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Series Editor’s Foreword

The toilsome fi shermen . . . in tiny barks . . . shudder at the terrors awful to behold 
of the grim sea, even the seamonsters* which encounter them when they traverse the 
secret places of the deep.

Oppian, Halieutica, c.173 AD (translated A.W. Mair 1928)

Seamounts have been known, but their nature not fully revealed to humans, for a long 
time; Oppian’s ‘secret places of the deep’ were also familiar to Haida fi shermen from 
the remote western islands in the northwest Pacifi c. Darwin (1839) mentioned them as 
places that attract seabirds, and in the tropics, become the foundations of coral atolls. 
Today, seamounts – the term was fi rst used in the 1930s – and the organisms that live 
on them are still surprisingly mysterious: the Editors mention that they are, ‘some of the 
least understood habitats on the planet’.  This book attempts to draw back the veil with a 
clear synopsis of what is known about seamounts world wide. In fact, what is not known 
about seamounts would make a longer book: recently adopted by the conservation com-
munity as islands of biodiversity, in fact there turns out to be only a small amount of hard 
scientifi c evidence supporting this view. Even the numbers and locations of seamounts 
remain largely unknown, and this is rather surprising as they are evidently quite hulking 
things, averaging 5 km high and 15 km across. Now you might think that a nation that 
will merrily send a cruise missile thousands of kilometres in the direction of an erstwhile 
terrorists’ mobile phone would have very good information about our planet’s topology, 
so you will be surprised to learn that a US nuclear submarine recently ran full tilt into a 
seamount in the Pacifi c. 

This book follows a logical progression from geological and physical processes, ecol-
ogy, biology and biogeography, to exploitation, management and conservation concerns. 
In 21 Chapters written by 57 of the world’s leading seamount experts, the book reviews all 
aspects of their geology, ecology, biology, exploitation, conservation and management. In 
Part I of this book, several detection and estimation techniques for tallying seamounts are 
reviewed, along with a history of seamount research. Seamounts are ubiquitous undersea 
mountains rising from the ocean seafl oor that do not reach the surface. There are likely 
many hundreds of thousands of seamounts, they are usually formed from volcanoes in the 
deep sea and are defi ned by oceanographers as independent features that rise to at least 
0.5 km above the seafl oor, although smaller features may have the same origin. 

*Ketos, large sea creatures, meaning whales, dolphins, seals, sharks and tunas.



Some seamounts support and attract rich living communities and may be important 
nodes of biodiversity. Part II of this book covers biophysical coupling, the basis of a long-
standing controversy over higher seamount productivity. Seamounts are certainly impor-
tant ‘way stations’ for many migratory fi sh, cetaceans, some seabirds and cephalopods, 
but many of the fundamental ecological processes that maintain seamount communities 
are poorly understood. For example, the elegant geophysics described herein  shows how 
spinning Taylor columns may form over seamounts, but they are an evanescent phenom-
enon and the precise infl uences of local current patterns on nutrient upwelling, entrain-
ment of water masses and the possible enhancement of primary and secondary production 
are often uncertain. Complex seamount food webs generally seem to depend on advected, 
trapped food supplies. These factors determine just how much a seamount may attract 
feeding visitors like tuna and whales. Part III covers the biology and ecology of seamount 
organisms.

Most seamount fi sh, corals and sponges are very long lived, making their recovery 
slow and hence the impact of serial overfi shing on seamount ecosystems raises seri-
ous concerns; a history of intensive boom and bust fi sheries has depleted fi sh popula-
tions and likely damaged or destroyed associated benthic communities. Part IV presents 
synoptic views of seamount ecology and their fi sheries, mainly focused on how model-
ling can improve our insight into seamount ecology. The fi nal part of this book, Part V, 
presents material on the exploitation, management and conservation of seamount ecosys-
tems. Some data from former soviet distant water fi shing fl eets that targeted seamounts is 
brought together in the book for the fi rst time. The book also reviews a few small-scale 
fi sheries that have laudably sustainable fi sheries on seamounts. The book closes with 
reviews of ongoing but as yet only partially successful efforts to conserve seamount biota, 
and presents a synoptic evaluation framework that might be employed to tally progress in 
research and conservation.

The editors recognize this book as a ‘triumph of collaboration’ among researchers from 
the Department of Oceanography and Fisheries in the Azores, Portugal, the University of 
Leicester in the UK, the National Institute of Water and Atmospheric Research in New 
Zealand and the University of British Columbia’s Fisheries Centre in Canada. The book 
was planned by many of the authors while attending a stimulating workshop held in the 
beautiful Azores Islands in May 2005: the list of far-sighted and generous sponsors of this 
venture are fully acknowledged in the Preface, but principal among them I would like to 
mention the Census of Marine Life project on Seamounts and the Regional Government of 
the Azores.

As Series Editor I am confi dent that this book represents a unique and fresh synthesis 
of our knowledge of seamounts and their biota, that it will become an essential reference 
work on the topic, and trust also that it may provide a stimulus for further groundbreaking 
research on these intriguing ‘secret places of the deep’. 

Professor Tony J. Pitcher
Editor, Blackwell Publishing Fish and Aquatic Resources Series 

Fisheries Centre, University of British Columbia, Vancouver, Canada
July  2007
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Series rationale 

Fish  researchers (aka fi sh freaks) like to explain, to the bemused bystander, how fi sh have 
evolved an astonishing array of adaptations; so much so that it can be diffi cult for them to 
comprehend why anyone would study anything else. Yet, at the same time, fi sh are among 
the last wild creatures on our planet that are hunted by humans for sport or food. As a con-
sequence, today we recognize that the reconciliation of exploitation with the conservation 
of biodiversity provides a major challenge to our current scientifi c knowledge and exper-
tise. Even evaluating the tradeoffs that are needed is a diffi cult task. Moreover, solving this 
pivotal issue calls for a multidisciplinary consilience of fi sh physiology, biology and ecol-
ogy with social sciences such as economics and anthropology in order to probe the fron-
tiers of applied science. In addition to food, recreation (and inspiration for us fi sh freaks), 
it has, moreover, recently been realized that fi sh are essential components of aquatic eco-
systems that provide vital services to human communities. Sadly, virtually all sectors of the 
stunning biodiversity of fi shes are at risk from human activities. In freshwater, for example, 
the largest mass extinction event since the end of the dinosaurs has occurred as the intro-
duced Nile perch in Lake Victoria eliminated over 100 species of endemic haplochromine 
fi sh. But, at the same time, precious food and income from the Nile perch fi shery was cre-
ated in a miserably poor region. In the oceans, we have barely begun to understand the 
profound changes that have accompanied a vast expansion of human fi shing over the past 
100 years. The Blackwell Series on Fish and Aquatic Resources is an initiative aimed at 
providing key, peer-reviewed texts in this fast-moving fi eld.
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Preface

The world ocean has somewhere between 10 000 and 100 000 seamounts more than 1 km 
tall and as many as 1 000 000 features over 100 m tall. These are some of the least under-
stood habitats on the planet. Large seamounts, particularly those close to or within the 
photic zone, support and attract rich biotic communities and are important for the status 
of marine food webs and biodiversity. Intensive boom-and-bust fi sheries have depleted 
fi sh populations and damaged or destroyed associated benthic communities. Most 
seamount fi sh and the corals and sponges of the benthos are extremely long lived, making 
their recovery uncertain, or at best very slow. Seamounts are important ‘way stations’ for 
many migratory fi sh, cetaceans seabirds and cephalopods. Other oceanic or ‘seamount-
associated’ species may simply come to ‘raid the larder’. The abundance of birds and fi sh 
was the fi rst indication that humans had of the existence of seamounts, which, in places 
like the Azores, still support sustainable artisanal fi sheries. The impact of overfi shing on 
seamount ecosystems and the abundance of seamount visitors raises serious concerns.

Many of the fundamental ecological processes that maintain seamount communities 
are still poorly understood: the infl uences of local current patterns on upwelling of nutri-
ents, the entrainment of water masses and the enhancement of primary and secondary pro-
duction; recruitment to the seamount ecosystem; complex food web structure depending 
on advective or trapped food supplies; transient feeding by visitors like tuna and whales 
and the integration of different environmental compartments stratifi ed by depth. By bring-
ing together international experts on seamount ecosystems and their fi sheries to create a 
fresh synthesis, this book aims to address these issues and lead the way to an improved 
insight into seamount ecology and identify measures necessary to conserve their biodiver-
sity and integrity.

Themes running throughout the book are: recruitment and vulnerability of seamount 
organisms, impacts on seamount biodiversity and the sustainability and economic basis of 
seamount fi sheries.

Seamounts are underwater volcanoes, most of them extinct, but there has been some 
controversy over a more precise defi nition. We therefore provide the following defi nition 
and characterization of seamounts.

Defi nition of a seamount

Traditionally, geologists have defi ned seamounts as undersea mountains whose summits 
rise more than 1000 m above the surrounding seafl oor and that, to fi rst order, exhibit a 



conical shape with a circular, elliptical or more elongate base. Most seamounts are vol-
canic in origin. Initially, a seamount was defi ned as a ‘large isolated elevation character-
istically of conical form’ (Murray, 1941), where ‘large’ would only later be quantifi ed to 
mean �1000 m (Menard, 1964). When the Davidson Seamount was named in 1938, the 
US Board on Geographic Names stated, ‘The Generic term “seamount” is here used for 
the fi rst time, and is applied to submarine elevations of mountain form whose character 
and depth are such that the existing terms bank, shoal, pinnacle, etc., are not appropriate’. 
As understanding of the geologic processes that form seamounts and their distribution 
has improved, the strict 1000 m relief limitation was relaxed and the geological literature 
now routinely applies the term ‘seamount’ to much smaller structures (down to a few tens 
of metres). Studies of seamount populations reveal that their size–frequency distributions 
are continuous with no obvious break. Thus, seamounts do not have a clear lower-size 
limit, making any size-based criteria for defi ning them arbitrary. Consequently, the term 
‘seamount’ has been applied more generally to topographic ‘hill’ elevations regardless of 
size and relief (e.g., Epp and Smoot, 1989; Rogers, 1994).

As this book is more biological than geological, we adopt a more functional approach 
and defi ne as a seamount any topographically distinct seafl oor feature that is at �100 m 
but which does not break the sea surface. We exclude large banks and shoals (e.g., 
Georges Bank, Porcupine Bank) as well as topographic features on continental shelves 
as dealt with elsewhere in the literature and different from true seamounts in size (in the 
case of large banks and shoals) and proximity to other shallow topography (in the case of 
topographic features on the continental shelf).

We classify individual seamounts on the basis of summit depth using functional cri-
teria important in regulating biological productivity rather than arbitrary depth limits. 
We defi ne shallow seamounts as those that penetrate the euphotic zone; intermediate 
seamounts as those that are shallower than the daytime depth of the deep scattering layer 
(but which do not reach the euphotic zone) and deep seamounts as those with summits 
below the deep scattering layer. Oceanic islands, many of which have the same origins 
as seamounts, share many common features and ecological effects on their submerged 
slopes.

Finally, we classify seamounts as large or small, depending on whether the heights 
exceed 1500 m (regardless of depth). This height separation is useful in isolating large 
seamounts, whose global distribution is well resolved by satellite altimetry, from small 
seamounts whose distribution must be inferred from local, acoustic mapping and there-
fore remains poorly sampled.

Origin of this book

At the International Deep Sea Conference held in Queenstown, New Zealand, in 
December 2003 (FAO, 2005) it was evident that seamount fi sheries have moved far 
ahead of our knowledge of their ecology, oceanography and levels of sustainable 
exploitation. Such serious depletions were reported worldwide that Keynote speak-
ers and others called for concerted international action to protect seamounts from fur-
ther depredations, especially by distant water fl eets. In the Azores, a good degree of 
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protection already exists, seamount fi sheries are exclusively local and small scale, bot-
tom trawling has never been used and offi cially banned in 2002. The Azores also host a 
large amount of seamount research and so provide a logical base from which to launch 
a world-wide effort to develop better insight of impacts on seamount systems, and seek 
ways to improve the management of their fi sheries. The content and structure of this 
book grew from a workshop of over 40 seamount experts who gathered for a week at 
the Old Whaling Station in Horta on the lovely island of Faial, Azores in May 2005 
(Fig. 1). All of the Chapters have been peer reviewed. The workshop and the book have 
been made possible by a number of generous sponsors, who are listed with their logos in 
the acknowledgements section, but we wish to offer our especial thanks to the CenSeam 
project of the Census of Marine Life and the Regional Government of the Azores.

Parts of this book

This book follows a logical progression from geological and physical processes, eco-
logy, biology and biogeography, to exploitation, management and conservation concerns. 
Part I introduces and characterizes seamounts. In Chapter 1 Paul Wessel covers the geo-
logical origins of seamounts and their geomorphological characteristics. In Chapter 2, 
Adrian Kitchingman, Sherman Lai, Telmo Morato and Daniel Pauly review counts of the 
numbers and locations of seamounts worldwide, and present a new estimate. In Chapter 3, 
Paul Brewin, Karen Stocks and Gui Menezes set out a brief history of scientifi c research 
on seamounts.

Part II covers biophysical coupling on seamounts, the crux of controversy over their 
much-discussed higher productivity. Physical processes and seamount productivity are 
reviewed in Chapter 4 by Martin White, Igor Bashmachnikov, Javier Arístegui and Ana 
Martins, showing how basic geo-physics builds the templates of water masses that drive 
biological processes on seamounts. Chapter 5 by Amatzia Genin and John Dower, covers 
plankton dynamics laying out the arguments and evidence for and against the enhance-
ment of primary production, the trapping of food for fi lter feeding organisms or vertically 
migrating plankton of higher trophic levels, including the mesopelagic organisms that are 
the subject of Chapter 6 by Filipe Porteiro and Tracey Sutton.

Part III covers the biology and ecology of seamount organisms. Chapter 7 on seamount 
benthos by Sarah Samadi, Thomas Schlacher and Bertrand Richer de Forges, includes 
an extensive discussion of endemism, an oft-mentioned feature of seamount faunas. 
Deepwater corals on seamounts, one of the fauna most threatened by trawling, are cov-
ered in Chapter 8 by Alex Rogers, Amy Baco, Huw Griffi ths, Tom Hart and Jason Hall-
Spencer. In Chapter 9, Telmo Morato and Malcolm Clark discuss the characterization and 
life histories of seamount fi shes; while Chapter 10 describes the activities of large pelagic 
fi sh, especially tuna, on seamounts by Kim Holland and Dean Grubbs, with a second sec-
tion on pelagic sharks by Feodor Litvinov. The almost unrecognized role of cephalopods at 
seamounts is analysed by Malcolm Clarke in Chapter 11. This part concludes with a three-
section Chapter 12 on evidence about air-breathing visitors to seamounts: marine mam-
mals by Kristin Kaschner; turtles by Marco Santos, Alan Bolten, Helen Martins, Brian 
Riewald and Karen Bjorndal; and seabirds by David Thompson.
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Part IV presents three synoptic views of seamount ecology. In Chapter 13, Karen 
Stocks and Paul Hart review the biogeography and biodiversity of seamounts in the light of 
biogeographic theory and samples of world-wide plankton. The many components of food 
webs at seamounts are systematized by Tony Pitcher and Cathy Bulman in Chapter 14. In 
Chapter 15, Beth Fulton, Telmo Morato and Tony Pitcher cover the range of approaches 
with which seamount ecosystems and their fi sheries may be modelled.

Finally, Part V presents six views of exploitation, management and conservation of 
seamount ecosystems. Chapter 16 by Helder Marques da Silva and Mário Rui Pinho 
documents the range of artisanal and small-scale fi sheries on seamounts. In Chapter 
17, Malcolm Clark, Vladimir Vinnichenko, John Gordon, Georgy Beck-Bulat, Nikolai 
Kukharev and Alexander Kakora document large-scale distant-water fi sheries on 
seamounts, including much material previously available only in Russian. The world 
catch from seamount fi sheries is estimated using a novel technique in Chapter 18 by 
Reg Watson, Adrian Kitchingman and William Cheung. In Chapter 19, Malcolm Clark 
and Tony Koslow examine evidence for the range of impacts that fi sheries may have on 
seamount ecosystems. Chapter 20 by Keith Probert, Sabine Christiansen, Kristina Gjerde, 
Susan Gubbay and Ricardo Santos reviews the full panoply of concerns of the manage-
ment and conservation of seamount ecosystems. This book closes with a fi nal synoptic 
chapter by the editors presenting a synthesis of the major issues for seamount ecology, 
fi sheries and conservation.

Supplemental material backing several chapters of this book may be found on the web 
site: www.seamountsbook.info. At the same website, material from the Horta workshop, 
newsletters and other material from the 3-year project that produced this book may also be 
found.
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Fig. 1 Participants at the May 2005 seamounts workshop held at the Old Whaling Factory, Horta, Faial, Azores, 
Portugal: 1 Keith Probert; 2 Amatzia Genin; 3 Adrian Kitchingman; 4 Ashley Rowden; 5 Ricardo S. Santos; 
6 Martin White; 7 Mireille Consalvey; 8 Helder M. Silva; 9 Cathy Bulman; 10 Mário R. Pinho; 11 Karen Stocks; 
12 Tony J. Pitcher; 13 Gui Menezes; 14 Chuck Hollingworth†; 15 Kristin Kaschner; 16 Paul Hart; 17 Malcolm 
R. Clark; 18 Tony Koslow; 19 Marco Santos; 20 Sabine Christiansen; 21 John Dower; 22 Jason Hall-Spencer; 
23 Susan Gubbay; 24 André Couto; 25 John Gordon; 26 Helen R. Martins; 27 Malcolm Clarke; 28 Cláudia Sil-
veira; 29 Filipe Porteiro; 30 Alex Rogers; 31 Paul Wessel; 32 Paul E. Brewin; 33 Ana Martins; 34 Sarah Samadi; 
35 Dean Grubbs; 36 Telmo Morato; 37 Thomas Schlacher.

(†deceased)
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Chapter 1

Seamount characteristics

Paul Wessel

Abstract

Seamounts have a volcanic origin from magmatic intrusions through the oceanic crust and 
are associated with spreading centres, mid-plate hotspots comprising upwelling mantle 
plumes, and ocean subduction zones. Factors that control the formation of seamounts 
include water depth, chemistry of the source, age of the seafl oor, and proximity to areas of 
mantle upwelling. Our knowledge of the geomorphology of seamounts is based on under-
water observations, acoustic and tomographic mapping; factors responsible for geomor-
phological features include magma supply, plate stresses, and crustal fabric. The spatial 
and temporal distribution of seamounts is discussed using studies and techniques at a vari-
ety of scales, and an analysis of sizes, frequencies, geographical patterns, and correlations 
with other features, such as island arcs or lines, is presented. Age determinations (geo-
chronology) for seamounts are based on a limited set of dated rock samples or inferred 
indirectly from the seamounts’ size and location in the context of the age of the under-
lying seafl oor. I review what happens to seamounts after they have been formed, including 
plate tectonic considerations, subsidence due to thermal cooling of the lithosphere, and 
changes in the environment due to latitudinal motion. Seamounts may be used as geologi-
cal markers, tracers of intraplate volcanism, and delineators of absolute motion over the 
mantle, and there is a growing awareness of their infl uence on tidal dissipation and global 
circulation. Volcanic islands are a subset of seamounts that currently exceed sea level, and 
may sustain unique fl ora and fauna, providing natural laboratories for ecology, evolution, 
and cultural diversifi cation. Eroded seamounts once above sea level are special cases that 
encourage coral formation in temperate zones.

Introduction

Seamounts are some of the most ubiquitous landforms on Earth and are present in uneven 
densities in all ocean basins. Being volcanic in nature, seamounts are mostly found on 
oceanic crust and to a lesser extent on extended continental crust. They are generated near 
mid-ocean spreading ridges, in plate interiors over upwelling plumes (hotspots), and in 
island arc convergent settings. While some technical defi nitions of a seamount state that 
the feature must have an elevation exceeding 1000 m above the seabed (Menard, 1964), there 
are no geological reasons to separate smaller seamounts from their taller counterparts 
using an arbitrary cut-off height (see Preface for defi nitions of seamounts). Seamounts 
form by effusive eruptions of lava on the deep seafl oor and exhibit strong axial symmetry 
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in the early stages of formation. If magma is available and the seafl oor is mechanically 
strong, the seamount may grow larger, eventually losing its axi-symmetrical shape due 
to more complex distribution of stresses that often lead to the development of rift zones 
and fi ssure eruptions. Volcanic oceanic islands form small subsets of large seamounts 
that have breached sea level. While they exhibit some features that set them apart from 
seamounts, such as exposure to erosion when above sea level, this is a temporary situation 
that depends on relative sea level, which changes as the islands age, subside, and eventu-
ally drown, or as eustatic sea level changes through time.

While the smallest seamounts can only be imaged by high-resolution, multi-beam 
echo-sounders mounted on surface ships, larger seamounts may be observed indi-
rectly from the way they perturb the Earth’s gravity fi eld, causing the equipoten-
tial surface (known as the geoid) to exhibit local ‘bumps’ that can be attributed to the 
seamounts below (see Box 1.1 and Fig. 1.1). Over oceanic areas, the geoid roughly 

Box 1.1 Counting seamounts using satellite altimetry

Global estimates of seamount abundances (see Chapter 2; Wessel, 2001; Kitchingman 
and Lai, 2004) are based on measurements originating with satellite altimetry, 
specifi cally the Geosat/ERS-1 gridded products (for details see Sandwell and Smith, 
1997; Smith and Sandwell, 1997). The radar onboard the satellite directly measures 
the height above the ocean surface. Simultaneously, several ground stations track the 
satellite’s orbit. With this information, one can determine the height of the ocean 
above the Earth’s reference ellipsoid; this anomaly is known as the geoid and refl ects 
variations in the Earth’s gravitational fi eld (Fig. 1.1). Basic potential fi eld theory is 
used to convert the geoid anomaly into a free-air gravity anomaly. Over the oceans, 
the main cause of such gravity anomalies are lateral density variations related to 
undulations of the seafl oor. Because basalt is much denser than seawater, the gravity 
fi eld over a seamount is locally enhanced. However, large seamounts deform the sea-
fl oor giving rise to gravity anomalies. Conveniently, these anomalies tend to be of 
longer wavelengths than those due to the seamount itself, making it possible to study 
the relationship between seafl oor topography and observed gravity in a limited band 
of wavelengths. Smith and Sandwell (1997) used this technique to predict relative 
seafl oor relief given the observed gravity anomalies and then added in regional depths 
based on available ship track bathymetry measurements. The resulting gridded 
bathymetry product is the best global solution as it uses actual bathymetry meas-
urements to calibrate the predictions. However, because satellite altimetry has lim-
ited resolution, it is unable to portray the shortest wavelengths (�15 km) faithfully. 
Further resolution is lost because of the physical law of ‘upward continuation’, i.e., 
the gravitational signal originating at the water/rock interface decays with distance 
away from the seafl oor. Upward continuation affects the shortest wavelengths the 
most, thus at the sea surface much of the short-wavelength information have decayed 
below the noise level. Finally, the methodology has some minor limitations, as there 
will always be some spectral overlap between the two sources of gravity anomalies 
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mentioned above. Overall, this means that features such as the smallest (and deepest) 
seamounts and abyssal hill fabric cannot be well resolved in the presently available 
satellite altimetry. While an improved altimeter may obtain better data and thus improve 
the instrument’s resolution, the degradation by upward continuation will remain 
a fact of nature, preventing a global mapping of all small seamounts from space. It 
is likely that tens of thousands of seamounts in the 1–1.5 km range could be reli-
ably detected if improved satellite altimetry were to become available in the future 
(Sandwell et al., 2002).

Altimeter

Ellipsoid

Ocean

Crust

h

n

Orbit

Sea surface

Sea floor

e

Fig. 1.1 Characterization of seamounts using satellite altimetry. An orbiting altimeter sends radar pulses towards 
the ocean and detects the returns. Given orbit geometry, pulse travel times, and ellipsoid parameters, geoid height 
(n) may be estimated. Since n is a representation of the gravity anomaly over the seamount, it is thus possible to 
infer the location and approximate dimension of the feature indirectly from the gravity anomaly (reproduced from 
Sandwell and Smith, 1997 by permission of American Geophysical Union).
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corresponds to the sea surface; hence, orbiting satellites carrying radar altimeters capable of 
measuring sea-surface height can map these anomalies. Physical laws can then be 
used to convert the geoid signal into a likely seamount shape and size. As acoustic map-
ping improves and spatial coverage increases, additional smaller seamounts are being 
explored, making it apparent that the distribution of seamount sizes follows a power-
law relationship, which itself implies that the number of seamounts with height �100 m 
may exceed 1 000 000. The distribution of seamounts among the world’s ocean basins 
is not uniform, and the preponderance of features is located in the Pacifi c Ocean. Few 
seamounts are found on the smallest tectonic plates, such as the Cocos and Philippine Sea 
plates.

Small seamounts beneath the detection threshold of satellite altimetry are generally pro-
duced at or near mid-ocean ridges, and thus their age distribution refl ects the age of the 
underlying seafl oor. The smallest seamounts may be completely covered by sediment as the 
seafl oor subsides and ages, and they may only be imaged using seismic profi ling. Larger 
seamounts, with some exceptions, are typically found at intraplate locations where the litho-
sphere is older and stronger, and magma is provided by a mantle plume. Seamounts thus 
produced will exhibit a monotonic age progression, with the youngest features directly 
above the hotspot, refl ecting the motion of the plate over the near-stationary plume. Large 
seamounts are also found near convergent plate boundaries, where the melting of recycled 
lithosphere gives rise to buoyant magma that erupts to form arcuate island chains of near-
synchronous volcanic activity.

Seamounts represent a signifi cant fraction (5–10%) of the global volcanic extrusive 
budget and their distribution gives vital information about the spatial and temporal varia-
tions in intraplate volcanic activity. Seafl oor deformation beneath large seamounts provides 
insight into the thermomechanical evolution of the oceanic lithosphere. Seamounts also act as 
obstacles to water currents and thus enhance tidal dissipation; such friction is believed to 
affect global circulation and may infl uence the global climate (e.g., Kunze and Llewellyn 
Smith, 2004). Seamounts in the deep oceans are often covered with a thick ferroman-
ganese crust, which eventually will become economically viable for human harvest (see 
Chapter 7). Finally, seamounts sustain important ecological communities and provide hab-
itats for commercially important fi sh species. Thus, for many diverse reasons a complete 
mapping of the world’s seafl oor and its seamounts is a long-term but costly goal for 
exploration that could ultimately have important ramifi cations for our understanding of 
marine geology and geophysics, physical oceanography, marine resource management, 
and marine ecology.

