 Antigua Convention and North-East Pacific Action Plan*3
8 North West Pacific Action Plan (NOWPAP]3
9 Jeddah Convention and Red Sea and Gulf of Aden Action Plan (PERSGA]*3

10 Kuwait Convention and ROPMESea Area Action Plan*3
11 Noumea (orSPREP] Convention and Pacific Action Plan*3
1 2 South Asian Seas Action Plan (SAS) and South Asian Seas Cooperative Environment Programme (SACEP]*3
13 Lima Convention and South-East Pacific Action Plan (CPPS]*3
1 6 Abidjan Convention and West and Central Africa Action Plan3
1 5 Regional Programme of Action for the Protection of the Arctic Marine Environment from Land-based Activities (PAME]^*’C
16 Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR]^*,c
1 7 Framework Convention for the Protection of the Marine Environment of the Caspian Sea (Teheran Convention] and Caspian

Sea Strategic Action Programme0 
18 OSPAR Convention for the Protection of the Marine Environment of the North-East Atlantic (0SPAR]^*,c

H: with a high sea mandate /  competence. In general, UNEP administered Conventions and Action Plans apply only 
to the national waters of member states, incl. EEZs, where appropriate, 

a: UNEP administered b: Non-UNEP administered c: Independent Programme

Map 6. R egiona l m a rin e  fish e rie s  bodies th a t can d ire c tly  es tab lish  m anagem en t m easures__________________________
The map shows only the areas of competence of those Regional Marine Fisheries Bodies that can directly establish management 
measures. In addition to those listed and displayed, the International Whaling Commission (IWC) is a global bodies without a defined 
area of competence.

1 Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR]*3
2 Convention on the Conservation and Management of the Pollock Resources in the Central Bering Sea (CCBSP)
3 Commission for the Conservation of Southern Bluefin Tuna (CCSBT)
6 General Fisheries Commission for the Mediterranean (GFCM)3’*3
5 Inter-American Tropical Tuna Commission (IATTC)
6 International Commission for the Conservation of Atlantic Tunas (ICCAT)
7 Indian Ocean Tuna Commission (I0TC)3
8 International Pacific Halibut Commission (IPHC)
9 Northwest Atlantic Fisheries Organization (NAFO)*3

10 North Atlantic Salmon Conservation Organization (NASCO)
11 North East Atlantic Fisheries Commission (NEAFC)*3
12 North Pacific Anadromous Fish Commission (NPFAC)
13 Pacific Salmon Commission (PSC)
16 South East Atlantic Fisheries Organization (SEAFO)*3
15 South Indian Ocean Fisheries Agreement (S10 FA)c
16 South Pacific Regional Fisheries Management Organisation (SPRFM0)c
17 Western and Central Pacific Fisheries Commission (WCPFC)

a: FAO administered
b: legal competence to manage most or all fisheries within their areas of application, including management of deep sea stocks 

beyond national jurisdiction 
c: under negotiation



REFERENCE MAPS

Map 1. Exclusive economic zones
P re p a re d  using th e  G lo b a l M a r it im e  B o u n d a rie s  D a ta b a s e  (F e b ru a ry  2 0 0 6  ed itio n , ©  G e n e ra l D y n a m ic s  A dvanced  In fo rm a tio n  S ys te m s, 1 9 9 8 -2 0 0 6 ). 

EEZs and fis h in g  z o n e s  in th e  M e d ite r ra n e a n  not d isp layed .

Map 2. FAO M ajor m arine  fishing areas
S o u rce  and  fu r th e r  in fo rm a tio n : h t tp : //w w w .fa o .o rg /f ig is /s e rv le t /s ta t ic ? d o m = ro o t& x m l= g e o g ra p h y /fa o _ fis h in g _ a re a .x m I
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Map 3. Regional sea conventions and action plans
S o u rce  and  fu r th e r  in fo rm a tio n : h ttp : //w w w .u n e p .o rg /re g io n a ls e a s /

MAP 4. Regional m arine fisheries bodies that can d irectly establish m anagem ent m easures
S o u rce  and  fu r th e r  in fo rm a tio n : FAO, 1 9 9 9 -2 0 0 6 , R e g io n a l F is h e ry  B od ies  -  M a p  of c o m p e te n c e  a re a , h ttp ://w w w .fa o .o rg /f i /b o d y /r fb /in d e x .h tm
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Seamounts, deep-sea corals  
and f isheries
An ub iqu itous ocean flo o r feature, a key m arine  ecosystem  and an im portan t 

hum an activity: toge the r these have created one of the m ost c r it ic a l ocean issues.

Seam ounts, deep-sea corals and fisheries  reveals the g loba l scale of the 

vu ln e ra b ility  of h a b ita t-fo rm in g  stony co ra ls  on seam oun ts  -  and th a t of 

associated m arine  b iod ivers ity  and assem blages -  to the im pacts of traw ling , 

especia lly  in areas beyond na tiona l ju risd ic tio n . It provides som e of the best 

sc ien tific  evidence to date to su p p o rt the ca ll fo r concerted and u rgent action on 

the high seas to p ro tect seam oun t com m un ities  and th e ir  associated resources 

from  the adverse effects of deep-w a te r fish ing.

Seam ounts, deep-sea corals and fisheries  describes the resu lts  of data 

analyses tha t w ere  used to understand the g loba l d is tribu tio n  of deep-sea cora ls  

on seam ounts, to m ode l the d is tribu tio n  of su itab le  hab ita t fo r stony cora ls, and 

to appreciate the extent of tra w l fishe ries  on seam ounts in areas beyond nationa l 

ju risd ic tio n . These resu lts  w ere  com bined, along w ith  know ledge of the effects of 

traw lin g  on cora ls  and o th e r seam oun t species, to iden tify  the m ain  areas at r isk  

from  the im pact of cu rre n t and fu tu re  traw lin g  on the high seas. In pa rticu la r, 

seam oun t ecosystem s in the Indian, N orth  and South A tlan tic , and South Pacific 

Oceans are threatened by the expansion of a lfonsino (250-750 m etres] and orange 

roughy (750-1 200 m etres] fisheries.

Seam ounts, deep-sea corals and fisheries  aim s to raise the aw areness 

o f m anagers, decision m akers and stakeho lde rs  about the d is tribu tio n  of deep- 

sea cora ls  on seam ounts and th e ir  vu ln e ra b ility  to traw ling . It provides facts and 

in fo rm a tion  to support and guide the in te rn a tio n a l processes w ith in  and outside 

the United Nations system  to find so lu tions fo r the conservation, p ro tection  and 

susta inab le  m anagem ent of seam oun t ecosystem s -  before it is too late.

UNEP Regional Seas Repo 

UN E P -W C M C  Biodiversity

U N E P  W o rld  C onservation  
M on itoring  C en tre
219 Huntingdon Road, Cambridge 
CB3 0DL, United Kingdom 
Tel: +44 (0) 1223 277314 
Fax: +44 (0) 1223 277136 
Email: info@unep-wcmc.org 
W ebsite : w w w .u n e p -w c m c.o rg
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