The volcanic origin of seamounts and islands

While a small minority of seamounts is formed from serpentinite mud (e.g., Fryer, 1992) 
or tectonic uplift of seafl oor crustal blocks (e.g., Schmidt and Schminke, 2000), their 
presence is limited to the forearc regions of subduction zones. The vast majority of 
seamounts, however, are constructional aggregates composed of basalt, refl ecting their 
volcanic origin. While sharing a similar material source, seamounts are typically formed 
in one of three distinct tectonic settings, each imparting unique tectonic characteristics to 
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their offspring. The main factors that separate these origins and the relative importance of 
these classes of seamounts are discussed below.

Intraplate seamounts

It seems clear that the majority of the larger seamounts found in the ocean basins were 
formed in an intraplate setting, far from the presence of active plate boundaries. Because 
of their frequent alignment into linear, sub-parallel chains that appear to correlate with the 
direction of current and past plate motions (e.g., Duncan and Clague, 1985; Wessel and 
Kroenke, 1997; Koppers et al., 2001; O’Neill et al., 2005), the most widely accepted ori-
gin of such seamounts remains the ‘hotspot hypothesis’. Proposed by Wilson (1963) and 
further elaborated by Morgan (1971), the hotspot hypothesis states that these seamounts 
form above more or less stationary mantle plumes or hotspots in the Earth’s mantle. As 
the plates move over these sources, the seamounts thus formed are carried away from the 
source of magma and hence cease to be active. The net result is the formation of a line of 
extinct volcanoes that exhibit a monotonic age progression refl ecting the history of past 
plate motion.

Since the early formulation of the hotspot hypothesis, hotspots have been proposed to 
explain numerous sites of unusual volcanic activity (e.g., Burke and Wilson, 1976; Sleep, 
1990; Clouard and Bonneville, 2001). Nevertheless, despite tantalizing results from Iceland 
(Wolfe et al., 1997), conclusive imaging of the underlying mantle plumes using seismic 
tomography remains elusive (Nataf, 2000). For instance, the archetypal strong plume 
believed to have formed the Hawaii-Emperor seamount chain and currently assumed 
to underlie the Hawaii hotspot at the southeast end of the Big Island of Hawaii is not 
well resolved, whereas other, lesser hotspots (e.g., Easter and Ascension Islands, Azores) 
appear as stronger manifestations in the tomographic images (Montelli et al., 2004). 
Although the simple age progressions predicted by the hotspot hypothesis are confi rmed 
for several seamount chains (such as Hawaii-Emperor and Louisville chains), others 
exhibit a more complex age pattern that casts some doubt on the hotspot theory being 
the only explanation for such volcanism (e.g., Anderson et al., 1992; McNutt et al., 1997; 
Dickinson, 1998).

With some exceptions, seamounts formed by hotspot volcanism tend to grow into the 
largest (Fig. 1.2). In particular, hotspot seamounts formed on old, and hence thicker and 
stronger, oceanic lithosphere can in some cases reach almost 10 km from base on the sea-
fl oor to the tallest island peak, making Mauna Kea, one of the fi ve volcanoes that form the 
Big Island of Hawaii, the tallest mountain on Earth. Given the smallest features (�100 m) 
considered seamounts in this volume, the size of observed seamounts spans almost three 
orders of magnitude. Because large seamounts often penetrate the euphotic zone, they 
have traditionally been the main focus of ecological studies, despite being a small subset 
of all seamounts globally. After all, seamounts formed on oceanic crust must reach at least 
2.5 km just to match the typical mid-ocean ridge depth, and since most larger seamounts 
were formed in even deeper water, only truly large seamounts will have a shallow-water 
presence.

A few large intraplate seamounts are isolated and clearly not associated with any 
hotspot seamount chain, e.g., Shimada seamount in the Pacifi c (Gardner and Blakely, 1984) 
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and Vesteris seamount in the north Atlantic (Haase and Devey, 1994). Because of their 
large size they must have formed on relatively thick and strong crust, which makes it likely 
that the available magma intruded into preexisting zones of weakness in the lithosphere, 
probably made more vulnerable by extensional stresses related to plate motion changes 
(e.g., Sager and Keating, 1984). It is possible that their isolation makes them unique in 
that no nearby seamounts have served as stepping stones for the proliferation of marine 
species.

Mid-ocean ridge seamounts

Most seamounts are small and are believed to have formed near a divergent plate bound-
ary (Batiza and Vanko, 1983; Lonsdale, 1983; Fornari et al., 1988; Jaroslow et al., 2000). 
Here, excess amounts of magma fi nd their way through the thin and fractured crust to form 
small, sub-circular seamounts of short stature, often just a few tens to hundreds of metres 
in elevation (Smith and Cann, 1990). Occasionally, somewhat larger seamounts can be 
formed (Fig. 1.3). It is likely that most, if not all, smaller seamounts were formed in this 
tectonic environment as the thickness of the lithosphere rapidly increases away from 
the mid-ocean ridge, making the penetration of small amounts of magma from an increasingly 
deeper source more diffi cult. Indeed, seamount production rates decrease with increasing 
crustal age and lithospheric thickness, being highest close to the ridge axis (e.g., Batiza, 
1982). At fast-spreading ridges, such as the East Pacifi c Rise, small seamounts form on the 
fl anks of the ridge where the crust is just 0.2–0.3 million years old, and their abundance 

Hotspot
H

Crust

Mantle

Fig. 1.2 Intraplate seamount and island formation over the Hawaii hotspot. Given a thick and strong lithosphere 
(�90 million years old), intraplate seamounts can grow very tall and even breach sea level to form oceanic 
islands. The large volcanic piles deform the lithosphere, which responds by fl exure. The plume beneath the plate 
feeds the active volcanoes by a network of feeder dikes; some magma may pond beneath the crust as well (Watts 
and ten Brink, 1989). As the plate motion carries the volcanoes away from the hotspot (arrow indicates current 
direction of motion), they cease to be active and form a linear seamount/island chain.
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correlates with spreading rate (White et al., 1998). In contrast, at slow-spreading ridges, 
such as the Mid-Atlantic Ridge, small seamounts appear to be produced almost exclusively 
within the median valley (e.g., Smith and Cann, 1990). Studies have shown that many of 
these new seamounts undergo extensive tectonic deformation by normal faulting, reduc-
ing their original heights considerably (Jaroslow et al., 2000). It is also clear that because 
of increased sediment coverage on older seafl oor (e.g., Ludwig and Houtz, 1979), the 
smallest and most numerous seamounts with height less than 100 m are likely to be buried 
after a few tens of millions of years.

Crust

Mantle

Lithosphere

Astenosphere

Fig. 1.3 Seamount formation near the East Pacifi c Rise. Here, the Pacifi c and Nazca plates are separating at rates 
exceeding 10 cm/year. The thin and weak plates cannot sustain very large volcanoes and typically only smaller 
cones are found. In this setting, excessive magma at depth is diverted into feeder dikes that reach the surface on 
the ridge fl ank, forming small volcanoes.

Whereas this class of seamounts is important to geologists interested in the study of 
underwater eruption mechanisms and the cumulative magmatic budget of mid-ocean ridge 
systems, their small sizes virtually guarantee that their summits will never reach shallower 
water and become as important ecologically as their taller, hotspot-produced counterparts. 
However, the ecological role of deep, small seamounts is still poorly understood, although 
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they can have large impacts on the doming of watermasses and consequent upwelling of 
deep nutrients (see Chapter 4). In few instances where mid-ocean ridge seamounts do 
grow tall, a hotspot plume such as those beneath Iceland or the Azores is believed to pro-
vide the extra magma.

Island arc seamounts

Distinctly different from the two other classes of seamounts, island arc seamounts form 
at subduction zones where one oceanic plate is being forced beneath the other. As sub-
ducting plates descend into the mantle, the higher pressure and increasing temperatures 
eventually cause decompressional melting of the old seafl oor crust, the blanket of wet sed-
iments (if any), and any preexisting seamounts, to produce an ascending basaltic melt of a 
different magmatic composition than is available at spreading centres (Fig. 1.4). In par-
ticular, the magma may be more volatile, increasing the chance of explosive eruptions. 
Geometrically, the distribution of these island arc seamounts and islands refl ects the trend of 
the convergent plate boundaries, and the overall plate tectonic geometry places strong con-
straints on the evolution of such seamounts (e.g., Fryer, 1996). Geographically, these island 
arc seamounts are found in the relatively narrow collision zones between the converging 
tectonic plates, thus occupying a small area of the total seafl oor. Like hotspot-produced 
seamounts, island arc seamounts can reach considerable height and often form islands, 
hence the term island arcs. However, unlike hotspot-produced seamounts, the volcanic 
activity along an active arc is essentially simultaneous, geologically speaking, with older 
seamounts being overprinted by younger ones.

Crust

Mantle

Fig. 1.4 Island arc formation in the Kermadec trench. The subducting Pacifi c plate and its sediments will melt at 
depth and form rising diapirs, eventually erupting to create an arc of volcanoes that parallels the subduction zone. 
Note that the oldest part of the Louisville seamount chain (another intraplate chain) is currently being subducted, 
possibly affecting the trench geometry.
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Morphology and the evolution of seamounts

Seamounts are born deep below the sea surface, where a considerable weight of water 
(‘overburden’) is pressing down upon the embryonic volcanoes (Fig. 1.5a). Following a 
pathway of preexisting cracks or weaknesses, buoyant magma fi nds its way to the sur-
face. Because seamounts are constructed predominantly on oceanic crust that typically 
formed at mid-ocean ridge depths of �2.5 km and subsequently began subsiding as the 
crust became colder and denser, eventually reaching depths of 5–6 km (e.g., Hillier and 
Watts, 2004), an emerging seamount will be exposed to a water pressure of 25–50 MPa. 
Consequently, volcanic gases within the magma body cannot expand and extrusive fl ows 
are generally effusive. The cooling effect of seawater also affects the shape of the vol-
cano, allowing construction of steeper fl anks that are generally possible once the volcano 
builds up above sea level (e.g., Macdonald et al., 1986). At fi rst, the seamount is typically 
fed from a central vent, resulting in an almost circular feature. Many seamounts, in par-
ticular those formed near the mid-ocean ridge from small amounts of excess magma, do 
not develop beyond this stage. However, hotspot seamounts will generally undergo a more 
complex evolution as developing stresses within the crust and the fl anks of the seamount 
become larger and start to dictate the further development of the volcano (Borgia et al.,
2000; Mitchell, 2001).

During the deep-water stage, the high water pressure will impose non-explosive erup-
tions, which take the form of lava fl ows or pillow basalts. Circular symmetry is largely 
maintained, and many develop summit craters. If adequate magma supply is available and 
the seamount is allowed to grow taller, gravitational stresses in the fl anks, possibly enhanced 
by fl exural stresses transmitted from the increasingly deformed subsurface, will favour 
the development of rift zones. Such rift zones (well developed in the Hawaiian Islands) 
will break the circular symmetry and lead to the construction of long ridges from fi ssure 
eruptions (e.g., Dieterich, 1988). As the summit of the seamount approaches sea level (Fig. 
1.5b), water pressure can no longer keep gases locked up in the magma and explosive 
eruptions become more common (e.g., Macdonald et al., 1986). As sea level is breached, 
the extrusive products tend to be fi ner-grained, more vesicular, and structurally less resist-
ant to modifi cations by the environment. This inherent weakness allows steady erosion to 
shape the islands, augmented by large landslides as has been observed on the fl anks of 
many large volcanic islands (e.g., Holcomb and Searle, 1991). The combined effect of rift 
zones, erosion, and landslides is to modify the basic circular shape of seamounts into stel-
late forms (e.g., Mitchell, 2001).

Once the island is well established, the life of the volcano enters the shield-building 
stage, during which large fl ows of aa and pahoehoe lava are extruded, gradually build-
ing up the island (Fig. 1.5c). When active construction fi nally wanes, the island no longer 
regenerates to keep up with the destructive forces of erosion (Fig. 1.5d). Combined with 
long-term thermal subsidence of the seafl oor and isostatic adjustments (e.g., Moore, 
1987), this brings the summit area back to sea level, where wave erosion fl attens the sum-
mit to produce a fl at-topped guyot (Clague, 1996). As pointed out by Darwin (1842), 
coral growth will tend to keep up with the subsidence rate, capping many volcanic islands 
with a thick coral reef layer before subsidence eventually drowns the seamount altogether. 
Complex interplays between eustatic sea level changes, vertical isostatic adjustments, 



Fig. 1.5 Life stages of large intraplate volcanoes. (a) Effusive eruptions at great depth form an embryonic volcano. 
(b) As the volcano approaches sea level, the lower water pressure allows gases to expand leading to explosive 
eruptions, forming more vesicular lavas and volcanoclastic deposits. (c) Once above sea level, effusive eruptions 
return to produce large volcanic shields that constitute the bulk of the island. (d) After the volcano becomes ex-
tinct, erosion and subsidence eventually bring the volcano down to sea level. Fringing reefs may form and reef 
growth may match subsidence for a while before the seamount drowns, leaving a fl at-topped guyot (redrawn from 
Macdonald et al., 1986 with permission of the University of Hawaii Press).
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and climate changes at the seamount caused by plate motion, result in a wide variety 
of seamounts, some with fringing reefs, others with lagoons with calcareous sediments, 
while others never developed a coral cap and may have drowned long ago (e.g., Grigg and 
Epp, 1989; Moore et al., 1996; Flood, 2001).

Research has shown that while many fl at-topped seamounts are guyots that obtained 
their shape as a consequence of wave erosion, others never reached sea level (Fig. 1.6) 
and must have developed their truncated shape by other means (e.g., Simkin, 1972). 
While it is unlikely that a single mechanism can explain the shape of all seamounts, it is 
believed that the presence of a shallow magma chamber within the volcano may modu-
late the growth of the seamount (e.g., Barone and Ryan, 1990; Clague et al., 2000). This 
insight is being corroborated by geophysical investigations that have inferred the presence 
of fossil magma chambers beneath several islands and atolls in French Polynesia on the 
basis of their anomalous contributions to the residual gravity fi eld (Clouard et al., 2000).

Fig. 1.6 Taney seamounts located on the fl ank of the Juan de Fuca ridge. While near-ridge seamounts are gener-
ally small, occasionally somewhat larger seamounts can form, such as these seamounts that reach ~1–2 km in 
height. Despite their truncated appearances, these seamounts were never at sea level but obtained their shape by 
fi lling in collapsed calderas (modifi ed from Clague et al., 2000 by permission of American Geophysical Union). 
Inset: Map of Oregon and Washington State coastline showing location of ridge.
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The distribution of seamounts

Seamounts are distributed both in space (geographically) and time (temporally), and studies 
of these variations have provided key insights into several factors that control their 
formation.

Spatial distribution

Studies of the distribution of seamounts in the world’s oceans have determined that their 
number varies considerably between ocean basins, they tend to form both linear and random 
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constellations, and their sizes and distributions provide invaluable information about their 
origins. From single-beam echo-sounder profi les, via multi-beam surveys, to defl ections 
of the vertical and bathymetry grids inferred from satellite altimetry studies have found 
that the distribution of seamounts over a wide range of sizes is well approximated by an 
exponential or a power-law model (Jordan et al., 1983; Smith and Jordan, 1987, 1988; 
Craig and Sandwell, 1988; Wessel and Lyons, 1997; Wessel, 2001; Kitchingman and Lai, 
2004). Such models refl ect the observation that most seamounts are small, and by extrap-
olating the power-law trends obtained for larger seamounts observed in global altimetry-
derived grids there may be perhaps as many as 100 000–200 000 seamounts reaching 
heights of 1 km or more (see Box 1.1 and Chapter 2). Further extrapolation down to the 
smallest seamount sizes observed (a few tens of metres) suggests seamount populations 
reaching into millions, but at the same time the majority of such small seamounts will 
likely become buried by sediments, given the typical thickness (100–200 m) of sediment 
in the world’s ocean basins (e.g., Ludwig and Houtz, 1979). Consequently, the smallest 
seamounts are most often observed on young seafl oor with modest sediment cover.

The abundance of seamounts has been shown to vary considerably among the ocean 
basins (Fig. 1.7). The Pacifi c basin (and in particular the Pacifi c tectonic plate) is host 
to nearly half of the seamounts that are large enough (��2 km) to be well expressed in 
satellite altimetry datasets (Wessel and Lyons, 1997; Wessel, 2001). The Atlantic and 
Indian oceans combine to contain most of the remaining seamounts, with considerably 
fewer appearing to reside on plate segments that are located at high latitude (e.g., northern 
Atlantic on either the North American or Eurasian plates) or on plates that are relatively 
small (e.g., Cocos, Philippine Sea). While global investigations based on Geosat/ERS-1 
satellite altimetry have been limited to the �72 latitude band (e.g., Wessel, 2001), casual 
inspections of bathymetry data for the polar ocean basins reveal only a modest number of 
seamounts.

It is not entirely clear what causes seamount abundances to vary globally. One factor 
may be the underlying distribution of mantle plumes, which are found in higher num-
bers beneath plates with higher observed seamount abundances. However, one would still 
expect excess magma at the spreading centre to continue production of the smaller and 
more numerous seamounts. Another factor may be systematic variations in plate stresses, 
with smaller plates possibly being in a compressional stress state, which would not favour 
the intrusion of magma through the seafl oor. Indeed, the incremental construction of oce-
anic plates, which thicken by the addition of new material freezing onto their undersides, 
leads to a stress profi le that implies a compressional stress regime in the crust (Parmentier 
and Haxby, 1986; Denlinger and Savage, 1989). Smaller plates are also less likely to have 
a directional regional stress dominate, and often, as in the case of the Cocos plate, exhibit 
relatively young, and hence light, seafl oor being subducted, thus being associated with 
only a marginal negative buoyancy force. In contrast, the large Pacifi c plate, in particular 
the equatorial region, appears to be under tension from the slab pull forces at the distant 
subduction zones, as evidenced by widespread extensional volcanism that is neither asso-
ciated with hotspots nor mid-ocean ridges (Winterer and Sandwell, 1987; Sandwell et al.,
1995; Searle et al., 1995). Finally, plates that move the fastest over the underlying mantle 
appear to have the highest seamount abundances provided they share at least one spread-
ing plate boundary.
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Island arcs aside, the observed spatial distribution of seamounts appears to be the 
result of a super-positioning of seamounts formed by two separate processes, as discussed 
in the section ‘The volcanic origin of seamounts and islands’. Divergent plate boundaries 
appear to produce a near-steady stream of new, small seamounts, most of which exhibit 
no particular clustering pattern, whereas mantle plumes or hotspots generally create both 
small and large seamounts that tend to be organized in linear groups, refl ecting the rela-
tive motion between the mantle source and the overriding plate. Frequency–size analy-
sis (Fig. 1.8) of the combined seamount populations does not immediately separate out 
the two modes of production, but it is possible that this refl ects the inability of satellite 
altimetry to detect smaller seamounts (�1 km) and the lack of signifi cant spatial coverage 
of small-size seamount provinces using multi-beam techniques. Further improvements in 
satellite mapping technologies combined with a global reanalysis of available multi-beam 
data are needed to resolve this issue. Unfortunately, the ideal situation – complete multi-
beam coverage of all seamount provinces – is likely to be too costly and time consuming, 
but would provide a long-lasting impact on all aspects of the ocean sciences (Vogt and 
Jung, 2000).
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Fig. 1.8 Global seamount size–frequency distribution. The solid circles indicate the number of seamounts taller 
than a given size, as inferred from satellite altimeter data (Box 1.1). For seamounts �2 km tall, the data are well 
explained by a scaling rule (solid line). For heights �2 km, the trend levels off because these more numerous 
small seamounts fall below the resolution of the altimetry data. This analysis suggests that only ~15 000 out of a 
potential of ~200 000 seamounts greater than 1 km in height have been mapped.
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Temporal distribution

Despite the lack of absolute ages except for a tiny subset of islands and seamounts, 
enough has been inferred from available age data, the constraints furnished from seafl oor 
age and the size of seamounts to conclude that the production of seamounts is not strictly 
steady state. The evidence points to periods characterized by enhanced production rates. 
This appears to be particularly clear during the Cretaceous (146–65 million years ago), 
during which time Pacifi c seamount production rate was almost twice as high as today, 
resulting in numerous large intraplate seamounts now present in the West Pacifi c. It is 
probably no coincidence that this period also saw the formation of several large oceanic 
plateaus, such as the Ontong Java, Manahiki, Shatsky, and the Mid-Pacifi c Mountains 
(Larson, 1991; Coffi n and Eldholm, 1994). While the majority of these large seamounts 
are not dated and hence cannot be directly correlated with plateau formation, the available 
dates (Koppers et al., 1998) as well as predicted ages based on the size–frequency distri-
bution appear to place the extra production of seamounts to about the same time as the 
plateau formation (Cazenave and Royer, 2001; Wessel, 2001).

The ages of seamounts

Seamounts are among the youngest geological features on Earth, refl ecting the youthful-
ness of the oceans in general and the regenerative processes of plate tectonics in particu-
lar. However, only a few seamounts are currently volcanically active and they tend to be 
restricted to (i) the very youngest volcanoes of hotspot island chains (such as Hawaii, 
Samoa, Reunion, and others); (ii) various places along active island arcs; and (iii) newly 
formed smaller seamounts associated with mid-ocean ridges (e.g., Scheirer et al., 1996). 
Many volcanic islands and a few seamounts have been dated using radiometric techniques, 
yielding absolute ages with a fairly narrow uncertainty band (Clouard and Bonneville, 
2001). However, only a tiny fraction of all seamounts has been dated with such techniques 
and, given the time and cost of acquiring suitable samples and performing the careful lab-
oratory procedures necessary for reliable age determinations (e.g., Koppers et al., 2003), 
other techniques are necessary to study the population at large. Several different lines of 
enquiry allow an indirect assessment of the ages of seamounts. Beyond the obvious geo-
logical interest in dating seamounts, the ages of seamounts may be a signifi cant parameter 
in the study of the evolution of endemic ecologies at seamounts.

The age of the seafl oor

Unlike seamounts, the underlying seafl oor has been well dated as a result of the near-
global availability of marine magnetic anomalies, resulting from the frequent reversal of 
the Earth’s magnetic fi eld (e.g., Cande et al., 1989). Detected by magnetometers towed 
behind surface ships and by low-fl ying aircraft, linear magnetic anomalies, called iso-
chrones, have been mapped throughout the world’s oceans, and assigned absolute 
ages by careful calibration with radiometrically dated lava fl ows both on land and at sea. 
Apart from seafl oor formed during the Cretaceous Superchron (a time of few magnetic 



18  Seamounts: Ecology, Fisheries & Conservation

reversals: e.g., Larson and Olson, 1991), we now know the age of the seafl oor almost eve-
rywhere (Müller et al., 1997). Because seamounts are necessarily formed after the creation 
of the underlying seafl oor, such ages also serve as upper age boundaries for seamounts. 
While the oldest seafl oor is close to 200 million years, the mean seafl oor age is only �80
million years; hence, most of the seafl oor features, and thus most seamounts, are young, 
geologically speaking.

Implied age progressions

Seamount chains believed to have formed over a mantle plume are expected to exhibit a 
simple, monotonic age progression away from the active hotspot or site of the most recent 
volcanic activity. Hence, plate motion models calibrated from available age data can be 
used to predict the ages of undated seamounts in linear seamount chains. Such estimates 
can be fairly reliable, in particular in younger seamount chains, and furthermore provide 
useful tests for the hotspot hypothesis. However, as we go back in time beyond ~70 mil-
lion years such models become increasingly less reliable due to the scarcity of dates and 
copolar linear chains (Koppers et al., 2001; Kroenke et al., 2004) as well as the observed 
complexity of age trends in the older ocean basins (Koppers and Staudigel, 2005).

Isostatic implications

Seamounts represent long-term loads on the oceanic lithosphere, which deforms mechani-
cally by elastic fl exure (e.g., Watts, 2001). The exact nature of the fl exural deformation 
depends on the age of the lithosphere when the load was emplaced, with younger, and thus 
warmer and thinner, lithosphere deforming at a shorter wavelength than older, and thus 
colder and thicker, lithosphere. These different states of isostatic compensation can be 
inferred by studying the gravity fi eld over mapped seamounts and, by equating short-
wavelength fl exural deformation with a young plate at the time of seamount formation, an 
approximate age of the seafl oor at the time the seamount was emplaced can be deduced 
(and by knowing the seafl oor age we thus obtain the present seamount age). Although 
the resolution of such ages is in most cases only adequate to classify a seamount as hav-
ing formed either in an ‘on-ridge’ or an ‘off-ridge’ setting, such information can help to 
determine if the seamount formed in an intraplate setting and thus most likely was formed 
over a hotspot (e.g., Ribe and Watts, 1982; Watts et al., 2006).

Size–age relationship

Statistical studies reveal that small seamounts form predominantly on young and thin 
oceanic crust, whereas the largest seamounts form on old and thick lithosphere (Epp, 
1984; Wessel, 2001). No single physical explanation, such as constant hydrostatic head 
of magma columns (e.g., Eaton and Murata, 1960; Vogt, 1974) or limiting stresses in 
the fl anks of seamounts (e.g., ten Brink, 1991; McGovern and Solomon, 1993; Wessel, 
2001), has yet been conclusively shown to cause this observed trend. Nevertheless, 
most of the proposed mechanisms predict a similar (and strictly monotonic) relationship 
between the seamount size and the age of the seafl oor at the time of seamount formation. 
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Consequently, one may attempt to use the observed size of a seamount as a proxy for its 
age at the time of formation, and with seafl oor ages being generally available, a predicted 
age can be obtained for most undated seamounts. Whereas such predictions are subject to 
large errors, they may nevertheless serve as reconnaissance ages, which may be useful in 
testing theories of seamount formation, intraplate volcanic magnetic budgets, and plate 
tectonic evolution (Wessel, 1997, 2001), and thereby provide upper age estimates for the 
time available for endemic species to have evolved.

The impact of seamounts

Seamounts are important in several contexts, including geological, oceanographic, and bio-
logical/ecological, and possibly in the mining for mineral resources. To date, most explo-
rations of seamounts have had a geological focus, but other aspects (such as biological) 
are becoming more common. The main impacts that seamounts have had on these differ-
ent fi elds are outlined below.

Geological impact

Seamounts are windows to the mantle that allow scientists to study the nature of erupt-
ing magma in detail. While overwhelmingly basaltic, minor changes in the chemical and 
isotopic composition of lavas can be mapped. Such patterns can be used to make infer-
ences about the source, such as the depth of the magma and its ultimate composition 
(e.g., Janney et al., 2000). The extrusive volume represented by seamounts is a signifi cant 
fraction of the entire crustal production, perhaps as much as 10% (Batiza, 1982). Both 
spatial and temporal variations in this intraplate volcanic budget shed light on the plate 
tectonic evolution of the ocean basins and the mechanisms by which the Earth gets rid 
of its excess heat. The alignment of seamounts into chains provides a means to decipher 
the motion of the tectonic plates over long geological intervals, enabling a better under-
standing of the climatic changes experienced at islands than simply follows from latitudi-
nal migration of plates carrying seamount provinces on their backs (e.g., Kroenke, 1996). 
Many seamounts have active hydrothermal convection systems that may have a signifi -
cant effect on element cycles involving seawater (Batiza, 2001). They also participate in 
the dissipation of residual heat from the formation of both seamount and seafl oor (e.g., 
Harris et al., 2004). Finally, seamounts and islands act as measuring sticks for relative sea 
level variations, which can have both eustatic and tectonic components (Douglas, 1991; 
Tushingham and Peltier, 1992).

Oceanographic impact

The bathymetry of the ocean fl oor infl uences the ocean circulation in several ways (see 
Chapter 4). Most importantly, fi rst-order bathymetric features such as ridges and plateaus 
steer the currents and in places provide barriers that prevent deep waters from mixing with 
warmer, shallower waters. However, there is a growing awareness that smaller-scale 
bathymetry, such as seamounts, may play a formerly overlooked role in the turbulent mixing 
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of the oceans (e.g., Kunze and Llewellyn Smith, 2004). In fact, measurements suggest 
that mixing around a shallow seamount is many orders of magnitude more vigorous than 
in areas far from seamounts (Lueck and Mudge, 1997). The precise understanding of how 
the Earth’s climate will evolve depends on how quickly heat and carbon dioxide can pen-
etrate into the deep oceans, and assumed rates of vertical mixing can considerably affect 
model predictions. Further mapping of seamounts and the inclusion of an accurate rep-
resentation of the seafl oor into models of global ocean circulation will be necessary to 
improve predictions of climate (e.g., Jayne et al., 2004).

Ecological impact

Representing obstacles to fl ow, seamounts induce local currents, which can enhance 
upwelling around the seamount (see Chapters 4 and 5). As this may bring up nutrients 
from the deeper ocean, primary productivity is enhanced, supporting a wide variety of life 
(Rogers, 1994). The importance of seamounts as habitats for biological communities and, 
in particular, fi sh is being increasingly recognized. Islands, a subset of seamounts that 
currently exceed sea level, also sustain unique fl ora and fauna, and provide natural labo-
ratories for the study of marine ecology, evolution, and cultural diversifi cation (e.g., Price 
and Clague, 2002).

Mineral resources impact

Older seamounts may accumulate a ferromanganese oxide crust that is enriched in the 
elements cobalt, copper, manganese, and sulphur, typically occurring at depths exceeding 
3 km (e.g., Friedrich and Schmitz-Wiechowski, 1980; Grigg et al., 1987). It has been esti-
mated that the total cumulative amounts of such marine mineral resources might exceed 
the amounts currently available on land. So far, the cost of harvesting deep ocean nodules 
and crusts has been prohibitive. However, rising prices associated with depletion of simi-
lar, terrestrial resources will likely make deep ocean resources more attractive, especially 
since the bulk of these are outside the exclusive economic zones of the adjacent countries 
(e.g., Baker et al., 2001).
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Chapter 2

How many seamounts are there and
where are they located?

Adrian Kitchingman, Sherman Lai, Telmo Morato and Daniel Pauly

Abstract

Knowledge of seamount distributions is becoming more important in a wide range 
of research fi elds. Originally dominated by geophysical research, the identifi cation of 
seamounts and their distribution now ranges from determining tectonic plate evolution to 
habitat mapping of seamount species. This, coupled with growing interest from commer-
cial and geopolitical bodies, has further increased the need to geo-locate seamounts and 
determine the extent of their abundance. Whatever the method used, generally a seafl oor 
peak is identifi ed. Characteristics of the seafl oor topography surrounding the peak are then 
used to determine whether the peak is the top of a seamount. The technologies used to 
identify seamounts from seafl oor topography have advanced in sensitivity and coverage. 
This has resulted in a variety of methods to identify seamounts and estimate their abun-
dances. The different features of two key techniques for seamount detection, sonar and 
satellite altimetry, have resulted in two research approaches. Due to coverage limitations, 
sonar seamount abundance estimates must be based on seamount sub-samples and extrapo-
lated for larger coverage. Satellite altimetry is capable of near-global coverage, but is 
only able to identify and geo-locate large seamounts (higher than 1 km); it must therefore
extrapolate abundance for smaller seamounts. In an attempt to create a global geo-dataset 
of seamounts, we have developed a relatively simple methodology for identifying and geo-
locating potential seamounts. Using bathymetry data derived from altimetry, approximately 
14 000 large seamounts greater than 1 km in height were identifi ed. The resulting geo-data-
set of seamounts offers an indication of the distribution of seamounts over the seafl oor and 
shows that over 60% of seamounts occur in the Pacifi c Ocean. It was also determined that 
50% of the seamounts occur within the exclusive economic zones (EEZs) of countries. 
Detailed datasets of seamount locations will help to identify potentially vulnerable regions 
and improve the understanding of ecological processes involved. This will in turn be an 
important contribution to the management and conservation of seamounts.

Introduction

The statement ‘the surfaces of Mars, Venus, and the Moon are much better mapped than 
Earth’s ocean fl oors’ (Sandwell et al., 2002) becomes clearly evident when one attempts to 
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determine seamount abundance and seafl oor distribution. To date, global bathymetric maps 
largely rely on interpolation to create a complete seafl oor topography. In fact, the quality 
of depth values for some large areas of current global bathymetric data has been likened to 
the extrapolation of the US topography from its interstate highways (Sandwell et al., 2002). 
That said, many attempts, mostly geophysical, have been made to determine the extent of 
seamount seafl oor coverage since the mid-twentieth century. The importance of locating 
and describing seamounts is now refl ected in research ranging from the explanation of 
oceanic crust evolution to habitat mapping of species associated with seamounts, with a 
growing engagement of commercial and geopolitical interests (see Chapters 1 and 20).

Just as the interest in seamount distributions has increased, so have the forms of data 
acquisition and analysis broadened over time. Originally relatively limited tracks of 
bathymetric profi les were used to estimate seamount numbers for single or partial ocean 
basins. With the accumulation of bathymetric data and advances in a number of bathym-
etry acquisition techniques, it is now possible to extrapolate seamount populations at a 
global level.

Bathymetry acquisition and data

The development of active sonar in the early 1900s provided the fi rst means of research 
into seamount dimensions and their seafl oor distribution. At its most basic, active sonar 
measures depth by timing the return of a sound pulse refl ected by the seafl oor. A towed 
or hull-mounted sonar device would measure the bathymetric profi le along the path of 
a research vessel. The early active sonars, wide and single narrow beam, only produced 
single-dimensional profi les of the seafl oor. Wide-beam sonars had little resolution of 
the actual direction of the sound pulse, so only indicated the shallowest depths within 
the swath of the sonar track. Single-narrow-beam sonars improved the accuracy of depth 
measurements by having the ability to focus a sound pulse. Their shortcoming was the 
limited coverage of the seafl oor by a single pulse. The introduction of multi-beam sonar 
fi lled the need for accurate depth measurements across a wide track. This system com-
bines the advantages of the narrow- and the wide-beam systems to yield accurate depth 
profi les across a wide swath. Essentially, in a single pulse, multiple narrow beams simul-
taneously return more than 100 soundings that measure depth across a wide swath per-
pendicular to the ship. This allows two- and three-dimensional mapping of the seafl oor 
topography at a high resolution.

Although multi-beam bathymetric readings are still the preferred method for high-
resolution bathymetric mapping, their use in global analyses of the seafl oor is limited, 
since only a ship’s track is mapped. Trying to obtain a global bathymetric dataset in this 
fashion would be prohibitively expensive and impractical. Satellite altimetry, a more 
recent technology, has been used to meet the need for global bathymetric coverage. 
Satellite altimetry measures the difference between the sea surface and Earth’s ellipsoid, 
which is then used to calculate the Earth’s geoid (see Box 1.1).

Many early altimetric seamount studies used US Navy Seasat satellite data (e.g., 
Lararewicz and Schwank, 1982; Dixon et al., 1983; Baudry et al., 1987; Craig and 
Sandwell, 1988). However, the Seasat coverage was sparse, with tracks separated by 
around 100 km. With such large spacing, any seamounts between tracks would have been 
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missed or incompletely described (Wessel, 2001), affecting any global estimates (e.g., 
Craig and Sandwell, 1988). More recently, the combined datasets from the US Navy 
Geosat and European Space Agency ERS-1 satellites have provided a much denser alti-
metric dataset with only a few kilometres between tracks. Although the resulting gridded 
map only ranges from 72° north and south, this data has provided the basis for many of 
the most current global seamount distribution studies (e.g., Wessel, 2001).

While a global bathymetric grid can be inferred from altimetry and sonar bathymetry 
tracks, such grids are diffi cult to produce and vary widely in quality and resolution. It is 
important to remember this when examining any methods that attempt to extract topo-
graphic features from these gridded datasets.

There are a number of global bathymetry grids available, mostly composed of various 
baseline sources, including bathymetric map contours (GEBCO, 2003), echo-sounding 
tracks, and satellite altimetry. Arguably one of the most frequently used global bathy-
metry grids is that based on a model pioneered by Dixon et al. (1983) from which Smith 
and Sandwell (1997) interpolated an almost global seafl oor bathymetric dataset. They 
combined Geosat/ERS-1 altimetry data and bathymetric soundings to produce a bathymet-
ric grid at a resolution of approximately 2 arc minutes. The Smith and Sandwell (1997) 
dataset has also become the basis for other bathymetry grids that incorporate localised 
non-altimetric sources (e.g., ETOPO2, 2001; NRL DBDB2, 2003; GINA, 2004) to attempt 
a complete global coverage. Efforts to combine bathymetric datasets can lead to resolu-
tion degradation and in some cases, mistaken registration or mismatches between mapped 
features and their real-world position (Marks and Smith, 2006). Seafl oor topography data-
sets for global analyses are expected to become increasingly useful with access to higher-
resolution satellite altimetry and as military sonar archives are declassifi ed.

Seamount identifi cation

The ability to characterise seamounts from bathymetric data is key to any attempt to esti-
mate seamount abundance. Seamounts are identifi ed using a number of techniques, all 
of which involve a topographic feature to fi t the criteria of a predefi ned seamount shape. 
Menard (1959) fi rst suggested a comparative seamount defi nition and estimated seamount 
numbers for the Pacifi c basin. His defi nition of a seamount as ‘an isolated elevation from the 
seafl oor with a circular or elliptical plan, at least 1 km of relief, comparatively steep slopes 
and a relatively small summit area’ (Menard, 1964) has provided a basis for many defi nition 
variants throughout the literature. The defi nition of a seamount in this book (see Preface) is 
evidence of the way in which different scientifi c disciplines identify the term ‘seamount’.

Despite advances in identifi cation methods, the basic process of isolating seamounts 
from baseline data has remained the same. This generally involves fi rst identifying topo-
graphic maxima or peaks and then comparing the individual surrounding topographic 
dimensions of each peak with a set of parameter thresholds. Since two-dimensional bathy-
metric charts or sonar tracks of the seafl oor have become available, many studies have 
relied on closed contours to single out peaked features (e.g., Batiza, 1982; Fornari et al.,
1987; Abers et al., 1988; Jaroslow et al., 2000). The introduction of gridded data has 
introduced automated methods that compare neighbouring grid values to determine local 
maxima (e.g., Wessel and Lyons, 1997; Wessel, 2001).
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With the steady increase in quality and types of data used to identify seamounts, various 
seamount characteristics have been qualifi ed and incorporated into models. The circular 
or elliptical nature of a seamount’s base perimeter, either visually identifi ed or measured 
by a length/width ratio, has proved to be a robust parameter and has been used persist-
ently (e.g., Batiza, 1982; Epp and Smoot, 1989; Smith and Cann, 1990; Jaroslow et al.,
2000). Batiza (1982) also introduced a seamount slope threshold of �6, broadened to 17° 
by Smith and Jordan (1988). Height-to-radius ratio has been found to be fairly constant 
across seamount sizes (Simkin, 1972; Lacey et al., 1981; Jordan et al., 1983), although 
Abers et al. (1988) noted that larger seamounts are more regular in shape than smaller 
ones. Analysis of wide-beam sonar profi les by Jordan et al. (1983) used a seamount fl at-
ness threshold, defi ned by the ratio of the radius at the top to the radius at the bottom, to 
provide a defi nition of a seamount as approximating a truncated right circular cone.

Craig and Sandwell (1988) pioneered the use of the Seasat satellite altimetry data in 
seamount distribution research. Possible seamounts were located by visually identifying 
a characteristic peak and trough on the along-track slope of the geoid or vertical defl ec-
tion profi le (Craig and Sandwell, 1988). By measuring the dimensions of these signa-
tures, researchers could estimate the diameter of a seamount using a modelled Gaussian 
seamount shape. Wessel and Lyons (1997) used the vertical gravity gradient (VGG) 
or geoid curvature derived from the denser Geosat/ERS-1 altimetric data to identify 
seamounts. Their process involved the automated detection of local peaks in the VGG 
and the use of a closed VGG contour threshold to isolate possible seamounts. The poten-
tial seamount locations were then modelled using a Gaussian seamount shape to esti-
mate seamount radius and height. Their model also incorporated the ability to determine 
dimensions of overlapping seamounts where more than one maximum occurred within a 
closed contour. Separating seamounts from peaks along fracture zones and ridges is a per-
sistent problem in the automated identifi cation of local peaks (Craig and Sandwell, 1988; 
Wessel and Lyons, 1997). Wessel and Lyons (1997) managed to reduce this problem by 
excluding seamounts within a certain distance of a fracture zone or trough.

The size of seamounts to include is a factor of constant concern within seamount loca-
tion and abundance research. Height or relief is the most common parameter used to 
defi ne the size of a seamount. Although originally defi ned as greater than 1 km (Menard, 
1964), seamounts are now characterised at a range of heights from greater than 500 m 
(Cailleux, 1975) to greater than 50 m (Smith and Cann, 1990). The bathymetric data acqui-
sition technique has furthered the importance of height as a limiting parameter. Modern 
sonars are able to detect features rising only metres from the seafl oor, while altimetry is 
still restricted to identifying seamounts greater than 1–2 km. This has led to a distinction 
between large and small seamounts often used when extrapolating seamount abundances.

Seamount count methodologies

The estimation of seamount numbers over the years has been a complicated and diffi -
cult task. Most efforts have been restricted to single or partial ocean basins due to 
limited coverage by shipboard sonar tracks. The incomplete nature of bathymetric data, 
either through coverage or resolution, has led to the development of statistical techniques 
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to extrapolate seamount abundances. Areal statistics were pioneered by Menard (1959), 
who treated bathymetric profi les as random samples that yielded an areal/density value 
of a random distribution of seamounts. Seamount numbers from areal distribution stud-
ies have varied widely over time, often using different height ranges, making it diffi cult 
to contrast investigations in a standardised manner (Smith, 1991). For the Pacifi c Ocean, 
Menard (1959) initially estimated 10 000 large seamounts (�1 km in height). Since then, 
estimated numbers have ranged widely with small seamounts potentially numbered in 
millions (see Fig. 2.1).
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Fig. 2.1 Seamount abundance estimates for the Pacifi c Ocean from key published literature. The symbol * 
indicates a count of seamounts directly identifi ed from underlying data, otherwise they will have been statistically 
derived. Depicted seamount estimates are rounded.

Early on it was noticed that the numbers of Atlantic seamounts decreased as the function 
of height increased (Litvin and Rudenko, 1971; Udinstev et al., 1976). Batiza (1982) con-
cluded that small seamounts were more abundant than larger ones and suggested that the 
size–frequency distribution of Pacifi c seamounts followed a Poisson-like trend. Although 
the Poisson distribution assumption has been carried throughout subsequent studies, its 
validity has been debated. Jordan et al. (1983) suggested that seamounts tended to form 
clusters or were strung out in chains (see Chapters 1 and 4).

Jordan et al. (1983) used wide-beam sonar profi les to compare the suitability of expo-
nential and power-law models in explaining the size–frequency distribution of seamounts. 
They found that an exponential size distribution fi tted reasonably well for a range of larger 
seamounts in the Eastern Pacifi c. Most subsequent studies of seamount size–frequency 
distributions, using wide- and multi-beam sonar, have focused on those seamounts less 
than 3 km in height (Smith, 1991) and have used the exponential model. It was noted that 
for smaller seamounts, within the range of 100–1000 m, the exponential model was only a 
marginally better fi t than the power-law model (Abers et al., 1988).

The introduction of altimetry data provided the fi rst opportunity to estimate seamount 
numbers at a near-global level and describe the population of larger seamounts adequately 
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(Smith, 1991). Craig and Sandwell (1988) conducted the fi rst comprehensive examin-
ation of global seamount distribution using satellite altimetry. Of the 8556 seamounts 
they located, one-quarter were previously uncharted (Craig and Sandwell, 1988). This was 
despite having to use an incomplete dataset due to the early failure of the Seasat mission.

Using altimetric data derived from VGG, Wessel and Lyons (1997) investigated the 
Pacifi c Ocean seamount population. They then examined the fi t of their detected Pacifi c 
seamounts (8882) to the exponential and power-law models and concluded that the fi t to 
the model was adequate for seamounts �2 km in height (Fig. 1.8).

Wessel (2001) expanded the examination of the VGG data to a global level and iden-
tifi ed 14 639 large seamounts with an extrapolated global population of approximately 
100 000 seamounts over 1 km (Fig. 2.2). More than half of the seamounts identifi ed by 
Wessel (2001) occurred on the Pacifi c tectonic plate, with numerous seamounts occurring 
on the African plate (Eastern Atlantic and Western Indian Oceans), Indo-Australian plate 
(North and Eastern Indian Ocean), and Nazca plate (Central Eastern Pacifi c Ocean).
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Fig. 2.2 Global seamount abundance estimates for both large and small seamounts from key published literature. 
The symbol * indicates the number of seamounts directly identifi ed from underlying data, otherwise they will 
have been statistically derived. Large seamounts are those �1 km in height, while small seamounts are below 
�1 km. Depicted seamount estimates are rounded.

Despite improved technology and statistical techniques to isolate individual seamount 
features, there is still a clear difference in the capacity of the various techniques to acquire 
bathymetry, which leads to varying estimates of seamount numbers. Although bathymetric 
data derived from altimetry provide a near-global coverage and an opportunity for valid-
ation of seamount numbers, currently available data lack resolution to detect seamounts 
�2 km high (Wessel and Lyons, 1997). Wessel and Lyons (1997) suggested that only 
a third of the seamounts in the Pacifi c greater than 1 km in height were visible in cur-
rent satellite data and that only a third of those were characterised in their study. On the 
other hand, while the latest sonar technology is able to detect seamounts down to less 
than 100 m in height, this technology is still restricted in seafl oor coverage and must infer 
numbers through areal density calculations.

Spatial location of seamounts

Seamounts are becoming more important to the scientifi c community as shown by the 
breadth of contributions to this book. Good geo-referenced seamount datasets are urgently 
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needed for research and to inform fi sheries conservation and management agencies. In an 
attempt to produce such a dataset, the Sea Around Us Project (SAUP; www.seaaroundus.
org) at the University of British Columbia uses a generalised defi nition to fi t seamounts 
into ecological and management contexts. Unlike more comprehensive global studies 
by Craig and Sandwell (1988) and Wessel (2001), which use stricter seamount defi ni-
tion criteria in a geophysical context, the SAUP is primarily concerned with the location 
of seamount-like features regardless of their tectonic characteristics. The SAUP criteria 
assume that a possible seamount has a rise of 1000 m or more from the seabed and is 
roughly circular or elliptical in shape. Parameter thresholds used attempt to refl ect this 
most basic of defi nitions for large seamounts.

The ETOPO2 global elevation dataset is used by SAUP as baseline bathymetric data. 
ETOPO2 contains the Earth’s topographical elevations in a grid format and was created by 
the US National Oceanic and Atmospheric Administration (NOAA). For the ocean fl oor, it 
incorporates a number of bathymetric datasets, though it mainly consists of the Smith and 
Sandwell (1997) altimetry and sonar track derived bathymetry. The dataset is supplied at 
a 2 arc minutes grid cell resolution (�13.7 km2 at the equator), thus allowing a reasonable 
scale at which to perform a generalised global analysis for large seamount-like features.

The initial process consisted of determining the locations of all detectable peaks iden-
tifi ed as local maxima in the elevation data. This was performed with the use of the ESRI 
(1999–2002) ArcGIS software’s fl ow direction and sink algorithms. The ETOPO2 data 
were used in an ESRI grid format for the grid cell by grid cell analysis. The elevation data 
were prepared by fi rst eliminating all land grid cells (any elevation above 0) and then con-
verting negative elevation values to positive numbers. This allowed the following ESRI 
hydrology algorithms, designed to detect downhill fl ow direction and sinks, to identify the 
uphill fl ow directions and peaks.

The ESRI fl ow direction algorithm was fi rst used on the bathymetry data. This algo-
rithm produces a grid in which each cell is allocated a fl ow direction value determined by 
the steepest descent from the immediate surrounding grid cells. Undefi ned fl ow directions 
occur when no fl ow direction can be determined for a grid cell. The conditions that cause 
this are when all surrounding grid cells fl ow into a single grid cell or when two adja-
cent grid cells fl ow into each other. The ESRI sink algorithm is used on the resulting fl ow 
direction grid to identify all grid cells that have undefi ned fl ow directions. The resulting 
sink, or its inverse, the seafl oor peak grid, can then be overlaid with the ETOPO2 depth 
grid to indicate all identifi able seafl oor peaks.

Once the peaks are detected, two methods are used to identify possible seamounts. 
The fi rst involves isolating the peaks that have a signifi cant rise from the ocean fl oor. The 
second isolates peaks with a circular or an elliptical base in an effort to eliminate small 
peaks found along steep ridges. The overlapping seamounts found using both these meth-
odologies are used as the SAUP seamount dataset. To determine the overlap, the points of 
the two datasets have to be within 2 arc minutes of each other.

Method 1

The initial part of the process involved producing a grid of standard deviations of depth 
to accentuate any depth changes across the ocean fl oor. The neighbourhood statistics 
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function in ESRI’s ArcGIS Spatial Analyst software was used to produce a grid with a 
depth standard deviation value for each ETOPO2 depth grid cell as compared to its imme-
diate neighbourhood. To enable the identifi cation of possible seamounts, the standard devi-
ation and the seafl oor peak grids were overlaid. Using ESRI’s ArcGIS Spatial Analyst, each 
peak grid cell was then compared to a 5 � 5 kernel (localised grid) of its neighbourhood on 
the standard deviation grid. If any grid cells within the kernel were above a 300-m standard 
deviation, the focal peak grid cell was considered a possible seamount (see Fig. 2.3).
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Fig. 2.3 An example of the results of Method 1 for seamount identifi cation. Potential seamount-like features are 
identifi ed from the standard deviation of depth values surrounding detected seafl oor peaks. The peaks marked as 
seamounts have passed surrounding depth standard deviation threshold criteria.

Method 2

The second method compared the raw peak grid dataset directly with the ETOPO2 data. 
An algorithm was developed that scanned ETOPO2 depths approximately 90 km around 
each peak along 8 radii of at 45° intervals (see Fig. 2.4). The lowest and the highest 
depths over the radii (10 grid cells per radius near the equator, more at higher latitudes) 
were then recorded. A raw peak was considered to be a seamount when the following 
three conditions were met:

1. Each of and all the 8 radii included depths differing by at least 300 m. This helped 
eliminate all peaks of insignifi cant mounds.

2. If 2 radii included depths between 300 and 1000 m with the shallowest point being 
closer to the peak than to the deepest point, and if the radii formed an angle of less 
than 135°. This condition was created to help separate ridges from seamounts.

3. At least 5 of the 8 radii around a peak included depths with a difference of at least 
1000 m, with the shallowest point being closer to the peak than to the deepest point.
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Table 2.1 Seamount prediction counts for the two separate methods using vari-
ous thresholds. Method 1 in the SAUP seamount identifi cation methodology 
uses standard deviation of depth values surrounding detected seafl oor peaks, 
while Method 2 uses raw depth values surrounding detected seafl oor peaks.

Local depth standard deviation Potential seamount count
or depth threshold (m)

 Method 1 Method 2

100 �142 000 �20 000
300 30 314 15 962
500 �8500 �18 000

Numbers of large seamounts

The two methods produced different numbers of potential seamounts, with the fi rst method 
producing almost double the amount of the second method 30 314 against 15 962. The over-
lapping points resulting from the two methodologies identifi ed 14 287 possible seamounts. 
The range of seamount numbers also varied separately for the two methods and their set 
thresholds. Smaller potential seamounts were identifi ed by Method 1 when the standard 
deviation threshold was lowered, thus increasing the seamount count (see Table 2.1). Method 
2 remained relatively constant, with estimates between 15 000 and 20 000 seamounts, 
depending on the depth change threshold set between 100 and 500 m. As the threshold was 
increased for Method 2, the non-linear variation in seamount counts could be attributed to 
the fact we took into account the proximity to the nearest seafl oor rise and the depth of the 
valley between peaks as well as the change in surrounding depth (see Table 2.1).
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Fig. 2.4 Seamount identifi cation Method 2 uses 8 grid cell radii relative to each seafl oor peak. These radii are then 
used to test seafl oor depth criteria to determine whether a peak is a potential seamount.
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The SAUP study has found a relatively simple way of inferring potential seamounts 
from mid-resolution bathymetric data. Although there is no reference to volcanism in the 
model parameters, a point dataset of seamount-like features was achieved. However, the 
production of these potential seamount locations should only be used as a guide for global 
seamount distribution and is by no means a defi nitive dataset. Several points that should 
be noted when making any conclusions with the dataset are as follows:

1. Criteria for the seamount inferences were only sensitive to a broad level, with the 
defi nition of seamounts still very generalised. This sensitivity is directly infl uenced 
by the depth and depth standard deviation thresholds. The sensitivity of the thresh-
olds is also directly infl uenced by the resolution of the underlying bathymetry data. 
Any features smaller than the cell size of the bathymetry data will have had their 
dimensions blurred with surrounding features, which could bring them outside of the 
inference criteria bounds. All predicted seamount locations are only indicative of very 
large seamounts, since the resolution of the underlying bathymetric and altimetric data 
will only allow for the confi dent identifi cation of features �2 km high (Wessel and 
Lyons, 1997).

2. As expected, many of the predicted seamounts occurred along mid-ocean ridges, 
although Method 2 incorporated criteria that attempted to eliminate peaks along ridges 
and fracture zones. On the fl ip side, our attempt to eliminate peaks along ridges could 
also eliminate actual seamounts. It was decided to keep the results conservative by 
maintaining relatively restrictive criteria for Method 2 to reduce error.

3. The area around each peak, tested for seamount characteristics, is restrictive in nature 
and would affect the results to some degree. The kernel used by Method 1 equates to 
an area of approximately 342 km2 at the equator. It was hoped that a kernel of this size 
would allow the detection of large seamounts while eliminating large peaked banks. 
This kernel size could be further examined to optimise the sensitivity of the analysis. 
Likewise the lengths of radii in Method 2 could also be optimised. While aiming to be 
wide enough for the largest of seamounts, the radii could also include some features 
classed as semi-circular banks or guyots.

4. All points were included, regardless of their proximity to a coastline. As a guide, it 
was found that around 5% of the predicted seamount locations occurred within 20 km 
of a coastline. Due to resolution constraints, there is the possibility that the ETOPO2 
bathymetry may have registered some small land structures as below sea level, result-
ing in their inclusion in the dataset.

5. The predicted seamount locations generated by the SAUP model have a much lower 
resolution than the underlying bathymetric data. One of the results of the ESRI fl ow 
direction and sink algorithms is paired points, where two cells fl ow into each other 
indicating a sink interpreted in this analysis as a peak. The two methods used were 
conducted with these paired points present, but the fi nal locations had any paired 
peaks reduced to a single location at a mid-point between the two, maintaining the shal-
lowest depth value of the pair. The error in real-world location is also enhanced by the 
mistaken registrations in the underlying ETOPO2 bathymetry dataset (Marks and Smith, 
2006).
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Ground truthing was performed on a dataset of known seamounts produced from a com-
bination of data recorded in the US Department of Defense (1989) and SeamountsOnline 
(Stocks, 2003). It was found that approximately 60% of the known seamounts were 
within 30 arc minutes of predicted seamounts. The 30 arc minutes resolution is used by 
the SAUP’s ecosystem and fi sheries models. The total number of large seamount features 
identifi ed was also notably similar to the number identifi ed by Wessel (2001), although it 
is evident that the locations of many seamounts differed due to the differences in criteria 
and the context of the research. As expected, the inferred SAUP seamount count was well 
below Wessel’s extrapolated estimate of 100 000, but it did far exceed numbers identifi ed 
or estimated (Fig. 2.2) in some previous studies (e.g., Viau and Cailleux, 1971; Cailleux, 
1975; Craig and Sandwell, 1988). However, as mentioned above, the dataset used by Craig 
and Sandwell was incomplete.

Locations of large seamounts

Since many studies are restricted to a particular ocean, an attempt to get an estimate of 
predicted large seamounts per ocean was performed. The statistical areas of the United 
Nations’ Food and Agriculture Organization (FAO; www.fao.org) were used to identify 
oceans (see Fig. 2.5). Although these areas do not exactly fi t the oceanic boundaries in 
other studies, a broad comparison was possible. Despite previously noted locational dif-
ferences of potential seamounts, the number of seamount features for the Pacifi c Ocean 
falls within the bounds of the 8882 seamounts identifi ed by Wessel and Lyon (1997). As 
expected, the modelled numbers fall well below the size–frequency estimates of around 
30 000 by Smith and Jordan (1988) and Wessel and Lyon’s (1997) own extrapolation of 
around 70 000 possible seamounts (see Fig. 2.1). The Atlantic contained roughly a fi fth of 
the identifi ed seamount features, while the Indian Ocean held just over a tenth. The counts 
for the Southern Ocean would have been underestimated by the FAO areas, as the ocean 
actually reaches the southern coast of Australia. A detailed list of seamount numbers by 
FAO statistical areas is presented in Table 2.2.

59
(�1%)

8955
(63%)

1658
(12%)

2704
(19%)

898
(6%)

Fig. 2.5 Potential large seamount counts identifi ed by this methodology for oceans defi ned by the statistical areas 
of the United Nations’ Food and Agriculture Organization.
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The occurrence of the SAUP-inferred seamounts within EEZs was tested to indicate 
the proportion of large seamount that could be individually managed or incorporated 
into an existing management programme under a country’s jurisdiction. It was deter-
mined that approximately 50% of potential seamounts occurred within EEZs worldwide 
(see Table 2.2 and Fig. 2.6). With many possible large seamounts occurring in the 
high seas, the fi rst attempt of ecosystem management in an international situation may 
be necessary (Alder and Wood, 2004). Of the seamount features found within country 
maritime jurisdictions, approximately 60% of the Pacifi c large seamounts occurred within 
an EEZ. The highest numbers were in the EEZs under the administration of industrial-
ised countries such as the USA, France, Japan, and New Zealand. Approximately 28% 
and 35% of seamount features in the Atlantic and Indian oceans, respectively, were within 
EEZs.

The SAUP methodology has provided a simple way of generating a global seamount 
dataset directly from elevation data. Although the current output is suitable for a general-
ised global analysis, it is aimed at providing a possible approach that can be improved and 
refi ned with further research and higher-resolution bathymetric datasets.

Table 2.2 Potential seamount counts for oceans defi ned by FAO statistical areas and those within EEZs.

Ocean areas FAO area Potential large  Potential large
  seamounts seamounts within EEZs

Pacifi c All  8955 5415
Eastern Central 77  2735 1768
Northeast 67   265   89
Northwest 61  1350  720
Southeast 87   939  239
Southwest 81   996  353
Western Central 71  2670 2246

Atlantic All  2704 745
Eastern Central 34   536  103
Northeast 27   325  114
Northwest 21    83    6
Southeast 47   639  127
Southwest 41   452  151
Western Central 31   669  244

Indian All  1658 576
Eastern 57   588  162
Western 51  1070  414

Mediterranean and Black Sea 37    59    0

Southern Ocean All   898 185
Atlantic, Antarctic 48   498  127
Indian Ocean, Antarctic 58   212   58
Pacifi c, Antarctic 88   188    0

Arctic 18    13    0

Total 14 287 6921

EEZ data were licensed from Global Maritime Boundaries Database (2003), General Dynamics Advanced 
Information Systems (http://www.gd-ais.com/Capabilities/offerings/sr/gmbd.htm).
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Importance of mapping seamounts

The availability of detailed datasets of global seamount locations is a major requisite for 
understanding ecological processes, identifying potentially exploited areas, and effective 
management proposals. For example, the biogeography and biodiversity of seamounts 
(Chapter 13) will never be fully understood until detailed maps of seamount locations 
are available. On the other hand, quantifying seamount fi sheries catches (Chapter 18) will 
only be possible after obtaining a detailed global distribution of seamounts.

As mentioned above, many seamounts occur within the EEZ of maritime countries, 
with approximately half occurring in international waters. The general perception that most 
seamounts occur outside of the areas under national jurisdiction is thus incorrect. This has 
profound implications for the ways in which appropriate levels of seamount management 
protection are achieved. Beyond areas under national jurisdiction, the responsibility to pre-
serve seamounts as part of the global common heritage belongs to all nations (Alder and 
Wood, 2004). Clearly, this represents a challenge for the international community and indi-
vidual countries wishing to conserve the biodiversity of these ecosystems (Chapter 20).
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Chapter 3

A history of seamount research

Paul E. Brewin, Karen I. Stocks and Gui Menezes

Abstract

Physical and biological phenomena now known to be associated with seamounts have been 
a source of curiosity since seafarers fi rst encountered seamounts centuries ago. However, 
only since the technological advancements of the early twentieth century have closer 
examination of seamounts been possible. Signifi cantly, the development of echo sounding 
led to an explosion of deep sea exploration and scientifi c discovery. After early pioneering 
work with echo sounding in the Gulf of Alaska and Western Pacifi c, the nature and ubiq-
uity of seamounts throughout the oceans became apparent. Moreover, the characterization 
and distribution of seamounts led to better understanding of deep ocean ridge develop-
ment, seafl oor spreading, and plate tectonics. Subsequent to this pioneering work, numer-
ous oceanographic and biological characteristics have been described for seamounts, 
including signifi cant roles in global ocean circulation and biogeography in the deep sea. 
Despite more than 100 years of study on seamounts, many research challenges remain. 
With the global expansion of commercial deep sea fi shing in the mid-1950s, seamounts 
have become centres of intensive commercial fi shing pressure. The need for their man-
agement and conservation has spawned a new era of integrative seamount research, and 
international collaborative research and conservation initiatives.

Introduction

Seamounts have captured the curiosity of researchers from many disciplines since deep 
sea exploration began. Charles Darwin may have been the fi rst to describe the process of 
seamount formation when he proposed a hypothesis for the gradual subsidence of coral 
reefs and volcanic islands in the South Pacifi c in his book The Structure and Distribution 
of Coral Reefs (1842). His ideas were largely dismissed by the scientifi c community of 
the day and it was a century before his ideas were accepted; it was not until the descrip-
tion of guyot-type deep seamounts (fl at-topped, subsided volcanic islands, see Chapter 1) 
that Darwin’s subsidence hypothesis could be tested (see Hamilton, 1956; Menard, 1964 
for reviews). If Darwin had possessed the technology aboard the HMS Beagle to sound 
and sample the chain of guyots near the atolls he studied, he would have seen a more 
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complete picture of the fate of volcanic islands in the South Pacifi c, and would have likely 
have confi rmed many of his theories about subsidence.

The history of seamount discovery dates back to the very earliest ocean explora-
tions. Although seamounts were not specifi cally known, their increased water move-
ment and higher food production are likely to have been well known and documented 

1842: Darwin publishes The Structure and
Distribution of Coral Reefs

1869: First account of a seamount Ð Josephine Bank

1938: First officially named seamount Ð Davidson

1919:  First use of echo sounder

1925Ð1927: Meteor expedition

1946: Hess coins the term ÔguyotÕ

1968: First Alvin surveys of seamounts

1953: Ekman describes the Eastern Pacific Barrier

1947Ð1948: Albatross expedition

1956: Hamilton stepping-stones proposed

1960s: Start of 20 years
of Russian expeditions

1980: Cobb seamount expedition

Discovery ExpeditionsPhysical Biological Fisheries Conservation

1840: First deep sea sounding Ð South Atlantic

Five centuries of traditional fishing on seamounts

1885Ð1914: Prince Albert of Monaco expeditions

1916Ð1917: TaylorÐProudman theorem published

1965: Wilson publishes
theory of plate tectonics

1980s:  Maps of seabed topography using satellite altimetry

1973: Hogg proposes Taylor column over seamounts

1959: Hubbs poses key seamount questions

1964: Vema seamount study

1967: Meteor expedition

1872Ð1876: Challenger expedition

1987: First analysis of seamount
endemism (Wilson and Kaufman)

1965: Precious corals
discovered on

Milwaukee seamount

1954:  Launch of the Fairtry

1980s: Rockhopper
trawl in use

1982: UN Convention on the Law of the Sea

1988: Azorean seamount MPA established

2005: CenSeam initiated

1858: Telegraph/cable-laying surveys
and ships discover seamounts in the

Atlantic

World War I (1914Ð1918) World War II (1935Ð1945):
Many developments in navigation and echo sounding

1995: FAO Code of Conduct for Responsible Fishing

1950Ð1952: Galathea expedition

2000

1900

1850

1950

Fig. 3.1 Timeline of signifi cant events in the history of seamount discovery and research.
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among seafarers. Early observations of these phenomena were not made by scientists, 
but fi shermen, merchants, settlers, and explorers of the fi fteenth century looking for new 
lands. Explorers were the fi rst ‘oceanographers’, making meticulous maps and descrip-
tive references of their travels. This chapter outlines the history of seamount discovery 
and research, highlighting major technical and conceptual milestones, and the evolution 
of seamount research themes. The early observations of ocean explorers continue to infl u-
ence present-day research. However, only in relatively recent times has technology allowed 
closer investigation of seamounts. Technological limitations were overcome post-World 
War II when sounding technology greatly facilitated deep sea work, as shown by a fl urry 
of deep sea exploration and scientifi c discovery in the early to mid-1950s (Fig. 3.1). The 
path from seamount discovery to understanding the relationship between seamounts and
large-scale geological oceanographic processes is outlined. Sampling of seamount fauna 
revealed unexplained high complexity of seamount communities, and prompted the devel-
opment of large-scale multidisciplinary studies linking pattern, process, and contemporary 
ecological theory. The exploitation of seamount fi sheries is a continuing theme throughout 
the history of seamount research, and today seamount commercial fi sheries are highly val-
ued (Chapter 9). The themes of seamount conservation and management have emerged as  
primary drivers for future priorities in seamount research.

Early discovery of seamounts

It is thought that the deep ocean was fi rst sounded by Posidonius (C. 135–150 BC), who 
recorded a depth of 1000 fathoms (approximately 1828 m) in the Sardinian Sea (Deacon, 
1971). Fernão de Magalhães (Magellan) of Portugal made several unsuccessful attempts 
to determine the depth in the Pacifi c Ocean during the fi rst circumnavigation of the globe 
in 1521. His soundings between the islands of St Paul and Los Tiburones (Southern 
Indian Ocean) using sounding lines that were only 100–200 fathoms in length failed to 
touch the bottom, leading Magellan to conclude that he had reached the deepest part of 
the ocean (Murray and Hjört, 1965). Sir James Clark Ross, who sounded 2425 fathoms 
(approximately 4434 m) in the South Atlantic on his 1840 Erebus and Terror expedition, 
is often credited for the fi rst accurate deep sea sounding (Deacon, 1971; Schlee, 1973). 
These latter trials in deep sea soundings started a trend in British and American deep sea 
exploration, leading to many technical developments, notably the use of a lighter silk or 
twine line, lighter lead weights, and detachable weight systems. 

By the end of the nineteenth century, systematic surveys of the continental shelf and
beyond were being carried out, and undersea topography was quickly regarded as being
signifi cantly more complex than originally thought. At this time, the ubiquity of sea-
mounts was not fully understood; seamounts were considered to be anomalies in an other-
wise fl at landscape. Perhaps the fi rst recognized seamount was the Josephine Bank in the 
North Atlantic west of Gibraltar, which was discovered in 1869 by the Swedish corvette 
Josephine (Ankarcrona, 1969). Numerous benthic dredge samples containing ‘very rich 
fi ndings for the scientists’ were taken on the bank. Interestingly, the colour of the water 
was noted to be lighter than that of the surrounding ocean, and an increase in gull and 
petrel numbers was observed feeding on the high abundance of fi sh found in the vicinity 
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of the bank. Evening plankton netting was considered ‘very profi table’ with an unusually 
high abundance of life.

Numerous discoveries of deep sea features, as well as major contributions to ocean and 
atmospheric sciences, were made during the oceanographic expeditions of Prince Albert 
I of Monaco (1885–1914). On board his yachts L’Hirondelle, Princesse-Alice, Princesse-
Alice II, and L’Hirondelle II, his explorations ranged from the Mediterranean Sea as far as 
the Azores in the Atlantic Ocean, where soundings and samples were taken down to depths 
of more than 4000 m; the Princesse-Alice giving its name to the major seamount (‘bank’)
in the Azores region, discovered in 1896 (Minelle, 1986; Carpine-Lancre and Saldanha, 
1992).

Further seamount discoveries were made during trans-Atlantic telegraph cable-laying 
expeditions in the mid to late-1800s. Several seamounts now carry the names of the cable-
laying ships from which they were discovered, e.g., the Dacia (Box 3.1), Faraday, Cruiser,
and Seine seamounts (Murray and Hjört, 1965) (Atlantic Cable History: http://www.atlan-
tic-cable.com/). However, despite the growing knowledge of the existence of distinct
‘mountains in the sea’, terms such as ‘ridge’, ‘bank’, or ‘shoal’ were still being used to 
describe seamounts until the early 1900s (Littlehales, 1932). The fi rst offi cial use of the 
term ‘seamount’ was by the US Board of Geographic Names in 1938 to describe the 
Davidson Seamount, discovered by the US Coast and Geodetic Survey ship Guide in 1933 
(US Board of Geographic Names, 1938). 

Seamounts as unique physical features

The advent of the echo sounder revolutionized seafl oor mapping and thus facilitated the 
study of seamounts. It was not until the development of hydrophone and electronic ampli-
fying devices in the early twentieth century that echo sounding came into common use, 
allowing extensive tracks of seafl oor to be mapped continuously without stopping the 
ship. Although the concept of using sound to ‘see’ into the ocean had been around since 
the mid-1800s (NOAA website: http://www.history.noaa.gov); serious work on echo-
sounding technology did not expand until French researchers tested the fi rst echo sounder 
in 1919. This technology became important for submarine detection during World War I 
and for surveying the seafl oor for the laying of deep sea telegraphic cables. It was on the 
Meteor expedition (1925–1927) that echo sounding was fi rst used extensively (Herdman 
et al., 1956). Echo soundings of the Atlantic Ocean began to accumulate, and in 1952 
Marie Tharp began compiling these soundings to create a bathymetric map of the Atlantic 
Ocean. Their plots show for the fi rst time the V-shaped valley of the Mid-Atlantic Ridge. 
In 1959 Heezen, Tharp, and Ewing published The Floor of the Ocean: The North Atlantic,
which was the fi rst map of its kind, revealing numerous seamounts (Kunzig, 2000).

Echo-sounding technology was quickly adopted by hydrographic survey ships around the
world, and highly detailed maps of seabed topography started to be produced. Most notable
of the earliest studies taking advantage of this new technology were the seamount surveys 
of Murray (1941), Hess (1946), and Menard and Dietz (1951), which described extensive 
soundings of the Gulf of Alaska and the Western Pacifi c Ocean (Fig. 3.2). These studies
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were particularly novel and important because, for the fi rst time, deep sea exploration was 
less focused on determining the greatest depths of the ocean than on describing the dis-
tribution and formation of topographic features such as seamounts, guyots, and trenches. 
Hess (1946) mapped and described the chain of fl at-topped peaks that paralleled the 
islands and atolls along the Darwin Rise in the Pacifi c Ocean, and named these types of

Fig. 3.2 Artist’s conception of the Mid-Pacifi c Mountains from the frontispiece in Hamilton (1956). The original 
caption reads, ‘If the Pacifi c Ocean were drained away, the mile-deep sunken islands would emerge as truncated 
volcanic cones. The original painting is by the distinguished scientifi c illustrator Chesley Bonestall and is based 
on part of the bathymetric chart of the Mid-Pacifi c range.’
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seamounts ‘guyots’ in honour of the late Princeton University Professor of Geology, Arnold
Henry Guyot (1807–1884). Hess also recognized that many of those seamounts mapped 
by Murray (1941) were in fact, guyots. Menard and Dietz (1951) re-evaluated the for-
mation of seamounts in the Gulf of Alaska using previous and new echo sounding data. 

Box 3.1 Discovery of Dacia Seamount by the CS Dacia in 1883

The CS Dacia in 1883

Several seamounts were discovered and named by the telegraph cable ships that began 
to operate in the middle of the 19th century. In 1883 the CS Dacia discovered several 
oceanic shoals rising steeply from deep water (one was the Dacia Seamount) while 
surveying the route for a submarine cable from Cadiz, Spain, to the Canary Islands. 

‘… One night we were astonished by the sinker stopping at about one thou-
sand two hundred fathoms, when it ought to have gone nearly twice as deep. 
It was at once suspected that we were in the neighborhood of a bank. Here, 
to our surprise and delight, the sinker brought up at sixty-six fathoms! There 
was immense excitement on board, as it was obvious that we had pitched 
upon a bank, or rather a mountain, of startling proportions, perhaps the lost 
island of Atlantis itself. As this submarine mountain lay close to the proposed 
line of the cable, it was necessary to make a thorough survey, and two days 
were spent in doing this. A mark-buoy was put down to work by, and numer-
ous soundings were taken in all directions so as to clearly defi ne the limits of 
the bank. The shoalest water found was forty-nine fathoms, and half a mile 
distant two hundred and thirty fathoms were obtained, showing a steep slope. 
When the buoy, which was moored in one hundred seventy-fi ve fathoms, was 
taken up, the mooring rope was found to be nearly chafed through seventy-
fi ve fathoms from the bottom. This showed that the bank must rise almost 
precipitously, and that there exists a wall of about four hundred and fi fty feet 
in height. A very curious effect observed was a long ripple on the calm sea, 
apparently caused by the ground-swell breaking on the edge of the bank.’

Extract from Webb (1883).
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The accurate mapping and sounding of those seamounts lead researchers to link 
seamounts to incremental stages of deep ocean ridge development (Schlee, 1973).

Echo sounding was the precursor to more advanced forms of bottom profi ling, such as
the deep towed and multi-beam sounding instruments of the 1960s after which the discip-
line of marine geology expanded rapidly. Deep sea camera systems were regularly used
at this time, and divers used SCUBA to explore seamounts that reached into shallow depths
(e.g., Simpson and Heydorn, 1965; Herlinveaux, 1971). The 1960s and 1970s marked two 
other key breakthroughs in technology that advanced deep sea research signifi cantly. First, 
satellites were now commonly used for navigation and position fi xing at sea and many 
carried instrumentation capable of measuring small deviations in sea surface elevation. 
These anomalies are due to the slight variation in gravity created by underwater features 
such as seamounts, and thus can be used to map the seafl oor remotely (see Box 1.1; Dixon 
et al., 1983). Smith and Sandwell (1997) produced the fi rst global bathymetry map using 
satellite altimetry data in which approximately 70% of the true topographic depth was 
predicted by their model, and delineated for the fi rst time previously undetected whole 
seamount chains (e.g., the 1400 km long Foundation Seamount chain in the southeastern 
Pacifi c). Models built from these maps created the fi rst global estimates of the number of 
seamounts, and also predicted the locations of �15 000 seamounts, many of which had 
not been mapped (see Chapter 2).

The 1960s and 1970s also marked the fi rst comprehensive use of submersible explor-
ation. Most famous was the launch of the deep submersible Alvin, developed at the Woods 
Hole Oceanographic Institute in 1964. Seamount exploration was one of Alvin’s early 
tasks, diving fi rst on Bear Seamount, and then the Azorean seamounts in 1968 (Alvin dive 
log: http://www.whoi.edu). Researchers were now able to locate, map, photograph, and 
observe in situ seamounts and other seafl oor physical features. Geologists then began to 
discover and understand processes going on at the global scale, such as changes in sea 
level (e.g., Schwartz, 1972), seafl oor spreading (Hess, 1962), and plate tectonics (Wilson, 
1965), which were all strongly supported by the distribution and physical characteristics 
of seamounts (see Chapter 1).

Physical oceanographers have taken a particular interest in seamounts since their dis-
covery. At the end of the nineteenth century, several attempts had been made to measure 
the velocity and direction of tidal currents in the ocean, and variations in the latter were 
often associated with changing undersea topography (Murray and Hjört, 1965). Seamount 
chains may represent a ‘perforated barrier’ to impinging oceanic currents (Roden et al.,
1982), and create unique patterns of vertical and horizontal fl ow (see Chapter 4). There-
fore the causes of observed variations in current fl ow, and depth-related changes in tem-
perature and salinity could be better understood with an improved knowledge of seamount 
morphology (Murray, 1941).

Early studies reported short-lived (in the order of weeks), trapped vortices over seamounts
causing fl ow defl ections and accelerations, and doming of isopycnals (see Chapter 4). Hogg 
(1973) proposed that under certain conditions, these phenomena relate to the theoretical 
predictions of a Taylor column, where the nature of fl ow modifi cation depends on seamount
orientation and topography, rotation of the Earth, and stratifi cation above the seamount. 
First theoretically described by Proudman (1916) and Taylor (1917), the term was not 
widely used until Hide (1961) related the Taylor–Proudman theorem to the formation of 
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the Great Red Spot of Jupiter (Fig. 3.3), which is thought to be caused by an irregularity 
on the planet’s surface (Fig. 3.3; Owens and Hogg, 1980; Roden, 1986). The theoretical 
formation of Taylor columns around seamounts was also suggested to explain the pres-
ence of asymmetric sediment troughs and drifts at the base of seamounts (see Chapter 4; 
Hogg, 1973; Roberts et al., 1974). Taylor column generation over seamounts was widely 
inferred initially, but later Owens and Hogg (1980) found direct evidence for Taylor col-
umn formation over a seamount. A full discussion of the physics and empirical evidence 
for Taylor columns and caps is provided in Chapter 4.

Fig. 3.3 The Great Spot of Jupiter: the fi rst described Taylor column? True 
colour mosaic of images taken from NASA’s Cassini spacecraft on 29 
December 2000 – Photo credit NASA/JPL/Space Science Institute.

Seamounts as unique biogeographic features

As seamount mapping became more frequent, interest in seamount benthic and pelagic 
communities grew among taxonomists and biogeographers. Up until the late nineteenth 
century, there had been considerable interest in studying deep sea communities and 
determining biogeographic patterns of deep sea fauna; expeditions such as the Josephine
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(1869) and, most famously, the Challenger (1872–1876) drew particular attention to the 
deep sea realm. However, studies of deep sea biology gave way to oceanographic studies 
at the turn of the century (Mills, 1983), focusing more on physical and biological proper-
ties of the water column and their relationship to sound transmission through water. This 
shift was possibly due to a change in focus from scientifi c to military interests around 
World War I and II. Interest in deep sea biology later re-emerged in the 1950s, as marked 
by the Swedish Albatross cruises (1947–1948), and the Danish Galathea expedition 
(1950–1952). At this time, the fi eld of deep sea biology expanded greatly, and the links 
between biological and physical patterns were examined. Topical questions of global bio-
geography in the late nineteenth and early twentieth century related to an explanation of 
the distribution of marine and terrestrial fl ora and fauna separated by the large perceived 
dispersal boundary of the Pacifi c Ocean. The work of Darwin in the eastern Pacifi c and 
Wallace in the western Pacifi c (see Newman, 1986 for review) proposed that the com-
monality of east–west patterns of species distributions could be explained simply in terms 
of chance dispersal upon ocean currents. The discovery of seamounts would soon lead 
biogeographers to re-think this theory.

The vastness of the Pacifi c Ocean was regarded by Ekman (1953) as the ‘Eastern Pacifi c
Barrier’ with respect to marine fauna. He considered that passive dispersal of species with 
long-lived planktonic larval stages, or the chance transport of larvae or adults on drift mater-
ial, accounted for similarities and/or discontinuities of east vs west Pacifi c marine fauna.
The discovery of ‘mid-Pacifi c mountains’ (i.e., seamounts) prompted Hamilton (1956) to 
review contemporary theories that might explain the commonality of shallow marine fl ora 
and fauna around the Pacifi c basin. He fi rst assumed that the ocean basins and continents 
are permanent features, and that dispersal is facilitated along land bridges, for example 
via the Aleutian Islands, or by long-distance oceanic migration. However, the problems 
of sheer distance, and the unlikelihood of propagules having the wide environmen-
tal tolerances needed to endure high or low latitude dispersal pathways (Ekman, 1953),
left the matter unresolved. An alternative hypothesis of dispersal by way of an ancient, 
now sunken, Cenozoic continent that spanned the Pacifi c Ocean was quickly dismissed by 
Hamilton (1956), who demonstrated that the existence of ancient Cretaceous seamounts 
disproved the possibility of a sunken continent. He suggested that seamounts may act as 
historical or present-day ‘stepping-stones’ across the Pacifi c, hence providing the fi rst 
alternative mechanism for long-distance dispersal of marine fl ora and fauna, rather than 
simple passive or ‘waif’ dispersal as proposed by Ekman (1953) and others. 

As seamount taxonomic data accumulated, support for Hamilton’s stepping-stone theory
grew. New species were being collected, mainly from fi sheries reconnaissance, but also 
as secondary observations to geological investigations (e.g., Pratt, 1963; Budinger, 1967), 
or assessments of strategic potential (e.g., Herlinveaux, 1971). The distributions of some 
previously described coastal species were now being extended to seamounts. Hubbs 
(1959) posed a number of key questions: What species are found on seamounts, where 
did they come from, and how did they get there? Does the distribution of these species 
represent past and present oceanic circulation and ocean temperature? Do seamounts act 
as ‘stepping-stones’ across the Pacifi c Ocean? Can deep seamount fauna be used to help 
interpret seamount subsidence? Has there been speciation due to isolation on seamounts? 
What physico-chemical or biotic factors drive the apparent high abundance of life over 
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seamounts? With these questions in mind, he examined some of the limited seamount fi sh 
faunal data of the day, consisting of a single occurrence of Embassichthys bathybius from 
Pratt Seamount, Sebastodes ruberrimus (now Sebastes ruberrimus) from Cobb Seamount, 
Pterygotrigla picta from a Chilean seamount, a variety of coastal and pelagic fi sh and 
their stomach contents, and anecdotal evidence from fi shermen. He suggested that study-
ing seamount fauna may have signifi cant commercial and scientifi c importance, thereby 
launching a new era of descriptive biological seamount research.

Seamount researchers today are still challenged by Hubbs’ questions (Wilson and 
Kaufman, 1987; Rogers, 1994). Seamounts are diffi cult to sample because they are remote,
are often deep and steep, have strong currents, and have rocky and highly variable sub-
strates (Rogers, 1994). At least 13 types of sampling gear have been used to sample 
seamount benthos (Wilson and Kaufman, 1987; Rogers, 1994); perhaps testimony to the 
variety of habitats and diffi culties that sampling seamount benthos presents. Nevertheless, 
intensive biological surveys of seamounts were carried out, starting in 1964 with the 
Vema Seamount. The ship commissioned for the study was the diamond prospecting ves-
sel Emerson K sponsored by the Marine Diamond Corporation (Simpson and Heydorn, 
1965), which may be suggestive of the purpose of the expedition. Although this survey 
only examined the summit of the seamount within SCUBA-diveable depths, much infor-
mation was collected on the biological community, oceanography, and geological char-
acteristics. Subsequent publications from that expedition proposed biogeographic links 
between Vema Seamount and nearby islands (e.g., Penrith, 1967; Berrisford, 1969). 

Also in the Atlantic Ocean, the Meteor cruise of 1967 made an extensive study 
of Josephine and Great Meteor Seamounts (Thiel, 1983). During this expedition, the 
importance of comparative sampling of coastal and deep sea regions surrounding these 
seamounts was recognized for the fi rst time. The work of Thiel on this cruise was par-
ticularly noteworthy: he collected quantitative grab samples of soft sediments, providing 
information on the variability of species and density within and between seamounts, and 
among seamount, deep seafl oor, and coastal meiofaunas. Interestingly, results of those 
studies were not well explained by patterns of pelagic productivity, as contemporary the-
ories predicted. Great Meteor Seamount continues to be the subject of extensive biological 
and physical study, exemplifi ed by publications contained in the special edition of Archive 
of Fishery and Marine Research: Oceanography and Ecology of Seamounts – Indications 
of Unique Ecosystems (Vol. 51 (1–3), 2004).

The late 1960s marked the beginning of almost 20 years of continuous Russian and 
Cuban exploration of seamounts on a global scale, with large vessels visiting the north 
Atlantic, north and south Pacifi c, western Indian, and Southern oceans (Parin et al., 1997).
Signifi cant attention was given to the Nazca and Sala y Gomez Ridge seamounts, which 
were visited by at least nine research vessels with some making multiple visits. This com-
prehensive body of work, summarized in Parin et al. (1997), describes primarily the 
bentho-pelagic fi sh fauna, but also reviews the pelagic and benthic invertebrate fauna, 
collected on 22 seamounts within the ridge system. They reviewed environmental param-
eters as they relate to biogeographic patterns observed within the Nazca and Sala y 
Gomez chain, and throughout the South Pacifi c. This work gives strong support to much 
of the current thought on eastward migration of western Pacifi c fauna, and the notion that 
seamounts are signifi cant centres of endemism (see below and Chapter 13).
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Concentrated effort on particular seamounts continued. For example, the long-term 
studies of the link between oceanographic and biogeographic patterns at Cobb Seamount 
between the early 1980s and 1990s, led Parker and Tunnicliffe (1994) to suggest the import-
ance of considering life history when examining species’ biogeography. More recently, 
extensive studies have been done by multinational collaborative expeditions to the Norfolk 
and Lord Howe Ridges, and Tasmanian seamounts between 1984 and 1998 (Richer de 
Forges et al., 2000). Over time, along with higher sampling intensity, there has been an 
increased consideration of sampling design and statistical rigour in recent seamount sur-
veys, providing more potential for quantitative evaluation of ecological patterns (e.g., 
Richer de Forges et al., 2000; Koslow et al., 2001; Rowden et al., 2002). These studies 
highlight a clear change in the objectives of seamount biological studies from simple taxo-
nomic collections and resource exploration of the 1950s to addressing wider theoretical 
concepts. These recent studies emphasize the necessity and usefulness of simultaneous 
multidisciplinary seamount research.

Although there is much continued interest in intrinsic biological and physical features, 
it has been realized that seamounts offer unique platforms for studying more general-
ized aspects of biology and ecology. For example, Levin and Thomas (1989), and Thistle 
and Levin (1998) used soft sediment habitats at guyots to test some predictions about the 
effect of fl ow dynamics on deep sea infaunal assemblages. Considering that most deep sea 
habitats are soft sediment systems, and that the majority of infaunal or epifaunal inhabit-
ants are detritivores, there has been great interest in testing the role of sediment processes 
on determining deep sea benthic community structure (Levin et al., 2001). On soft sedi-
ment seamount plateaus, one can fi nd or create a variety of fl ow conditions over a rela-
tively small area while, at the same time, having control of other potentially confounding 
factors related to depth, region, or differing ecological histories.

With advancing technology in ocean science, and the growing pool of seamount data, 
studying the spatial and temporal processes associated with generating local endemism 
became a new theme in seamount research. The occurrence of endemics – species that are 
possibly unique to individual or groups of seamounts – has been noted since the sampling 
of seamount assemblages began (see Chapter 13). However, the growing interest in endem-
ism has provided a new conceptual framework for studying seamounts at much larger spa-
tial and temporal scales. Questions of the spatial isolation of seamounts are now being 
addressed from scales of within-seamount chains, to between-seamount chains separated 
by oceanic basins, and over geological time scales. Some studies suggest that seamounts 
may be centres of speciation in the deep sea (e.g., Koslow et al., 2001; Rowden et al.,
2002), thereby placing seamounts in a framework of global-scale biodiversity.

Seamounts as a fi sheries resource

Seamount-related fi sheries represent a signifi cant proportion of the total high seas fi sh 
catch (see Chapter 17). Of all the deep sea fi sheries, most target species are associated 
with seamounts (see Chapter 9; FAO, 2004). Historically, seamount research has lagged 
behind, or at best paralleled, seamount fi sheries exploitation, and to some extent, fi sheries 
exploration on seamounts has both fi nancially and intellectually fuelled seamount research 
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since commercial fi shing on seamounts began. Possibly the fi rst fi sheries associated with 
seamounts were those traditional handline fi sheries of the south Pacifi c, the Cape Verde 
islands and the Azores (see Chapter 16). For example, manuscripts of the Azorean histor-
ian Gaspar Frutuoso (1522–1599) indicate that fi shing on shoals and peaks up to 30 nauti-
cal miles (approximately 55 km) offshore of the Azores was important in the fourteenth 
and fi fteenth centuries (Frutuoso, 1963). Most of these traditional fi sheries still operate in 
many oceanic island ecosystems, and are of considerable local importance. Larger-scale 
commercial fi shing on seamounts is thought to have started with the harvesting of pre-
cious corals by Japanese fi shers. Beds of the commercially valuable pink coral (Corallium
spp.) were discovered in 1965 on the Milwaukee Seamount (central north Pacifi c) at a 
depth of 400 m (Grigg, 1993), and later discovered throughout the Emperor Seamount 
chain (northwest of Hawaii). The harvesting of precious coral, and exploration for new 
coral beds continues today for this largely unregulated fi shery (Grigg, 1982).

Aggregations of fi sh over seamounts have been often reported from the onset of 
seamount research. Hubbs (1959) suggested that new fi sheries for rockfi sh (Sebatodes,
now Sebastes spp.) and deep sea fl atfi sh (e.g., Embassichthys bathbius, Hippoglossus ste-
nolepis) may develop on seamounts. In the North Atlantic, deep water fi sheries were being 
developed in the 1950s, although fi shing in waters deeper than 500 m was considered fruit-
less as there was a general belief that little life existed at depths greater than the shelf slope 
(Koslow et al., 2000). However, the discovery of seamounts and their often high densities 
of fi sh induced commercial fi shers to gear up to go deeper and further offshore for these 
untapped resources. Shellfi sh fi sheries were also of interest (e.g., Simpson and Heydorn, 
1965; Hughes, 1981; Raymore, 1982). The establishment of a commercially valuable rock 
lobster (Jasus tristani) fi shery on Vema Seamount (south central Atlantic) also represents 
the fi rst seamount-related fi sheries collapse within only a few years of fi shing (Lutjeharms 
and Heydorn, 1981).

Many technical advances were needed before deep sea and seamount fi shing could be 
viable. Fishing technology made its largest advance in the spring of 1954 with the launch 
in the United Kingdom of the fi rst deep sea freezer trawler vessel Fairtry (Woodard, 
2000), a vessel more than four times the size of its largest contemporaries when it began 
fi shing on the Grand Banks off the coast of Newfoundland. The Fairtry could stay at sea 
for many weeks, work around the clock in all weather, and had a large freezer capacity for 
fi sh processed at sea. Particularly powerful engines meant that larger otter trawls could be 
used more effectively and retrieved from very deep water. The Fairtry also used the lat-
est echo-sounding technology to fi nd and target schools of fi sh. By the mid-1970s, large 
fl eets of deep sea fi shing freezer trawlers were being deployed from many countries to the 
oceans of the world; the Soviets had 400 factory trawlers, the Japanese had 125, Spain 
had 75, West Germany had 50, and France and Britain had 40 ships. A new era in large 
scale, deep sea commercial fi shing had begun (see Chapter 17).

With the new factory ship technology, seamount fi sheries were quickly exploited 
(see Chapter 17). In 1967, during the global ocean explorations of the Soviet Union, 
large aggregations of pelagic armourhead (Pseudopentaceros wheeleri) and alfonsino 
(Beryx splendens) were discovered in the central North Pacifi c between the Emperor 
and Hawaiian seamounts (Takahashi and Sasaki, 1977). At the same time, armourhead 
were being found in the stomachs of Sei whales by Japanese whalers in the vicinity of the 
Milwaukee Seamount, prompting fi shing by Japanese in 1969 (Sasaki, 1974). Armourhead 
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were later discovered by Russian fi shers in 1976 at Corning Rise in the Atlantic Ocean 
(Vinnichenko, 1997). The estimated total catch of armourhead rose to possibly 48 000 t for 
the period up to 1977, but then rapidly declined to between 5800 and 9900 t in the period 
up to 1982. The fi shery for pelagic armourhead no longer exists (FAO, 2004).

Discovery of new potentially exploitable fi sh resources came as seamount exploration 
continued, with at least 77 commercially valuable fi sh species found on seamounts (Rogers, 
1994). The need for management of seamount fi sheries was becoming clear, and since the 
1970s many countries have implemented fi sheries management strategies such as Total 
Allowable Catch (TAC) and Individual Transferable Quota (ITQ) systems to help man-
age fi sheries within their own Exclusive Economic Zones. However, in the early days of 
seamount fi shing, few seamounts fell within the jurisdiction of a country’s fi sheries man-
agement regulations, and therefore, were left open to uncontrolled fi shing in high seas 
areas. National territorial waters only extended to between 3 and 24 nautical miles (approxi-
mately 5 and 44 km) offshore, with only a few countries setting 200 mile territorial limits, 
primarily to protect their fi sheries from long-distance factory ship fi shing fl eets.

In 1982 the United Nations Convention on the Law of the Sea (UNCLOS) was estab-
lished, defi ning a nation’s sovereign rights to explore, conserve, and manage natural 
resources within a 200 nautical mile Exclusive Economic Zone extending from its shore. 
It became enforceable on 16 November 1994, thus encompassing many seamounts within 
nationally managed fi sheries. UNCLOS also established the fi rst legal high seas regime, 
laying down conditions that all nations must adhere to when fi shing on the high seas, 
including the adoption of measures for conservation of living resources, a duty to cooperate 
with other fi shing nations in the conservation and management of living resources, and 
the adoption of sustainable fi shing practices. Unfortunately, today seamount fi sheries pol-
icy makers face ongoing problems of enforcement and compliance with UNCLOS regu-
lations, due to the large number of seamount fi sheries in high sea areas (see Chapter 17 
and http://www.un.org), and the diffi culty in differentiating between seamount- and non-
seamount-caught fi sh from within FAO fi sheries management areas (see Chapters 17, 19, 
and 20). To help address some of these issues, a global Code of Conduct for Responsible 
Fisheries was established in 1995 (FAO, 1995). This is a non-mandatory instrument, 
establishing principles and standards applicable to the conservation, management, and 
development of all fi sheries. Although it is voluntary, it refl ects regulations set under the 
UNCLOS and other obligatory legal instruments. The Code is ‘directed toward members 
and non-members of FAO, fi shing entities, sub-regional, regional and global organiza-
tions, whether governmental or non-governmental, and all persons concerned with the 
conservation of fi shery resources and management and development of fi sheries, such as 
fi shers, those engaged in processing and marketing of fi sh and fi shery products and other 
users of the aquatic environment in relation to fi sheries’ (FAO, 1995), thereby providing 
a framework for national and international efforts to ensure sustainable exploitation of 
aquatic living resources in harmony with the environment.

Seamounts as a conservation focus

As seamount commercial fi shing expanded, the need for management became more 
apparent. Research has shown that seamount fi sheries are particularly susceptible to 
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fi shing pressure due, in part, to the fact that seamount species are generally K-selected 
(long lived, late age at maturity, low fecundity). They require large spawning aggrega-
tions for successful recruitment, and are concentrated over relatively small and spatially 
restricted areas. Other contributing factors are common to fi sheries in general, such as 
lack of data for fi sheries models. Furthermore, commercial fi shers were quick to imple-
ment new technological advances such as satellite navigation, satellite altimetry-based 
maps, high resolution swath bathymetry mapping, electronic fi sh fi nding, and video moni-
toring of nets while fi shing. These technological advances enabled fi shers to fi nd and 
exploit new seamount fi sh stocks more effi ciently. The advent of ‘rock-hopper’ trawls 
(modifi ed otter trawls) in the mid-1980s gave fi shers access to substrata that previously 
would have resulted in gear damage and loss. They are also particularly destructive of 
seabed structure, so that natural refugia provided by complex seabed topography typically 
found on seamounts no longer protected a proportion of fi sh stocks from fi shing.

The action of rock-hopper trawls on the seabed has contributed to signifi cant habitat 
modifi cation and changes in benthic community structure. Thus, assessing the impact of 
trawling on seamount benthic habitats created a new conservation focus for managers and 
scientists (e.g., Probert et al., 1997; Koslow et al., 2001). Trawl nets are highly destruc-
tive of the possibly very long-lived and slow-growing sessile suspension feeding organ-
isms that dominate seamount habitats (Jennings and Kaiser, 1998; Watling and Norse, 
1998; also see Chapters 7 and 8). Moreover, it has been suggested that organisms such as 
sponges and corals create further habitat complexity supporting extensive associated ses-
sile and mobile fauna (Sainsbury, 1987; Auster and Langton, 1999). The magnitude of the 
damage caused by trawling on seamount communities to date, and the long-term effects of 
habitat destruction on the dynamics of benthic and pelagic interactions within seamounts, 
are currently unknown (Koslow et al., 2000; Roberts, 2002; Johnston and Santillo, 2004).

Conserving global biodiversity has been an international priority in recent times. 
Considering that seamounts may be centres for speciation in the deep sea, and are potentially 
threatened by destructive fi shing practices, they may be regarded as ‘biodiversity hotspots’ 
and therefore a priority for conservation (Myers et al., 2000). The establishment of Marine 
Protected Areas (MPAs) has shown to be a useful approach for management and conserva-
tion purposes. Roberts et al. (2005) cite a growing body of theoretical and empirical studies 
in support of their statement that, ‘marine reserves can simultaneously meet conservation 
and fi shery management objectives’. International acknowledgement that fi sheries impact 
on seamounts is outstripping scientifi c understanding has prompted a number of coun-
tries to establish seamount MPAs for fi shery and habitat protection, and scientifi c investi-
gation of seamount dynamics (see Chapter 20). Countries that have established seamount 
MPAs include Portugal (the Formigas-Dollabarat Bank, Azores, Marine Reserve since 
1988; Santos et al., 1995), the USA (Sitka Pinnacles Marine Reserve, Alaska, 1998; Wing, 
2001 – Note in Roberts, 2002), Canada (Bowie seamount, 1998; Fisheries and Oceans 
Canada, 2006), Australia (Tasmanian seamounts, 1999; Commonwealth of Australia, 2002), 
and New Zealand (fi sheries closures over 19 seamount spread throughout the New Zealand 
EEZ, 2001; New Zealand Ministry of Fisheries, 2001).

A synthesis of physical and biological patterns of seamounts will be essential for future 
management and conservation of seamounts. Tools to help both fi sheries and conservation 
biologist are also needed for a holistic approach to studying seamounts. The development 
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of genetic tools has helped determine the nature of biogeographic boundaries in the deep 
sea (e.g., Bucklin et al., 1987; France and Kocher, 1996). Genetic tools have also aided in 
determining the boundaries of fi sheries management areas (Martin et al., 1992; Hoarau 
and Borsa, 2000), and improved quantifi cation of endemicity (e.g., Smith et al., 2004). In 
future, genetic techniques will provide signifi cant contributions to the fi elds of population 
ecology and population genetics of seamount communities, leading to the construction of 
more accurate models of spatial and temporal community dynamics, and ultimately the 
more informed establishment of MPAs and fi sheries management strategies (Kritzer and 
Sale, 2004).

With new scientifi c discoveries and approaches to conservation and fi sheries manage-
ment, fundamental concepts for building legal conservation and management frameworks 
have also evolved. Such concepts include the ‘precautionary principle’; now an estab-
lished principle of environmental governance and policy, one interpretation of which 
might be ‘that absence of defi nite scientifi c information should not be an excuse for inac-
tion in curtailing harmful activities’ (de Fontaubert, 2001). The ‘ecosystem approach’ is 
another principle currently incorporated into international agreements so that nations will 
take account of the interdependence between target species and associated fauna when 
developing and adopting new management strategies (de Fontaubert, 2001).

Current and future seamount research

This chapter indicates the extent to which new technology and ideas have advanced 
our understanding of seamounts over the past 100 years. Much remains to be learned. 
The hypotheses that Hubbs posed in 1959 are still challenging research frontiers today. 
Research into the ecology and biology of seamounts has increased dramatically (Fig. 3.4).
It is not clear whether this trend will continue, but the volume of seamount research that 
is currently underway suggests that it may. Several major studies are in progress and have 
yet to be fully published, and several more have been recently funded and will commence 
in the future. For example, the European Commission funded a fi fth framework pro-
gramme called OASIS (Oceanic Seamounts: An Integrated Study) that has sponsored a 
series of expeditions to north Atlantic seamounts. OASIS epitomizes a growing emphasis 
on interdisciplinary seamount research. Over repeated cruises, geologists, physical ocea-
nographers, taxonomists, ecologists, and conservation scientists collaborated to identify 
and describe the physical forcing mechanisms affecting the seamounts systems; asses the 
origin, quality, and dynamics of organic material over and on the seamounts; describe the 
biodiversity and ecology of the seamounts, their dynamics, and the processes that main-
tain them; model the trophic web; and use the results to guide management strategies. 
While OASIS concluded their fi eldwork in 2005, a new programme EuroDEEP (under the 
European Commission initiative called EuroCores) will include seamounts in their study 
of diversity among deep sea habitats.

Similar interdisciplinary efforts are underway or have been funded by other countries
to study other seamount regions. Seamounts off the northeast USA, around Hawaii, and in 
the Gulf of Alaska are being explored by American researchers through the NOAA Explor-
ations programme; Indian scientists will survey seamounts in the little-studied Indian 
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Ocean Ridge and Central Indian Basin; New Zealand researchers have been funded to 
study seamounts in the New Zealand region; both New Zealand and the British Antarctic 
Survey are sampling Antarctic seamounts; a multinational collaboration will revisit the 
Norfolk Ridge seamounts studied by Richer de Forges et al. (2000) (see Chapter 7) to 
provide physical data to supplement the previous biological collecting; and the Portuguese 
are continuing active research on the fi sheries and ecology of Azorean seamounts.

These studies highlight the growing activity of multidisciplinary, collaborative seamount
research. The future of seamount research will involve more highly coordinated research 
efforts, and large-scale meta-analysis of seamount data. Interdisciplinary and international 
coordination has been recognized as essential, and a new programme was launched in 
2005 to provide a forum for catalysing and coordinating research globally. The Census of 
Marine Life on Seamounts (CenSeam) is one of several habitat-specifi c science projects 
within the Census of Marine Life (2006). CenSeam has several goals: to coordinate and 
expand existing research through developing standard methods and data reporting; to pro-
mote community networking; to foster new seamount research through proposal work-
shops and mini-grants for planning; to aggregate and synthesize global seamount data 
through an analysis working group and further develop the SeamountsOnline (2006) as an 
open-access portal to seamount data; and increase awareness of seamounts through public 
education and outreach materials.
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Fig. 3.4 Rate of seamount-related publication as reported in the ISI Web of Science, and standardized as a per-
centage of total marine-related publications (i.e., those having the words ‘ocean’ or ‘marine’). (a) All publica-
tions containing a seamount term (e.g., ‘seamount’, ‘guyot’, or ‘tablemount’). Publications peaked in the mid- to 
late-1980s, dropped and levelled off between 1995 and 2005. (b) Publications containing a seamount term and 
a biological term (e.g., ‘biology’, ‘species’, ‘ecology’, ‘community’, or ‘genetic’). Publications show a strong 
increase around 1990, and a second large increase in 2003 and 2004. Part of the 2004 peak can be attributed 
to a special issue Archive of Fishery and Marine Research (Vol. 51 (1–3)) on a major expedition to the 
Great Meteor Seamount, but the increase in 2003 cannot be attributed to any single cruise or research ef-
fort. While not all seamount-related publications are indexed and not all papers that have ‘seamount’ in the 
abstract can be considered to focus on seamounts, these data suggest that research into the biology is increasing 
through time.



 A history of seamount research  57

Conclusion

Since the discovery of seamounts, exploration and research have shown that they are 
numerous and ubiquitous throughout the deep sea (Chapters 1 and 2). Their special fea-
tures mean that they are analogous to other deep ocean formations that have received a 
great deal of recent attention, such as cold seeps and hydrothermal vents. However, seeps 
and vents have only been discovered and studied in very recent times, while seamounts 
have been studied for more than 100 years, and have been indirectly known to exist for 
centuries through their association with increased local biological activity providing a 
food source. Yet, despite continued great interest in seamounts for their commercial fi sh-
eries exploitation, seamounts are poorly understood habitats in terms of the communities 
they support, the drivers of those communities, and the role that seamounts play in the 
realm of marine biodiversity. Much of the early discovery and study of seamounts was 
driven by commercial interests, and this interest persists today, fuelling much of the cur-
rent oceanographic and biological seamount research. Although many fundamental ques-
tions regarding the nature of seamount processes and habitats remain unanswered, it is 
clear that political interest is increasing as seamount research expands. The establishment 
of a global network of seamount researchers, and the coordinated study of seamount bio-
logical and physical patterns over space and time, will enable more effective decisions 
regarding seamount fi sheries management and protection of seamount habitats, and a bet-
ter understanding of the ecological role of seamounts in the deep sea.
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Chapter 4

Physical processes and seamount 
productivity

Martin White, Igor Bashmachnikov, Javier Arístegui and Ana Martins

Abstract

A brief review is given of the physical dynamics that occur at seamounts and the implica-
tions of these dynamics for seamount productivity highlighted. Several physical seamount 
characteristics, stratifi cation and oceanic fl ow conditions interact to provide a number of 
different local dynamic responses at a seamount. These include Taylor Columns or Cones, 
doming of density surfaces, enclosed circulation cells and enhanced vertical mixing. Due 
to oceanic background fl ow variability, it is likely that the localised seamount dynamics, 
and resultant bio-physical interaction processes; will also be variable. This makes quanti-
fi cation of an ‘idealised’ response of a particular seamount to the impinging fl ow regime 
diffi cult. It has been widely accepted that dynamics at seamounts generate conditions 
such as increased vertical nutrient fl uxes and material retention, to promote productivity 
that fuels higher trophic levels. To date, however, there has been little consistent concrete 
evidence for this in observations. This is likely due to the non-steady background oceanic 
forcing which may disrupt the ‘idealised’ response, such as Taylor Cones and circulation 
cells generated at the seamount. In addition, the seamount may shed passive tracers such 
as chlorophyll downstream, providing a source of oceanic bio-physical patchiness in the 
surrounding ocean. Such variability provides a challenge for the environmental manage-
ment of seamounts.

Introduction

Seamounts, submerged banks or continental slopes are often characterised by enhanced 
hydrodynamic activity compared to the fl at abyssal ocean. Isolated topographic features 
of varying shape and size (see Chapters 1 and 2) might therefore be expected to inter-
act with the physical environment to generate a variety of distinct physical fl ow features. 
The abrupt nature of seamount topography may disrupt the large scale oceanic fl ow, gen-
erating spatial and temporal variability in the current fi eld (Royer, 1978; Roden, 1994). 
More localised features include enclosed circulation cells around seamounts (Freeland, 
1994), doming of the density surfaces above the seamount (Owens and Hogg, 1980), the 
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amplifi cation and rectifi cation of tidal motions (Brink, 1995) and increased vertical mix-
ing (Kunze and Sanford, 1997; Eriksen, 1998). The most energetic motions are typically 
concentrated near the top of the seamount (Brink, 1989; Chapman, 1989), and are often 
hardly distinguishable above the seasonal pycnocline, the depth of strong vertical density 
gradient (Eriksen, 1991; Brink, 1995; Codiga, 1997b). Depending on distance from the 
summit to the seasonal pycnocline, a ‘seamount effect’ on the background fl ow regime 
can be restricted to within a hundred metres over the summit of a shallow seamount, or 
propagate thousands of metres up through the weakly stratifi ed deep ocean over a deep 
seamount (Roden, 1987).

With the recognition that seamounts were areas of high biomass, biodiversity (Chapter 
13), and with the increased interest in seamount biology in the 1980s and 1990s (Chapter 3), 
increased primary productivity and enhanced chlorophyll levels around some seamounts 
were reported, especially in oligotrophic regions (Genin and Boehlert, 1985; Dower 
et al., 1992; Mouriño et al., 2001). A number of arguments relating the distinct physical 
fl ow regime at seamounts and the increased biological activity were put forward (Genin 
and Boehlert, 1985; Dower et al., 1992; Comeau et al., 1995). Evidence for enhanced 
productivity does exist at some seamounts but is not a consistent feature and a wide range 
of spatial and temporal variability exists. As will be seen, this is likely due to the complex 
nature of physical processes that may be at work at different seamounts, which themselves 
have very different topographic characters.

This chapter identifi es the dominant processes at seamounts and describes their basic 
characteristics using a combination of theoretical concepts and fi eld observations. The 
theoretical biological response and consequences generated by the interaction of the phys-
ical dynamics and the seamount are then presented, and examples given where seamount-
generated processes have been observed to infl uence the chlorophyll distribution or 
production levels.

Physical processes

A number of physical properties of both the oceanic environment and the seamount itself 
interact to produce the localised fl ow and density stratifi cation conditions (Fig. 4.1). 
These properties include the size and shape of the seamount, such as the linear dimension 
(L, typically taken as the width of the seamount in metres), and the height of the seamount 
(ho) relative to the water depth (H ). The magnitude and character of the fl ow impinging 
on the seamount is highly important, whether a steady fl ow or one which varies periodi-
cally with a certain (tidal) period. The infl uence of the Earth’s rotation is also fundamental 
(see Box 4.1), as is the change in the water density (ρ) with depth, i.e., the vertical 
stratifi cation (N ),

N g z	 
 �[( ) ( / )]/ d d 1/2ρ ρ  (4.1)

where g	gravitational acceleration (9.81 m/s2) and z the vertical coordinate. Both the 
steady and periodic varying fl ow impinging on seamount features may generate a multitude
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of dynamic responses in its vicinity. The determining factors that control whether the 
local seamount circulation is infl uenced more by steady or periodic varying fl ow condi-
tions are illustrated in Fig. 4.1.

Tidal

Flow (Ut)

Density
(r)

Ω

h
o

H

L

Mean

Flow (U )

Fig. 4.1 Sketch of the main physical factors that control the localised dynamics at seamounts and other isolated 
topographic features.

Box 4.1 Vorticity and Taylor Columns

As we stand still on a rotating Earth, then compared to the ‘fi xed’ 
stars in space, we too are spinning as the Earth spins around on 
its axis.

The tendency for rotational movement is called vorticity, and 
the one related to the effect of the Earth’s spin is called ‘plan-

etary vorticity’. It is denoted by the letter ‘f ’ and increases with 
latitude from 0 at equator to a maximum at the poles (the axis 
of rotation).

In addition, a body of water itself, as it 
moves, may have a tendency to spin around 
in a loop (right) – we often see swirls of 
water in a river or lake. This is called ‘rela-
tive vorticity’, or ‘ζ’, and is positive when 
in the same sense as the Earth’s rotation.

For a water particle, the sum of the two 
vorticities should remain constant in the absence of any sources or sinks. For a water 
column, the total vorticity will also depend on column length, e.g., on water depth. 
This is similar to the principle used by ice skaters that slow down their spin by 
stretching out their arms.

So what happens to a column of water as it moves past a seamount?
The water squashes up as it goes over the seamount and stretches again on the 

other side of the seamount.
The squashing causes the water to acquire 
ve ζ (see equation above) and stretch-

ing �ve ζ causing the rotations shown.

z

z

z
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Mean circulation over seamounts

Non-periodic impinging current

Proudman (1916) and Taylor (1917) posed a theoretical concept for a steady, homoge-
neous fl ow encountering a seamount. Under the infl uence of the Earth’s rotation, the fl ow 
is split by the seamount and is accelerated to one side (the left-hand looking downstream 
for the northern hemisphere), forming an isolated anti-cyclonic fl ow pattern around the 
seamount (Roden, 1987; Codiga and Eriksen, 1997). The latter dynamic structure has 
been termed a Taylor Column (Huppert, 1975; Huppert and Bryan, 1976; see Box 4.1). 
For a homogeneous ocean (one of constant density), this Taylor Column will reach the 
surface, hence the terminology.

In the real ocean environment, stratifi cation, variability in current speed and direction, 
turbulence and the irregular shape of seamounts disrupt the conditions for ideal Taylor 
Column fl ow, leading to more complex patterns. The exact nature of this localised fl ow pat-
tern is dependent on many factors (Fig. 4.1). In particular, in the presence of stratifi cation 
the Taylor Column becomes a ‘Taylor Cone’ of fi nite height, which may not extend to the 
surface (Fig. 4.2). A number of basic non-dimensional numbers can be used to help defi ne 
criteria for the development of the localised seamount induced circulation. These are:

The Rossby number Ro	U/f  � L (4.2)

The relative height of the seamount to water depth  α	h0 /H (4.3)

The Burger number  B	N � H/f  � L (4.4)

The prevailing current 
takes the resultant anti-clock-
wise (cyclonic) swirl away 
leaving behind just the anti-
cyclonic (clockwise) pat-
tern (N Hemisphere). This is 
known as a ‘Taylor Column’.

In a homogeneous ocean 
(one of constant density), 
the Taylor Column extends 
to the ocean surface. If the 
ocean is stratifi ed, there 
is likely to be insuffi cient 
energy in the water fl ow to 
extend the column to the sur-
face. Instead a fi nite height 
‘Taylor Cone’ is produced 
above the seamount.
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where f 	 2 � � � sin(latitude) is the Coriolis parameter (rads/s), Ω is the Earth’s angu-
lar velocity (0.0000729 rads/s), U is a typical fl ow speed for the seamount (m/s), L is the 
seamount width (m).

The Rossby number describes the importance of the Earth’s rotation in determining the 
governing dynamics over the seamount for any given fl ow speed and seamount width. A 
combination of Ro and α gives a blocking parameter Bl	α/Ro, which controls the Taylor 
Column or Cone formation and fl ow behaviour. For small fractional height Gaussian-
shaped seamount and moderate stratifi cation conditions, Taylor Cones (Fig. 4.2) will form 
for a condition Bl��2 (Chapman and Haidvogel, 1992). Chapman and Haidvogel (1992) 
also concluded that this threshold value generally increases with fractional height and that 
there is an upper bound on the Rossby number of Ro�0.15–0.2 above which a Taylor 
Cone would not form. Chapman and Haidvogel (1992) also describe a transitional state 
possible, whereby Taylor Cones may be generated over the seamount for a short period 
before being swept downstream. A critical value for Taylor Cone formation of Bl��1
was also found for different parameter confi gurations by other authors (e.g., Huppert, 
1975; Roden, 1987). The Burger number quantifi es the relative importance both of the 
vertical stratifi cation and height scaling to the Coriolis force and the horizontal length 
scale, over which the Earth’s rotation may become important, to determine which factor 
is most important in controlling the resultant fl ow characteristics. High B values will indi-
cate strong stratifi cation conditions, and very low B values low stratifi cation conditions 
more akin to the homogeneous ocean case.

Lifting or doming of the density (isopycnal) surfaces over the seamount is asso-
ciated with a fi nite height Taylor Cone (Owens and Hogg, 1980). In this case, both the 
circulation strength and amplitude of isopycnal doming decreases with height above the 
seamount. Nearer the seabed, however, bottom friction will reduce the fl ow magnitude 
and also drive a down- and off-slope near-seabed current, due to Ekman dynamics. Owens 
and Hogg (1980) show, from vorticity arguments, that the decay height (Hd) of a Taylor 
Cone is given by:

Hd	 f �  L/N (4.5)

The variation of this theoretical doming height with stratifi cation (N) and latitude (which 
determines f ) for an arbitrary seamount of width, L	20 km, is shown in Fig. 4.3. Two 

hd

L

Fig. 4.2 The characteristic residual circulation and isopycnal doming over a seamount found in the presence of a 
steady fl ow and vertical stratifi cation due to Taylor Cone formation. Cross and dot shows opposite fl ow directions.
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important results of this scaling are immediately apparent. Firstly for deep seamounts, 
below the main thermocline where N is small, even a small isolated topographic fea-
ture may produce large vertical displacements in the density surfaces. A small seamount 
may, therefore, cause signifi cant local mesoscale variability in the sub-thermocline layer 
(Royer, 1978). Secondly, the doming of isopycnals over shallow or intermediate depth 
seamounts (see seamount defi nition) may reach the euphotic zone with biological impli-
cations that are explored later.

Circulation and density structures measured over several seamounts support the 
existence of the different features predicted theoretically. Owens and Hogg (1980) pre-
sented evidence for a Taylor Column at Corner Rise, a 400 m high seamount in deep NW 
Atlantic waters. Doming of isopycnals and an anti-cyclonic circulation/vorticity tendency 
around the seamount was measured from moored instruments and hydrographic surveys. 
The decay height of the Taylor Cone, �3000 m, agreed with the scaling described above. 
Over the relatively shallow Cobb seamount, Freeland (1994) measured strong bottom 
intensifi ed anti-cyclonic fl ow from both moored instrumentation and underway acoustic 
Doppler current profi ler (ADCP) measurements. In this case, the measured decay scale of 
n 40–45 m for the currents above the seamount was half the predicted decay scale height 
of �80 m. This discrepancy was likely due to the infl uence of signifi cant tidal amplifi ca-
tion around the seamount.

Ocean currents seldom are steady, being dominated by energetic synoptic scale waves 
and eddies (Kamenkovich et al., 1986). Thus, a non-steady model of an impinging fl ow 
with a gradual change of current velocity and direction may well be more appropriate. As 
background fl ow increases, upwelling will occur on the upstream side, and downwelling 
on the downstream side, of the seamount. A pair of stationary vortices, one anti-cyclonic 
and one cyclonic one will be formed (Box 4.1). If the fl ow remains suffi ciently weak 
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Fig. 4.3 The variation of isopycnal doming decay scale height (in metres) with latitude and vertical stratifi cation 
for a seamount of typical length scale 25 km, based on the scaling argument of Owens and Hogg (1980).
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(Bl � 10), the vortices may stay near the seamount for a long time. Stronger impinging 
fl ow causes the cyclonic vortex to be shed from the seamount and advected downstream, 
while the anti-cyclonic vortex remains essentially over the seamount. At a very strong 
stratifi cation, a cyclonic vortex may occur above an anti-cyclonic one (Roden, 1987). If 
the impinging fl ow is quasi-periodic, as well as Taylor Cone formation, a resonant ampli-
fi cation over the seamount summit can occur in the form of seamount-trapped waves 
(Brink, 1995), analogous to seamount-trapped tidal waves, discussed below.

An array of current meters located around the fl anks of Sedlo seamount north of the 
Azores, just below the summit depth of 780 m, showed persistent daily mean negative 
values of relative vorticity (Fig. 4.4), which indicated a predominantly anti-cyclonic cir-
culation around the feature. The magnitude of the vorticity varied signifi cantly, however, 
with some periods of cyclonic vorticity measured. This may, in part, be due to the weak 
unsteady impinging fl ow, generally from the western quadrant, inferred from in situ data 
and satellite altimetry. At times the current measurements indicated that fl ow at the sum-
mit depth (800–900 m) might be infl uenced by westerly fl owing Mediterranean Outfl ow 
Water (MOW). These results indicated the signifi cance that variability in the impinging 
fl ow at a seamount may have in determining the local dynamical response.
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Fig. 4.4 Time-series of daily mean relative vorticity from a triangle of current meter measurements located at 
800–900 m depth, close to the summit depth, around the fl anks of Sedlo Seamount (40°20�N, 26°40�W, summit 
depth 780 m), NE Atlantic.

Tidally generated mean fl ows

Energetic tidal fl ows also play an important role in the generation of residual anti-cyclonic 
circulation cells. In many cases (e.g., Fieberling and Cobb seamounts), anti-cyclonic fl ow 
around the seamount was mainly due to the tides and, to a lesser extent, by the mean 
current impinging on the seamount (e.g., Eriksen, 1991; Kunze and Sanford, 1997). This 
generation of the residual mean currents by the tidal fl ow over the seamount is commonly 
referred to as ‘tidal rectifi cation’. Tidal rectifi cation is a result of non-linear interaction of 
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a tidal current with steep bathymetry, which, by a combined effect of topographic accel-
eration and bottom friction, produces asymmetry in tidal transport during a tidal cycle 
(Eriksen, 1991). This results in the generation of a cold, dense dome over the seamount 
similar to the uplifted isotherms formed by a Taylor Cone.

Secondary circulation may also be generated over seamounts, consisting of closed ver-
tical cells with downwelling over the summit and radial outfl ow at and away from the 
summit plain rim (Eriksen, 1991; Brink, 1995). The circulation cell is essentially com-
prised of off-seamount fl ow at the seamount rim, due to Ekman bottom boundary fl ow, 
and downwelling above the seamount summit (Fig. 4.5). The cell is closed by upwelling 
at an outer border of the anti-cyclonic vortex, with inward fl ow above it (Eriksen, 1991; 
Haidvogel et al., 1993; Brink, 1995; Mohn and Beckmann, 2002). The secondary circula-
tion velocities are an order of magnitude less than those of the mean anti-cyclonic hori-
zontal fl ow. This fl ow results from the complex balance of the mass fl ow and turbulent 
mixing processes (Haidvogel et al., 1993; Brink, 1995; Kunze and Sanford, 1997). The 
downwelling currents can be quite signifi cant. For example, over Fieberling seamount 
the downwelling was predicted to reach 25 m/day (Brink, 1995), forming a warm water 
anomaly above the cold summit dome (Haidvogel et al., 1993).

Downwelling

x

Seamount

Ekman

flow at

rim

Fig. 4.5 Sketch showing the inferred secondary vertical circulation due to anti-cyclonic currents around a 
seamount and associated down- and off-slope Ekman bottom boundary fl ow. Cross and dot show opposite fl ow 
directions.

Other transient processes

A collision of a vortex/eddy with a seamount is quite a regular event in many regions of 
the world ocean. This process may be important for the advection of different water mass 
and constituent properties to seamounts. North Atlantic seamounts are often impacted by 
MEDDIES, eddies containing MOW (Bower et al., 1995; Richardson et al., 2000). In the 
NE Pacifi c, ‘Haida eddies’ named after the Aboriginal people of the Haida Gwaii archi-
pelago in British Columbia, Canada, generated at the continental shelf edge; regularly 
impact offshore seamounts (Miller et al., 2005). Observations and hydrodynamic models 
suggest that during interaction with a seamount an eddy may either be trapped and dis-
integrate over the seamount, split into two, or just be rotated around the seamount fl ank 
as it passes by. Even in the latter case, when the eddy survives the collision, it may lose 
up to 30–40% of its initial core transferring water and energy to the seamount system 
(Richardson et al., 2000; Adduce and Cenedese, 2004).
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Tidal motions and mixing over seamounts

Seamount-trapped waves

Observed amplifi cation of tidal fl ows over seamounts achieves a maximum over the top 
of the seamount and decreases towards the fl anks (Brink, 1995; Codiga and Eriksen, 
1997). This amplifi cation is due to general squeezing of the fl ow when passing over the 
seamount topography and leads to the formation of wave motions, which are ‘trapped’ 
to the seamount (Brink, 1989). In the northern hemisphere, these trapped waves propa-
gate with the shallow water to the right, that is anti-cyclonically around an isolated topo-
graphic feature, with an amplitude that quickly decays with distance from the seamount. 
The waves are composed of one or more pairs of counter rotating circulation cells mov-
ing clockwise around the seamount. High and narrow seamounts tend to have the largest 
response to such tidal forcing (Chapman, 1989).

The background stratifi cation affects these seamount-trapped waves in the same way 
as the mean fl ow, producing bottom intensifi cation of the currents (Brink, 1989) and a 
compression in height above the summit of the response. The vertical trapping scale (Hdt)
of the currents can be roughly estimated from (Codiga, 1997a):

Hdt	 f �  r/(2π �  N) (4.6)

where r is the seamount radius.
In the stratifi ed ocean, signifi cant amplifi cation of a tidal fl ow in the form of seamount-

trapped waves may occur for a broad range of frequencies and Burger numbers (Brink, 
1990; Haidvogel et al., 1993). The upper frequency limit (σcr), below which no baroclinic 
seamount-trapped waves can be excited, can be determined from the expression

σcr   N sin α (4.7)

where α is the angle between bottom slope and the horizontal plain (Codiga, 1997a). 
Although, in principle, this equation allows waves with semidiurnal period and less to be 
trapped in subtropical and mid-latitudes for suffi ciently steep seamount slopes and strong 
stratifi cation (N ), the seamount-trapped waves generated by semidiurnal tides are gener-
ally not reported, though those produced by the tide with the diurnal period are commonly 
observed. Brink (1995) has presented measurements of a 11-fold amplifi cation of the two 
principal diurnal tidal components – the O1 (25.82 h) and K1 (23.93 h) at Fieberling Guyot. 
Fortnightly (diurnal spring–neap cycle, 13.66 days) modulation of the mean residual anti-
cyclonic fl ow of about 10 cm/s at the rim of the seamount indicated that the diurnal tide 
played a leading role in the generation of the residual currents measured.

Internal waves

Internal waves are periodic oscillations of vertical density surfaces within the ocean 
and are the internal ocean counterparts to surface waves. Internal waves are generally 
freely propagating and radiate the energy away from the generating source if the period of 
the wave (T ) does not exceed the inertial period (1/f ) for that particular latitude. For 
waves of semidiurnal period, this critical latitude is large about 75°. For the diurnal period, 
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however, the critical latitude is approximately 30°. Hence for large portions of the world’s 
oceans baroclinic waves of diurnal period cannot propagate freely. Above the critical lati-
tudes, only trapped internal waves such as seamount-trapped waves can be stable, whereas 
below these latitudes generation of free internal waves seems to be a better mechanism of 
tidal energy transfer to baroclinic wave motions.

Freely propagating internal tidal waves may be generated if their period (T) is in the 
range f � 1/T �  N, and are an important agent of topography-related mixing (Eriksen, 
1982, 1998). Though internal waves of different origin form wide energy spectra in the 
ocean (Munk, 1981), the most energetic internal waves are typically those of the semidiur-
nal period, generated by tidal fl ow over steep topographic features. Near the generation 
region, free internal tidal waves show ray-like structure, where energy is concentrated in 
narrow beams and where enhanced mixing is observed. The waves propagate at a particu-
lar angle to horizontal (φ), which is dependent on the vertical stratifi cation (N ), Coriolis 
parameter ( f ) and wave frequency (σ), and is given by:

φ
σ

σ
	







2 2

2 2

f

N
 (4.8)

For critical seabed slopes, where the seabed slope matches the energy propagation angle 
(i.e., α � φ), the vertical current shear close to the generation region changes signifi -
cantly. This may lead to wave overturn (breaking) and/or turbulent mixing at the bot-
tom, and along the wave ray path. At Muir seamount, Eriksen (1982) observed spectral 
enhancement near the frequency at which internal waves would be ‘resonant’ with the 
seabed slope. This enhancement was confi ned to within 100 m of the seabed.

The presence of an anti-cyclonic vortex (Taylor Cone) with an associated negative vor-
ticity anomaly (ζ) may help to promote enhanced mixing at a seamount through internal 
wave interaction. With a vortex present, the criteria for existence of free internal waves 
becomes f � ζ 	 feff � 1/T � N (Brink, 1995). If feff is less than diurnal frequency, free 
diurnal period internal waves can be generated over the seamount with similar properties 
to free internal waves otherwise confi ned to below the critical latitudes (Kunze and Boss, 
1998). In this situation, the waves are confi ned to the anti-cyclonic vortex and dissipate 
all the energy inside and at the outer border of the vortex (Codiga, 1997b), whereas free 
internal waves might carry more than 70% of their energy away from the seamount over 
large distances (Laurent and Garrett, 2002). For this reason 10–100 amplifi cation of ver-
tical mixing at seamounts, as compared with the deep ocean has been measured (Toole 
et al., 1997; Kunze and Boss, 1998).

Biological response

Idealised processes

Elsewhere in this book it will become clear that seamounts are regions of apparent high 
biomass, consisting of organisms spanning many trophic levels (e.g., Chapters 6–13) and 
able to host a diverse range of organisms (Chapters 13 and 14). Here we are concerned 
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with the impact of the physical processes on the lowest trophic level, through seamount 
enhancement, or retention of, primary productivity. The basic requirement for productiv-
ity to occur in the oceans is a combination of suffi cient inorganic nutrients and adequate 
irradiance within the surface waters (euphotic zone). A related condition is the stabil-
ity of the water column, such that plankton can remain at a water depth where both the 
above conditions prevail. Generally, either nutrients or light will limit the productivity in 
any particular region. Before looking in detail at the biological response to the physical 
dynamics at seamounts, we must fi rst qualify the difference between ‘productivity’ and 
‘production’ at seamounts. Productivity is equivalent to growth rate and depends on nutri-
ents and light only, whereas production is the result of productivity and accumulation of 
phytoplankton. The distinction is important, as the physical dynamics may promote prod-
uctivity but if the dynamics are variable and the productivity is not retained, the resultant 
production at the seamount will be low as the phytoplankton are advected downstream. 
This will be highlighted later and in Chapter 5.

The physical processes outlined in the previous section have been thought to produce a 
biological response over seamounts in the following six ways (Figs. 4.6 and 4.7):

1. Isopycnal doming due to Taylor Cone formation will bring deeper, nutrient-rich waters 
up to a shallower depth, particularly into the euphotic zone for shallow seamounts 
(Fig. 4.6; Genin and Boehlert, 1985).

2. Isopycnal doming may generate localised regions of high density stratifi cation over 
the seamount, which may stabilise the water column, helping to promote productivity 
(Comeau et al., 1995).

3. Increased vertical mixing due to tidal amplifi cation, fl ow acceleration, internal wave 
interaction or deep winter mixing can also mix nutrient-rich deeper water upwards over 
shallow seamounts (Fig. 4.6).

Nutrient depleted surface layer

Euphotic zone
Available
nutrients

Mixing

Uplifting
of deep
water

Nutrient-
rich deep

water

Fig. 4.6 Schematic showing vertical nutrient fl uxes associated with dynamical processes acting at a seamount.

4. The enclosed, or semi-enclosed, circulation pattern around the seamount may also be 
important as a retention mechanism for material produced over, or advected into the 
vicinity of, the seamount hence increasing seamount production (Fig. 4.7; Goldner and 
Chapman, 1997; Mohn and Beckmann, 2002).



76  Seamounts: Ecology, Fisheries & Conservation

5. Asymmetric fl ow acceleration at seamount fl anks, or summits, may enhance horizon-
tal fl uxes of organic material with implications for sediment distribution around the 
seamount (Roberts et al., 1974; Turnewitsch et al., 2004) and sessile benthic commu-
nities (Genin et al., 1986; Chapters 8 and 9).

6. Advection of organic material (phytoplankton, zooplankton, etc.) and nutrients from 
the far fi eld into the ‘sphere of infl uence’ of the seamount can be signifi cant if local 
dynamic processes do not provide suitable conditions for the enhancement of product-
ivity over the seamount and an external source of nutrients/food is required (Fig. 4.7; 
Chapters 5, 6 and 15).

Observations of chlorophyll and productivity over seamounts

An increase in chlorophyll a (Chl_a) level has been observed over some seamounts, 
although Chl_a patches are not always a consistent feature (e.g., Genin and Boehlert, 
1985; Mouriño et al., 2001). Chl_a enhancement has been related to uplifting of isotherms 
around seamounts producing a vertical nutrient fl ux to fuel productivity, e.g., at Cobb 
seamount (NE Pacifi c), where a several-fold increase in subsurface Chl_a was associated 
with a Taylor Cone (Dower et al., 1992). Chlorophyll enhancement was also observed 
over the Minami-Kasuga seamount in the NW Pacifi c by Genin and Boehlert (1985), 
and has often been cited as the ‘classic’ response to isopycnal doming over a seamount. 
Here a sharper and larger chlorophyll maximum was located above the seamount, con-
fi ned to below 80 m and associated with the limit of the measured isopycnal doming over 
the seamount. Figure 4.8 shows vertical profi les of March/April chlorophyll and phaeo-
pigments above and off-seamount at Seine Seamount, a 40 km diameter seamount rising 
from 4000 to �180 m depth, in the NE Atlantic (33°45�N, 14°20�W). Enhancement of 
both chlorophyll and phaeopigments over the seamount was clearly visible. The enhance-
ment was greater for phaeopigments than for Chl_a. As phaeopigments may result from 
the degradation of Chl_a, the results might have indicated the accumulation of passively 
aggregating plankton. Similar results were not found, however, on two subsequent surveys 
of the seamount.

Chlorophyll enhancement over seamounts, therefore, is not always the norm. Genin 
and Boehlert (1985) reported that two further surveys of Minami-Kasuga seamount 
within a month of the fi rst survey did not show the same chlorophyll enhancement or 
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Fig. 4.7 Schematic showing advective processes at a seamount: 1 – organic material and larvae retained by 
anti-cyclonic and vertical circulation; 2 – downwelling of organic material to benthic communities; 3 – upstream 
advection and entrainment and 4 – downstream advective loss and ‘patchiness’ development.
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the presence of a cold-water dome. Primary productivity estimates over seamounts have 
also yielded inconclusive evidence for an enhancement response. From several surveys 
carried out over a 7-year period, Mouriño et al. (2001) found signifi cant variability in 
primary production at Great Meteor Seamount (GMS) at seasonal and shorter time scales. 
Relative to the adjacent deep water, primary production over the seamount was higher in 
April 1999 and March 1993 but lower in December 1993.

To illustrate such variability in chlorophyll concentrations over seamounts at different 
temporal and spatial scales, satellite-based measurements of chlorophyll over the GMS 
are shown in Fig. 4.9. GMS is a large tablemount with a summit, rising from a surround-
ing water depth of 4000–5000 m, at approximately 400 m depth, centred at 30° N, 28.5° W. 
Doming of isopycnals up to the base of the euphotic zone has been both observed and 
predicted from models (Mohn and Beckmann, 2002). Elevated chlorophyll values have 
also been observed (e.g., Mouriño et al., 2001; Mohn and Beckmann, 2002). Monthly 
mean Chl_a data, averaged between the latitude range 29.4–30.4° N, have been retrieved 
from the Giovanni data base (http://reason.gsfc.nasa.gov/OPS/Giovanni/, last accessed 
November 2005) along a transect from 35° W to 22° W. Data have a resolution of 0.1° lon-
gitude in the west–east direction.

Figure 4.9a shows that the 7-year mean summer Chl_a values were very low, as might 
be expected for the region, but with a defi nite trend of increasing values from west 
(�0.04 mg/m3) to east (�0.08 mg/m3). Within the vicinity of GMS (29–28° W) a small 
peak in Chl_a was apparent relative to mean background values. This would suggest a 
small but measurable chlorophyll enhancement in the vicinity of GMS. This suggestion 
is qualifi ed somewhat by the data in Fig. 4.9b, which show that August Chl_a values from 
individual years and the 7-year August mean. (The mean Chl_a distribution for August 
paralleled that for the June–August mean.) The individual months indicated both signifi -
cant interannual and mesoscale variability in the distribution. Peaks were not always asso-
ciated with GMS and in some years; peaks of similar magnitude were present close to 
GMS. (Note that smaller scale variability was not represented in the plot as the spatial 
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resolution of the observations was �10 km.) The results indicated that the seamount might 
be a source of variability in the surface chlorophyll distribution pattern in the surround-
ing ocean and/or that the localised dynamical processes at GMS themselves were highly 
variable.

While there is some evidence for a biological response to physical forcing, there is no 
‘ideal’ situation of a regular-shaped seamount in an even fl ow fi eld, so the response may 
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either not be observed or at the scale one might expect. All seamounts are subject to fl ow 
changes ranging from days, through mesoscale up to interannual time scales. Seamounts 
come in a multitude of shapes and sizes. Variability in the far-fi eld forcing and local dens-
ity stratifi cation is likely to play a hugely signifi cant role in the response of any particular 
seamount. This variability has three main consequences:

1. Retention of passive particles reduced (Goldner and Chapman, 1997) with a signifi cant 
proportion of the particles advected downstream (Fig. 4.7).

2. The seamount becomes a source of both physical and biological patchiness in the sur-
rounding ocean extending from deep sub-thermocline layers (Owens and Hogg, 1980) 
to the surface layers (Royer, 1978).

3. Biological distributions will vary on similar time and space scales of the physical vari-
ability, making quantifi cation of the biological response diffi cult without extensive 
measurements (Fig. 4.9).

A further complication is that the horizontal spatial scale of seamounts, typically 
10–50 km, matches the typical patchiness in the biological fi elds in the oceans 
(Wroblewski et al., 1975). Therefore a biological response at a seamount may be masked 
by the background variability in the surrounding ocean. This means that observations are 
likely sampling a pattern within a pattern of a similar spatial or temporal scale. Caution 
would be advised on drawing defi nite conclusions from a one-time hydrographic or bio-
logical survey of seamount ecosystems.

Circulation and material retention at seamounts

There has been much speculation as to the role of localised anti-cyclonic circulation pat-
terns on organic material retention, thus accumulating plankton and increasing the local 
biomass at seamounts. Goldner and Chapman (1997) showed from modelling studies that 
signifi cant retention of passive particles may indeed occur. They used simplifi ed geometry 
and both steady and periodic forcing fl ows in the study, but importantly ‘ramped up’ the 
far-fi eld forcing from zero to fi nal amplitude (unlike most idealised model studies), which 
partly represented a real situation of variable fl ow conditions. As a consequence, particle 
advection (or retention) was found to be dependent on details of initial location relative to 
seamount and how quickly or strongly the current forcing was applied. Particle retention 
was found for both forcing types, but maximum retention was found for a combination of 
both types of forcing fl ows, the local response to which were the two superimposed fl ow 
patterns. The authors concluded that the retention of particles by the seamount circulation 
was dependent on the speed of the ramp up of the forcing motion and that particles close 
to the region of maximum residual current would be retained for longer. In addition, fl uid 
replacing that lost over a seamount came from a relatively narrow band upstream of the 
seamount so dispersion (or retention) of particles was heavily dependent on the mean fl ow 
direction and the time scale of directional changes in the mean fl ow.

Passive particles over large submerged banks may show long residence times (White 
et al., 2005), but the situation over the smaller scale seamounts would appear different. 
Mouriño et al. (2001) estimated a residence time of about 3 weeks over the GMS, although 
this is still larger than a time scale based on fl ow over the same distance of ocean with 
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no seamount present. Dower et al. (1992) reported enhanced chlorophyll levels over Cobb 
seamount for more than 2 weeks. Variability in the chlorophyll distribution over other 
seamounts, however, may be high with a range of variability scales. Mouriño et al. (2001) 
observed seasonal and shorter time scale variability in both chlorophyll and productiv-
ity estimates, similar to those observed in the satellite-derived Chl_a measurements in 
Fig. 4.9. Genin and Boehlert (1985) observed variability in the vertical chlorophyll profi les 
over Pacifi c seamounts with a time scale of about a week. The retention of passive vs active 
particles such as vertically migrating plankton is an interesting aspect of the retention prob-
lem. Beckmann and Mohn (2002) found a higher retention potential for passive particles, 
because downward-migrating particles become subject to larger systematic advection in 
deeper layers, which are decoupled from fl ows above the thermocline.

Material retention, therefore, is most likely a biologically signifi cant dynamic process 
at seamounts. Retention may provide suitable conditions to enhance production, through 
the aggregation of planktonic material, and hence increase the biomass over seamounts 
(e.g., Figs. 4.8 and 4.9). Over large submerged banks, that have similar circulation patterns 
to those found at seamounts, the physical dynamics have a major impact on the material 
retention (White et al., 2005). At seamounts the likely retention time scales have not been 
adequately quantifi ed. Estimates from days to up to a month have so far been inferred 
(Genin and Boehlert, 1985; Dower et al., 1992; Mouriño et al., 2001). The importance of 
retention over seamounts will be discussed further in Chapter 5, particularly in relation to 
transfer of primary production to higher trophic levels. Retention may be important for 
other reasons. For example, the vertical secondary circulation pattern implies an infl ow 
towards the seamount. This is often assumed to be at mid-depth above the seamount 
(Freeland, 1994). Such enclosed circulation cells may well be advantageous for the repro-
ductive strategies of some organisms as their larvae may be retained within the sphere 
of infl uence of the seamount (Mullineaux and Mills, 1997; see Chapter 6). Over Cobb 
seamount for example, Parker and Tunnicliffe (1994) found that most benthic organisms 
have a short-lived or no planktonic larval stage, presumably as the enclosed circulation 
measured over the seamount retains these larvae close to their required settling substra-
tum (see also Chapter 13). The downwelling of material over a seamount that results from 
the circulation pattern is likely important for benthic organisms located near the seamount 
summit. The fl ow acceleration measured over seamount summits and fl anks will also con-
tribute to organic material fl uxes important to suspension feeders such as corals (Genin 
et al., 1986; Chapters 7 and 8).

Advection from the far fi eld

Seamounts constitute a barrier to fl ow, and as such may receive material that has been 
advected from upstream. This, together with the possible retention potential of the local 
dynamics as highlighted above; means that nutrients, different water masses or organic 
material such as phyto- and zooplankton, may be brought into a seamount ecosystem. 
For example, it is known that ‘MEDDIES’, the lenses of MOW propagating westwards 
from the Gulf of Cadiz region, impact on subtropical NE Atlantic seamounts (Bower 
et al., 1995). Elevated levels of chlorophyll over seamounts may also be the result of 
advection of high Chl_a waters over a seamount. Odate and Furuya (1998) observed high 
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Chl_a over Komahashi No. 2 seamount which, when measured on different occasions, 
was attributed to both local production and also advection and accumulation from the sur-
rounding ocean.

‘Haida’ eddies transport NE Pacifi c continental shelf waters offshore, infl uencing the 
biological functioning of the offshore seamounts (Batten and Crawford, 2005; Mackas 
et al., 2005). Seamounts located close to the relatively productive continental shelf 
waters are thus likely to benefi t from such allochtonous fl uxes. Even isolated deep ocean 
seamounts may be impacted by residual fl ows. For example, Lutjeharms and Heydoorn 
(1981) indicated the importance of advective fl uxes for the recruitment of the rock lob-
ster Jasus tristani on Vema seamount in the southern Atlantic. Recruitment is thought to 
be from the advection of developing larvae from the region close to the island of Tristan 
de Cunha over 1600 km to the SW. Drifting buoy tracks have indicated fl ow paths from 
Tristan de Cunha to Vema seamount with a transit time of about 5–7 months, similar to 
the larval development time of the lobster (9 months) before becoming benthic.

Conclusions

Several decades of observational and modelling research have identifi ed the distinct 
physical processes that occur at seamounts and demonstrated the main physical forcing 
mechanisms behind these processes. Theoretical concepts involved have been identifi ed 
and examples provided of where features akin to those predicted have been observed. 
Some form of localised dynamics around seamounts, such as amplifi ed near-seabed cur-
rents (semi) enclosed circulation patterns, doming of density surfaces and enhanced verti-
cal mixing is likely at any seamount. All these physical dynamics would appear to have 
the potential to impact signifi cantly on the biological functioning at seamounts. These 
include: vertical nutrient fl uxes to the euphotic zone due to either the uplifting of density 
surfaces or increased vertical mixing; enhanced organic matter fl uxes at localised points 
of fl ow acceleration; the retention of organic matter in the vicinity of the seamount and 
generation of biological patchiness through variability in the physical response at the 
seamount or other biological effects (discussed further in Chapter 5).

The localised dynamics at seamounts, however, display a wide range of temporal 
and spatial variability due to the synoptic variability of the impinging fl ows and differ-
ent seamount geometry. While the occurrence of these fl ow features might easily be pre-
dicted from assumptions of idealised physical environmental conditions, the strength, 
persistence and interaction of different individual features has proved harder to quantify 
precisely due to the complicated interaction of the forcing mechanisms and seamount 
topographies. This makes it diffi cult to impossible to assess the bio-physical coupling 
from a single hydrographic survey. Spatial and temporal physical variability between 
seamounts makes it diffi cult to formulate a general seamount management strategy. Even 
individual seamounts will require long multidisciplinary time series measurements before 
a management strategy can be formulated, as not enough is known about the physical–
biological coupling. While a biological response is likely present at a seamount due to 
the local dynamics, the variability in the physical forcing makes quantifi cation of the 
biological response hard, and does not allow for simple measurement of the biological 
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consequences. Both the up- and downstream environments have to be taken into account 
for the development of management strategies for seamounts.
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Chapter 5

Seamount plankton dynamics

Amatzia Genin and John F. Dower

Abstract

The biomass of fi shes and other zooplanktivores is unusually high over shallow, inter-
mediate and, sometimes, deep seamounts. This cannot be explained in terms of ‘bottom-
up control’, which is driven by local upwelling and the ensuing augmentation of local 
primary production. Although upwelling does occasionally occur, it rarely penetrates the 
photic layer and has not been observed to remain over a seamount long enough to affect 
the growth of local zooplankton populations. In fact, the biomass of seamount zooplank-
ton is, in many cases, lower above the summit than in the surrounding waters, especially 
over shallow seamounts. In contrast, the weight of the available evidence indicates that the 
trophic enrichment over seamounts is due to allochthonous inputs via (i) bottom trapping 
of vertically migrating zooplankton and (ii) greatly enhanced horizontal fl uxes of sus-
pended food. Bottom trapping of migrating zooplankton in the early morning is a major 
mechanism for accumulation and trophic focusing of zooplankton over seamounts at shal-
low and intermediate depths, the trapped zooplankters being readily consumed by fi shes. 
Enhanced horizontal fl uxes of planktonic prey appear to be a major pathway of trophic 
subsidy over deep seamounts. High fl uxes are maintained due to substantial enhancement 
of currents and amplifi cation of internal waves over the seamount topography. Bio-
physical interactions are the key mechanisms responsible for the maintenance of unusu-
ally high biomass at high trophic levels. Hence, the biological enrichment of seamount 
communities may be the product of a bottom-up pathway fueled by trophic subsidy to 
carnivores, rather than by local enhancement of primary production.

Introduction

Seamounts are abrupt, shallow features found over much deeper, nearly fl at bottoms (see 
Chapter 1). As such, seamounts have profound effects on physical and biological character-
istics of the surrounding waters and, in turn, on the local dynamics of plankton (see Chap-
ter 4). In this chapter, we consider how bio-physical interactions between seamounts and 
ocean currents can affect the productivity, distribution and consumption of phytoplankton 
and zooplankton and their relationships with resident predators. A key goal is to explain 
the well-documented exceptional production of nektonic populations over many seamounts 
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(see Chapters 6 and 9). We therefore focus on the underlying mechanisms, rather than 
merely listing planktonic species that have been recorded over seamounts. We also con-
sider this issue from the perspective of both resident seamount species, for which plankton 
advected over seamounts represents a key energy source, and open-ocean plankton that is 
occasionally advected over the shallow topography.

We classify seamounts in three depth categories (after Genin, 2004): shallow – summit 
within the photic layer, intermediate – summit below the photic layer but shallower than 
the day-time depth of most of the vertically migrating zooplankton (�400 m) and deep
(summit below 400 m). Trophic inputs to the seamount community will be termed auto-
chthonous if their origin is from local primary production (i.e., over the seamount), or 
allochthonous if they originate in the surrounding open sea.

Plankton dynamics at seamounts

Phytoplankton growth is usually limited by the availability of either light or nutrients. 
Locally enhanced phytoplankton biomass is often found in association with abrupt topo-
graphic features such as headlands, banks and islands due to the injection of inorganic 
nutrients into the surface waters via topographically induced mixing (Mullin, 1993; Mann 
and Lazier, 1996). It has long been held that the high biomass of nektonic species that 
often occurs around shallow seamounts is at least in part, due to locally enhanced primary 
production and the subsequent bottom-up transfer of energy to higher trophic levels in 
seamount food chains (Uda and Ishino, 1958; Hubbs, 1959; Uchida and Tagami, 1984).

Evidently, current–topography interactions have the potential to enhance primary produc-
tion over shallow seamounts (see Chapters 4 and 14). Physical oceanographic phenomena
such as localized upwelling, enhanced turbulent mixing, the amplifi cation of tidal currents, 
and Taylor cone formation can all serve to enhance the entrainment of inorganic nutri-
ents to the euphotic zone if the seamount in question penetrates to within a few hundred 
meters of the surface. In contrast, current–topography interactions at deeper seamounts 
are unlikely to impact near-surface biological processes, due the damping effects of near-
surface stratifi cation (see Chapter 4).

Given that most seamounts occur in offshore, highly oligotrophic waters, away from 
continental infl uences, the injection of nutrients into the near-surface layer may represent 
a very important source of mesoscale variability in the distribution of the inorganic nutri-
ents vital to phytoplankton growth. The vertical uplifting of water over shallow seamounts 
can also increase average light levels experienced by phytoplankton, further increasing 
the possibility of locally enhanced primary production. However, the frequency of such 
topographically induced in situ amplifi cation of production above shallow seamount eco-
systems is under dispute.

Despite more than 20 years of oceanographic fi eld observations, there have been very 
few observations of persistently high phytoplankton biomass, usually estimated from 
chlorophyll concentrations, over seamounts. Whether this is merely a sampling artifact, 
due to the small number of seamounts that have been studied in detail, or because such 
effects are rare or highly episodic, remains unclear. The situation is further complicated 
because the few studies, which have measured phytoplankton stocks over seamounts have 
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only rarely measured subsurface currents at the same time, making it diffi cult to ascribe 
any observed biological effects to current–topography phenomena. Here, we review stud-
ies that have investigated the effects of seamounts on standing phytoplankton stocks and 
draw conclusions about the general nature of such interactions and their possible conse-
quences for higher trophic levels in seamount ecosystems.

Local enhancement of standing phytoplankton standing stocks above a seamount was 
fi rst reported by Genin and Boehlert (1985). While surveying seamounts in the highly oli-
gotrophic western subtropical North Pacifi c, a region of high subsurface chlorophyll water 
(�150% of background levels) was observed over Minami-Kasuga seamount (summit 
depth �260 m). The patch was associated with a region of colder water caused by localized
isothermal doming over the summit, and was therefore clearly a ‘seamount effect’. However,
a second survey just 2 days later revealed no evidence of the feature, nor did a third sur-
vey about 2 weeks later. Thus, although by far the most cited example of the potential for 
bottom-up forcing to locally enhance primary production at seamounts, the high chloro-
phyll patch over Minami-Kasuga was rather ephemeral.

A more persistent feature was observed above Cobb Seamount, a shallow NE Pacifi c 
seamount that penetrates to within just 25 m of the surface: Dower et al. (1992) recorded 
a ‘bulls-eye’ of high chlorophyll water centered over the summit in July 1990. Local chlo-
rophyll concentrations within the bulls-eye were almost 10 times higher than background 
levels for nearly 3 weeks. Contemporaneous current meter observations showed that during 
that period, Cobb Seamount was capped by an anticyclonic recirculation, consistent with 
a stratifi ed Taylor cone (Freeland, 1994). Observations from three subsequent cruises in 
1991–1992 also revealed locally elevated chlorophyll concentrations over Cobb Seamount 
(Dower, 1994), suggesting that the feature may be quasi-permanent. Comeau et al. (1995) 
also reported that both primary production and diatom abundances were locally enhanced 
over Cobb in 1991.

Interestingly, although examination of the Cobb zooplankton community provided evi-
dence of a statistically signifi cant, but biologically subtle, shift in community composi-
tion, there was no evidence of any local enhancement of zooplankton biomass (Dower 
and Mackas, 1996). This suggests that, although current–topography interactions at Cobb 
Seamount appear to have a measurable effect on the primary producers, this energy is not 
being transferred to the local secondary producers. If this is a general trend, it may well 
be that local enhancement of phytoplankton biomass over shallow seamounts is exported 
downstream, perhaps indicating a role for seamounts in generating mesoscale variability 
in primary production.

Enhanced subsurface chlorophyll maxima (SCM) layers were also observed during three 
hydrographic surveys near Komahashi II Seamount (summit depth 289 m), in the highly
oligotrophic subtropical gyre of the western North Pacifi c (Odate and Furuya, 1998). 
However, at least two factors argue against these features being ‘seamount effects’ in the 
classical sense. First, one of the enhanced SCM features was located 60 km downstream, 
rather than over the seamount summit. Second, the other SCM appeared to result not from 
localized upwelling but from nutrient injection brought about by mixing, either through 
shear-driven turbulence or double diffusion, along the interface of two water masses that 
just happen to meet near Komahashi II Seamount. Thus, although observed in the vicin-
ity of a seamount, the enhanced SCM layers reported by Odate and Furuya (1998) seem 
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more likely to have resulted from simple patchiness and horizontal variations in tempera-
ture, nutrients and phytoplankton.

A similar explanation would appear to account for highly variable results from Great 
Meteor Seamount (summit depth �300 m) in the Northeast Atlantic (Mourino et al., 2001).
Between 1992 and 1999, fi ve surveys collected a suite of physical, chemical and biologi-
cal oceanographic data, including measurements of currents, hydrographic structure, fl u-
orescence, primary production and nutrient concentrations. During the single survey in 
which they were deployed, data from a current meter array suggested an anticyclonic fl ow 
around the seamount. However, the authors contended that this pattern likely resulted from
the amplifi cation and/or rectifi cation of internal tides (e.g., Noble and Mullineaux, 1989;
Kunze and Toole, 1997) rather than a Taylor cone recirculation. Although various biological
parameters, such as fl uorescence, primary production and microzooplankton abundance 
and composition, were occasionally found correlated with proximity to the seamount, 
the patterns were largely inconsistent or contradictory from one cruise to the next. Thus, 
the authors concluded that, even if current–topography interactions were affecting the 
local phytoplankton populations over Great Meteor Seamount, the signals were impos-
sible to separate from the natural background spatio-temporal variability in hydrographic 
conditions.

Primary production and chlorophyll concentrations were measured above Fieberling 
Guyot (eastern North Pacifi c, summit depth 438 m) in 1989–1991 as part of the TOPO 
program (Haury et al., 2000). The region is oligotrophic with an average Secchi depth of 
34 m. Neither primary production nor chlorophyll was enhanced above the seamount rela-
tive to control locations away from the seamount and over its fl ank (Haury et al., 2000). 
The thermohaline structure around Fieberling Guyot and its neighboring seamounts 
Fieberling II and Hoke (summit depths 1050 and 900 m) was studied in 1991 by Roden 
(1994). While transient, bottom-intensifi ed upwelling cones were encountered on all three 
seamounts, their persistence at a given location was less than a week and in all cases the 
water uplift decayed with height above bottom, well below the bottom of the photic layer 
(Roden, 1994).

An extensive survey designed to examine the occurrence of upwelling-driven enhanced 
productivity over seamounts was reported by Genin (2004), who surveyed eight differ-
ent seamounts from 100 to 1440 m in depth across the North Pacifi c 17 times. Although 
isothermal doming, indicative of upwelling, was observed in nearly 50% of the visits, 
only once did the upwelling penetrate the photic layer and result in higher chlorophyll 
concentrations.

In summary, from the data that are available, some common themes emerge. First, 
occurrences of enhanced primary productivity and higher phytoplankton biomass over 
seamounts are uncommon. Second, where such effects have been reported, they all came 
from seamounts with summits shallower than 300 m and lasted a few days, at most. To 
date, only the observations from Cobb Seamount are suggestive of the existence of any 
sort of permanent or recurrent enhancement of primary production over seamounts. Our 
evidence challenges the widely held view that the immense stocks of seamount nekton are 
maintained by bottom-up transfer of energy from locally enhanced primary production. It 
is possible that, far from fostering the growth of higher trophic levels above seamounts, the
suite of current–topography interactions that occasionally entrain nutrients to the photic 
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layer are more important to downstream plankton production. This would imply an impor-
tant role for seamounts in generating mesoscale patchiness in production, particularly in 
the open oligotrophic ocean.

Zooplankton dynamics over seamounts

Upwelling and secondary production: an unlikely mechanism

Three conditions should be met for topography-generated upwelling to affect the productivity
of zooplankton over a seamount: (i) the region should be oligotrophic, that is, primary pro-
duction is nutrient limited; (ii) the upwelled, nutrient-rich water must penetrate the photic 
layer and (iii) the ‘patch’ of upwelled water with augmented productivity should remain 
above the seamount long enough to affect zooplankton production, that is, at least the dura-
tion of a typical zooplankton generation (i.e., weeks to months). The available evidence 
suggests that seamount-generated upwelling rarely penetrates the photic layer and almost 
never remains trapped above the seamount more than a few days. Although long residence 
time is theoretically possible as part of a Taylor cap (see Chapter 4), to the best of our 
knowledge, no study has yet observed an enduring patch of high zooplankton biomass over 
a seamount. On the contrary, several studies over seamounts in the eastern Pacifi c (Genin 
et al., 1988, 1994) and Atlantic Ocean (Nellen, 1973) reported that the waters overlying the 
seamounts had lower zooplankton biomass than in the surrounding waters. Our conclusion 
is that the dynamics of zooplankton above seamounts is likely unrelated to local, seamount-
driven changes in the productivity and biomass of phytoplankton.

Trophic focusing: bottom trapping of migrating zooplankton

Ocean wide, numerous zooplankters migrate daily between the deep, aphotic layer and the 
upper, near-surface waters. The summits of many seamounts are well within the vertical 
range crossed by those zooplankters in their daily migration. Therefore, during the night, 
while foraging near the surface, migrating zooplankters are carried with the currents to 
the area above the seamount summit (Box 5.1). If the summit is shallower than their day-
time depth, the animals would be unable to complete their descent in the next morning and 
thereby become trapped above the summit in shallow, possibly well-lit water, vulnerable 
to visual predators. This mechanism, fi rst proposed by Isaacs and Schwartzlose (1965), 
has since been corroborated by a series of studies over several shallow and intermedi-
ate seamounts in the Pacifi c and Atlantic oceans (Genin et al., 1988, 1994; Fock et al.,
2002a, b). The food supplied to the seamount community via topographic trapping can be 
as much as 40 times greater than the local primary productivity (Isaacs and Schwartzlose, 
1965).

The depth of the seamount summit is a key parameter in the trapping mechanism. 
Since most of the migrating zooplankton forage during the night throughout the photic 
layer, the vertical fl ux of descending animals in the morning should reach peak values at 
the bottom of that layer. Where the summit is shallower, some proportion of the migrat-
ing animals would be swept around, as opposed to above, the summit during the night and 
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will therefore not add to the biomass accumulated over the summit at dawn. Note, how-
ever, that migrating zooplankton swept around the summit may similarly become trapped 
above the slope.

Since different species of diel migratory zooplankton descend to different depths 
during the day, the deeper the summit of a given seamount, the less bottom trapping is 
expected. No signifi cant bottom trapping is expected over seamounts with summits deeper 
than the deepest reach of the vertically migrating animals. Although some migrating zoo-
plankters can reach 800 m depth (Wiebe et al., 1979), most diel migrations are restricted 
to the upper few hundred meters (Angel, 1985). Brooks and Mullin (1983) estimated that 
about half of the zooplankton biomass in the Southern California Bight migrates through 
the 56 m isobath. Brinton (1967) presented data suggesting that most juvenile and adult 
euphausiids off California migrate daily through the 100–150 m isobaths. Most migrating 
micronekton in the waters off Oregon move from a depth of 0–50 m at night to 300–500 m 
during the day (Pearcy et al., 1977).

Hence, the trophic benefi t due to bottom trapping should be most effective for seamounts 
at the shallow-intermediate depth range (100–250 m). Uchida and Tagami (1984) reviewed 
historical records of the Soviet and Japanese seamount fi sheries in the 1960s–1970s as well 
as their own observations over several seamounts in the North Pacifi c. In accordance with 
our conclusion, high fi sh catches were reported mostly from seamounts at the intermedi-
ate depth range. Estimates based on the average zooplankton biomass and currents suggest 
that the bottom trapping mechanism together with the horizontal fl ux of non-migrating zoo-
plankton may provide suffi cient food to maintain the commercial fi sheries on intermediate 
seamounts (Tseitlin, 1985).

The formation of dense zooplankton accumulations by the trapping mechanism can 
greatly augment food capture by zooplanktivorous fi shes (Nonacs et al., 1994; Kifl awi and
Genin, 1997). Driven by the bottom trapping mechanism, planktivorous rockfi sh (Sebastes
spp.) have been shown to aggregate at dawn along the upstream fl anks of seamounts 
where the likelihood of daily prey renewal from the surrounding deep waters is highest 
(Fock et al., 2002b). The stomachs of rockfi shes caught near the upstream fl an of Nidever 
Bank, a seamount in the outer region of the Southern California Bight with a summit at 
100–140 m depth, were packed with Euphausia pacifi ca, the dominant migrating species 
in that region (Genin et al., 1988). Extensive analyses of fi sh stomachs by Fock et al.
(2002a) indicated that the topographic trapping mechanism could explain the sustained 
fi sh populations, their distribution and diel behavior over the Great Meteor Seamount 
(subtropical NE Atlantic). Seki and Somerton (1994) observed that feeding by pelagic 
armourhead (Pseudopentaceros wheeleri) at SE Hancock Seamount (265 m, Hawaii 
seamount chain, central North Pacifi c) peaked in early morning and that their diet con-
sisted mostly of open water, migrating micronekton that were advected and trapped over 
the seamount top during the night. That seamount, as well as other intermediate seamounts 
along the Hawaiian-Emperor ridge, harbored extremely high abundances of micronekton, 
some of them zooplanktivorous (Boehlert and Seki, 1984; Wilson and Boehlert, 1993, 
2004). Additional evidence for locally intensifi ed zooplanktivory over seamounts was 
reported by Haury et al. (1995), who found that the abundance of copepod carcasses was 
higher above several intermediate depth seamounts in the eastern North Pacifi c than in the 
surrounding waters.



 Seamount plankton dynamics  91

In conclusion, bottom trapping appears to be an effective mechanism of trophic focus-
ing through which zooplankters are advected, accumulated and effi ciently consumed by 
seamount fi shes and other predators. This mechanism could have been the key trophic 
pathway in the maintenance of the immense fi sh populations over intermediate seamounts 
(Tseitlin, 1985; Fock et al., 2002a, b) prior to the collapse of the seamount fi shery due 
to over fi shing (see Part V). As the biomass of vertically migrating zooplankton rapidly 
declines with depths below several hundred meters, other mechanisms are apparently 
responsible for the maintenance of rich fi shing resources of orange roughy (Hoplostethus
atlanticus) and oreos (Allocyttus niger, Pseudocyttus maculatus) over deep (700–1500 m) 
seamounts (Clark, 2001; see Chapter 17).

Gap formation and zooplankton patchiness

The daily trapping of migrating zooplankton, their consequent consumption by resident 
predators, and their possible drift off the seamount during the day, result in a situation where 
only a few migrating zooplankters remain over the seamount by the late afternoon (Genin 
et al., 1994). During the evening, when migrating zooplankters ascend to the upper water 
column around the seamount, a gap devoid of migrating zooplankton is created above the 
seamount (Box 5.1; Fig. 5.1a). Initially, the diameter of the gap matches that of the bathy-
metric contour of the seamount summit at the depth where these zooplankters reside during 
the day, for example at 200–300 m for Euphausia pacifi ca (Genin et al., 1994; Haury et al.,
2000). Similar occurrences of nocturnal gaps of migrating zooplankton were reported from 
the Great Meteor and Josephine Seamounts in the NE Atlantic (Hesthagen, 1970; Nellen, 
1973). As expected, no gaps are found for non-migrating zooplankters, as those species 
always remain high above intermediate and deep seamounts (Genin et al., 1988; Fig. 5.1b). 
Some depletion of non-migrating zooplankton is to be expected above shallow and inter-
mediate seamounts, especially during the day, if resident fi sh ascend to feed on zooplankton 
high above the bottom.

During the night, vertically sheared currents degrade the original gap into smaller, 
narrower gaps that gradually drift off the seamount into the surrounding ocean (Box 5.1). 
Depending on the strength of the currents and the seamount size, the gap can be found over 
the neighboring deep waters by dawn, well away from the seamount summit. Furthermore, 
when the migrating zooplankton around the gap descend at dawn, the gap ‘follows’ them 
and can be found in deeper waters. Gaps may thereby be maintained for some time, aug-
menting zooplankton patchiness around shallow and intermediate depth seamounts. Indeed, 
using extensive data collected by a Californian survey program (CalCOFI), Genin et al.
(1988) found that the patchiness of migrating zooplankton (euphausiids and copepods), but 
not that of non- or weakly migrating animals (chaetognaths), was stronger near seamounts 
and banks than in the adjacent fl at bottom region. The ecological effects of such augmented 
patchiness on seamount communities have not yet been explored.

Trophic subsidy: enhanced horizontal fl ux of planktonic prey

The summits and upper slopes of many seamounts are exposed to very strong currents. 
Several mechanisms amplify fl ow over seamounts, including the defl ection of impinging 
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Box 5.1 Bottom trapping of vertically migrating zooplankton

Numerous zooplankters spend the day in deep, aphotic waters, rise after sunset 
into the food-replete photic layer and return to deep waters early in the morning. 
The fi gure describes the bottom trapping mechanism over a seamount where the 

Current

(a)

(b)

(c)

(d)

(e)

(f)

The bottom trapping mechanism over a seamount.
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currents, rectifi cation of internal tides and the formation of bores when internal waves
encounter a slope of a certain degree (Eriksen, 1982, 1991; Kunze and Sanford, 1986; 
Mohn and Beckmann, 2002a, b; see Chapter 4).

Since fl uxes of suspended food and planktonic larvae are a linear function of fl ow 
speed, the intensifi cation of near-bottom currents over seamounts can substantially aug-
ment the growth and survival of benthic and near-bottom planktivores, as well as enhanc-
ing the rate of larval supply and recruitment (Genin et al., 1986). The effect is expected 
to be most pronounced over intermediate and deep seamounts where food is thought to be 
the major factor limiting secondary productivity.

Benthic trapping of drifting food from the fl owing water is a form of trophic subsidy 
(sensu Polis et al., 1997), the import of allochtonous food to a local community. The sub-
sidy de-couples the productivity of the subsidized community, in this case the seamount-
resident species, from the regional level of primary production. The magnitude of the 
subsidy depends on the concentration of plankton and detrital particles, the fl ow speed 
and the ability of the benthic community to trap drifting food. We suggest that trophic 
subsidy is the mechanism responsible for the maintenance of immense biomass of orange 
roughy and oreos over very deep seamounts (see Chapter 17).

While the benefi t of enhanced fl uxes of drifting particles is obvious for sessile suspen-
sion feeders (Genin et al., 1986; Sebens, 1997), the benefi t for mobile animals is more 
diffi cult to explain. Instead of remaining stationary and waiting for currents to bring food, 
mobile animals can simply swim and actively control their search and encounter with 
prey. Is there a difference in the energy gain between a planktivorous fi sh, which holds 
place against the fl ow and one which actively swims at the same speed relative to water? 
Obviously, from a physical point of view there is no difference. However, when optimal 

summit is deeper than the photic layer but shallower than the day-time depth of 
migrating zooplankters. Dotted areas – a layer of migrating zooplankters; full area – 
the seamount topography; full wavy line – sea surface; Sun and Moon symbols on 
the right indicate day and night. For simplicity, the diagram considers the current to 
fl ow from left to right throughout the water column. During the day (a) the migrat-
ing zooplankton is found in deep waters around the seamount’s slopes. After sunset 
(b) the animals ascend to the photic layer, forming a gap the width of which equals 
to that of the seamount at the depth where the migrating zooplankters were found 
during the day. During the night (c, d) the zooplankters drift with the surface cur-
rent, gradually displacing the gap away from the seamount and bringing ‘new’ zoo-
plankters from open, upstream region to above the summit. By sunrise (e), when the 
animals start their descent, a layer of zooplankton is found above the entire summit. 
Later in the morning (f), the zooplankters found above the seamount become trapped 
above the shallow summit, unable to complete their descent to the deeper waters. 
The animals trapped in the illuminated waters above the summit are readily consumed 
by resident visual predators (e.g., rockfi sh), so that by late afternoon (a), very few (if 
any) zooplankters remain above the summit. Based on Fig. 2 in Genin et al. (1994) 
and Fig. 18 in Haury et al. (2000).
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behavior is added, the benefi t of being site attached and feeding from the moving water 
can be substantial.

The suggested mechanism, termed the ‘feed-rest’ hypothesis (Genin, 2004), is based 
on the assumption that the fi sh optimize their energetic gain by (i) limiting their feeding 
times to periods when prey fl ux is high and (ii) resting motionless at shelters when food 
is scarce. The mechanism should benefi t zooplanktivorous fi sh, as the distribution of their 
prey is ubiquitously patchy (Haury et al., 1978; Mackas et al., 1985). While open water 
fi sh must swim to fi nd rich patches of prey, site-attached fi sh can save energy by remain-
ing stationary in the quiescent benthic boundary layer until rich patches of food drift in. 
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Fig. 5.1 The nocturnal zooplankton gap above an intermediate seamount. The plots present the average (�s.e.)
density of migrating zooplankton (Pleuromamma gracilis, P. borealis and Euphausia pacifi ca – top panel) and 
non-migrating zooplankton (chaetognaths and bryozoan larvae – bottom panel) sampled during three nights 
over the shallow (97–150 m) summit of Sixtymile Bank and over the deep (�1000 m) waters 6–15 km north and 
south of it. The seamount is located in the Southern California Bight, 110 km southwest of San Diego (32º05�N, 
118º15�W). Zooplankton was sampled by towing a plankton net (1 m2 MOCNESS) in a ‘yo-yo’ pattern between 
30 and 55 m below surface. N	9, 10 and 11 samples at the north, over and south sites, respectively. Note the 
remarkable (6–11 times) decline in the abundance of migrating zooplankters over the summit and the absence of 
such a difference for non-migrating taxa. Source: After Genin et al. (1994).



 Seamount plankton dynamics  95

The rough bottom topography on many seamounts (Fig. 5.2; Genin et al., 1986) provides 
ample quiescent shelters in close proximity to the strong fl ow. Such conditions allow fi sh 
that rest in the shelters to continuously sense the abundance of prey in the fl owing water 
outside. Site-attached fi sh are well adapted to feed in the fl ow (McFarland and Levin, 
2002), although their functional response can be complex (Kifl awi and Genin, 1997).

Fig. 5.2 The rich benthic community of suspension feeders on intermediate and deep seamounts. Top panel: 
basket stars and octocorals on a pinnacle (168 m depth) on East Diamante Seamount in the Mariana Islands. 
Schools of juvenile fi sh are visible in the background in the lower left (credit: NOAA Ocean Exploration Program). 
Lower panel: a ‘forest’ of black corals, Stichopathes spiessi at 450 m depth on the summit of Fieberling Guyot 
(32º25�N, 127º47�W) (credit: Deep-Tow Group, Marine Physical Lab, Scripps Institution of Oceanography). Note 
the rough bottom topography and the dense protruding sessile fauna, which together provide quiescence shelters 
in which planktivorous fi sh can rest while waiting for drifting prey to arrive with the strong fl ow outside.

A few behavioral studies of mobile planktivores inhabiting deep, topographically rough 
habitats support the feed-rest hypothesis. Visual observations made by Lorance et al.
(2002) on the continental slope in the Bay of Biscay showed dense aggregations of orange 
roughy in quiescent locations within a canyon. Most of the fi sh were completely inac-
tive; a few moved slowly, none were feeding. Vigorous currents were encountered around 
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the canyon just outside of the fi sh shelter. Strong currents are a common characteristic of 
orange roughy habitats in the deep sea (Clark, 1995). This species, unlike any other deep 
sea fi sh, has strong muscle capable of sustained swimming (Koslow, 1997). We speculate 
that this unique body composition has evolved as an adaptation for effective prey capture 
under conditions of strong fl ow and high prey density, thereby maximizing the energetic 
gain from the feed-rest strategy. Resting aggregations of Pacifi c ocean perch (Sebastes
alutus) observed by Brodeur (2001) in Pribilof Canyon, Bering Sea, also seem to use the 
feed-rest strategy. Using a remotely operated vehicle (ROV), Brodeur (2001) found that 
dense aggregations of motionless fi sh form during the night within a ‘forest’ of benthic 
sea whips, while during the day the fi sh were actively feeding above the forest. The fi sh 
were absent at sites without sea whips. High densities of sea whips indicate the occur-
rence of strong currents at that site. Dense forests of sea whips and other passive suspen-
sion feeders are found on the summits and slopes of many seamounts shallower than ca.
1000 m (Fig. 5.2; Genin et al., 1986).

Seamounts provide optimal conditions for the feed-rest mechanism as the fl ow is 
strongly accelerated and quiescent shelters are readily available. The effect of such a trophic 
subsidy should be most pronounced at deep seamounts where food is a major limiting fac-
tor and the trophic contribution by other mechanisms (e.g., upwelling, topographic trapping) 
cannot be signifi cant.

Ichthyoplankton

The question of whether distinct assemblages of larval fi sh, different from normal oceanic 
ichthyoplankton communities, occur at seamounts is of considerable interest in terms of 
both the biogeographic affi nities of seamount fi shes and the long-term maintenance of 
high biomass of seamount fi sh. The issue is complicated by the fact that, although many 
fi sh species have been reported to occur in high abundance over seamounts (see Chapters 6 
and 9), the ecology of the early life history stages of most of those species remains largely 
unknown.

The distribution of seamount ichthyoplankton was fi rst considered by Nellen (1974), who 
reported that the larvae of two ‘topographically associated’ fi sh species were more abundant 
over Great Meteor Seamount than in the surrounding North Atlantic waters. Although a sub-
sequent study did not fi nd any such pattern (Belyanina, 1984), results from a comprehensive 
survey in 1998 (Nellen and Ruseler, 2004) re-confi rmed the original pattern. It appears that 
although the overall abundance of ichthyoplankton over Great Meteor is lower than in the 
surrounding waters, the abundance of neritic larvae is signifi cantly higher. The presence 
of adults of some of those neritic species prompted the suggestion that their populations 
are self-sustaining due to the retention of their larvae around the seamount (Nellen, 1974; 
Nellen and Ruseler, 2004). This claim is supported by the modeling study of Beckmann and 
Mohn (2002), which indicates the likely existence of a persistent Taylor cone over Great 
Meteor Seamount. Larval retention in a Taylor cone was also proposed by Mullineaux and 
Mills (1997) to explain the higher abundance of invertebrate larvae near Feiberling Guyot 
than away from it. However, the larvae could be more abundant near the guyot also because 
the seamount was the closest possible source for such larvae in the surrounding deep ocean.
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When compared to other seamounts, the results from Great Meteor seem to be the 
exception, rather than the rule. In a comprehensive review that considered virtually all of 
the available data, including a series of less widely accessible Russian technical reports, 
Boehlert and Mundy (1993) found little evidence to conclude that specialized ichthyo-
plankton assemblages commonly occur around seamounts. Despite this, however, some 
general trends did emerge. First, ichthyoplankton collections in the vicinity of seamounts 
are generally dominated by cosmopolitan oceanic taxa. Second, and as is often the case 
with other zooplankton, the abundance of ichthyoplankton directly over seamounts is usu-
ally lower than in the surrounding oceanic waters. Third, and although not a widespread 
phenomenon, high concentrations of larvae of topographically associated fi shes occasion-
ally occur over seamounts, but generally only near shallow seamounts that are reasonably
close to continents or large islands (Boehlert and Mundy, 1993). An example of the latter was
reported by Dower and Perry (2001) who observed very high abundances of rockfi sh 
(Sebastes spp.) larvae within a 30 km radius of Cobb Seamount. The fact that the Cobb 
ichthyofauna is known to be dominated by various rockfi sh species (Pearson et al., 1993), 
coupled with the observation that the youngest (i.e., smallest) larvae were collected 
immediately over the seamount summit, suggest a local origin for the larvae. However, 
two previous cruises at the same time of year found no such enhancement (Dower, 1994). 
Similarly variable patterns have been observed at Southeast Hancock Seamount, where 
the abundance of larvae of two of the dominant seamount fi sh, Maurolicus muelleri and 
Pseudopentaceros wheeleri varied seasonally, being more abundant over the seamount 
than the surrounding waters in winter, but not in summer (Boehlert, 1988).
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Chapter 6

Midwater fi sh assemblages and seamounts

Filipe M. Porteiro and Tracey Sutton

Abstract

Meso- and bathypelagic fi shes are conspicuous components of the ‘deep scattering lay-
ers’ (DSL) of the world oceans. These ichthyofauna interact with resident demersal fauna 
at seamounts in several ways: (1) horizontal impingement by non- or weak vertical migra-
tors (mainly deep meso- and bathypelagic forms); (2) impingement of mesopelagic vertical 
migrators during migration, including topographic trapping; (3) adoption of a benthope-
lagic lifestyle over seamounts by large, adult pelagic fi shes; and (4) adoption of a pseudoce-
anic lifestyle by species from primarily pelagic families, including endemism and active 
aggregation, the latter being corroborated by acoustic evidence. Bio-physical coupling 
mechanisms are highly variable and site dependent, but some physical oceanographic fea-
tures such as Taylor caps may serve to retain pelagic populations over seamounts; the most 
important physical feature is water depth over the seamount summit. There is evidence that 
pelagic fauna provide a crucial trophic link in seamount ecosystems and may be responsible 
for the large biomass of demersal fi shes found at these locations. There is little evidence for 
direct bottom-up enhancement, whereas two behaviour-based explanations are supported by 
fi eld studies: (1) the ‘food-rest’ hypothesis that predatory fi shes use the seamount to hold 
station (rest) while taking advantage of the horizontal advection of prey (food); and (2) the 
‘topographic trapping/interception’ hypothesis that predatory fi shes rely on seamounts to 
concentrate the density of vertically migrating pelagic prey. The exact mechanism may vary, 
but the overall effect is to convert mid-trophic level biomass (pelagic prey) to higher trophic 
level biomass (seamount-associated fi shes) with increased effi ciency.

Introduction

Deep-sea midwater fi shes are considered ancient ‘unevolved’ bony fi shes (Andriashev, 
1953) that belong to ancestral fi sh orders (Miya et al., 2001; Nelson, 2006). Parin (1984) 
suggested that most deep pelagics evolved from demersal ancestors at similar depths on 
the outer continental shelves and slopes. These highly specialized fi shes represent about 
7.5% of all marine fi sh species (ca. 1200 from 16 000; Froese and Pauly, 2006), with the 
greatest diversity in the mesopelagic layers. Two main groups of deep-sea midwater fi shes 
can be recognized: meso- and bathypelagic fi shes. The morphological, physiological and 
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behavioural adaptations (Marshall, 1979; Childress, 1995; Salvanes and Kristoffersen, 
2001) developed by each group refl ect the environmental conditions and biotic interactions 
in the disphotic twilight zone (mesopelagial: 200 to 1000 m) and in the aphotic abysses 
(bathypelagial: 1000 to �3000 m).

In general, mesopelagic fi shes are small sized up to 30 cm long, but normally about 
10 cm, although some species can reach 1 m. Most migrate vertically into the epipelagic 
layer at night and have a species-specifi c ventral array of bioluminescent photophores that 
are used for camoufl age against predators, prey attraction and illumination and intraspecifi c 
communication (Herring and Morin, 1978; Young, 1983). They are relatively short-lived,
rapid-turnover species with life spans of 1–5 years; cold- and deep-water forms tend to 
grow larger and live longer than tropical, shallower species (e.g., Childress et al., 1980; 
Linkowski, 1985; Gartner, 1991). Bathypelagic fi shes, on the other hand, are morphologi-
cally, physiologically and behaviourally adapted to conserve energy in a food-limited envi-
ronment. They are larger than mesopelagic fi shes and have higher growth rates achieved 
by higher relative growth effi ciencies (between 25% and 50%) (Childress et al., 1980; 
Childress, 1995). Vertical migration and bioluminescence are uncommon (Young, 1983).

Midwater fi shes represent an important link between zooplankton and higher trophic level 
predators such as seabirds, squids, piscivorous fi shes and marine mammals. The primary 
prey of open-ocean mesopelagic zooplanktivorous fi shes are calanoid copepods (Sutton 
et al., 1998), but gelatinous prey are also important for deep meso- and bathypelagic fi shes 
around mid-ocean ridges and seamount systems (Sutton et al., in press). Micronektivores 
are also an important guild of midwater fi shes, feeding primarily on migrating fi shes but 
also on shrimps and/or cephalopods (Sutton and Hopkins, 1996; Sutton et al., 1998).

Oceanic DSL

The backscattered acoustic signals or the DSL are the most prominent features in the 
acoustic profi les of ocean water columns. During the day, the DSL is stable and compact, 
50–200 m thick, in mid-depths from 400 to 600 m. At dusk, most of the targets ascend 
into the epipelagic zone, where they split into several vertical sub-layers, while some 
stay at the daytime depth or displace vertically within the mesopelagial. Before dawn, the 
main DSL descends again to daytime depths. Apart from the main DSL, other less strong 
acoustic layers are associated with particular groups of zooplankton or micronekton. Most 
of the deeper DSL are produced by non-migrant pelagic organisms.

Micronektonic fi shes with gas-fi lled swimbladders, such as vertically migrating myc-
tophids, are the main component of the DSL, while macroplankton with gas chambers, 
such as some gelatinous siphonophores, also produce strong echoes. Pelagic invertebrates 
with hard chitinous exoskeletons like euphausiids, decapods, copepods and shelled ptero-
pods are important components. The relative vertical distributions of DSL animals are 
complex and highly variable in time and space.

Vertically migrating mesopelagic organisms transfer particulate and dissolved organic 
matter from autotrophic upper waters to the heterotrophic deeper ocean (Angel, 1985; 
Angel and Pugh, 2000). At depth, vertical migrants produce faecal pellets and excrete 
metabolic products, such as carbon dioxide and dissolved organic carbon and nitrogen, 
generating the ‘mesopelagic maximum’ of organic matter often detected around 500 m, 
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the average daytime depth of most DSL (Walsh et al., 1988). Our understanding of the 
dynamics and the magnitude of the fl uxes in these processes is poor (Angel and Pugh, 
2000; Ducklow et al., 2001).

Midwater micronekton–benthopelagic interactions

Typical meso- and bathypelagic organisms enter and accumulate in the benthopelagic layer 
(‘bottom mixed’ or ‘benthic boundary’ layer) where they interact with continental and 
oceanic island slopes and the summits and slopes of seamounts and mid-oceanic ridges 
(Parin and Golovan, 1976; Golovan, 1978; Merrett, 1986; Hulley and Lutjeharms, 1989; 
Mauchline and Gordon, 1991; Reid et al., 1991; Koslow, 1996; Sutton et al., in press).

‘Mesopelagic boundary communities’ are discrete assemblages of primarily open-
ocean, deep-water organisms. They include fi shes, decapod crustaceans and cephalopods 
that otherwise live in the mesopelagic environment and are associated with insular slopes 
and seamounts between 200 and 800 m in depth (e.g., Hawaiian Islands; Reid et al., 1991; 
Benoit-Bird et al., 2001; Lammers et al., 2004). They link the oceanic and the neritic 
realms of oceanic islands and seamounts, providing a predictable food source for epipe-
lagic and demersal micronektivorous organisms. The degree of pelagic–topographic asso-
ciation appears to be site specifi c; in the Canary Islands, Meteor and Atlantis seamounts, 
e.g., the midwater assemblages on the slopes interact with the neritic and the benthope-
lagic domains, but specialized boundary communities were not detected (Bordes et al.,
1999; Pusch et al., 2004). A distinction can be made between seamount-associated and 
continental/insular slope-associated micronekton, as the latter environment is subject 
to terrestrial infl uence. However, there are many species and/or genera in common (see 
Supplementary material).

Deep-pelagic fi sh–seamount interactions

Most studies of seamount biota have been of plankton (see Genin, 2004) or larger, com-
mercially exploited nekton (see Chapter 9) with relatively few studies of deep-pelagic 
micronekton. Nevertheless, pelagic micronekton seem to aggregate over seamounts and 
may play an important role as food (Isaacs and Schwartzlose, 1965; Kashkin, 1977; 
Koslow, 1997; McClatchie and Dunford, 2003). Knowledge of the distribution patterns 
of midwater fi shes around seamounts is a prerequisite for understanding the trophic inter-
actions of these communities. Froese and Sampang (2004) report about 107 micronek-
ton species that associate with seamounts. Most were sampled at the vicinity of the Bear 
Seamount (Moore et al., 2003) or at the Nazca and Sala y Gómez submarine ridges (Parin 
et al., 1997). Midwater fi sh–seamount interactions can be categorized into four groups:

1. Non-migrant or weakly migrant midwater fauna that enter the benthopelagic zone 
around seamounts. This group includes nearly all bathypelagic fi shes as well as several 
groups of mesopelagic fi shes. They may not be able to counter strong currents and are 
laterally advected towards steep topographies (see Chapter 4). Weakly or non-migrant 
mesopelagic fi shes impinge upon the slopes of shallow, and slopes and summits of 
mid-depth seamounts. For example, at night the weakly migrant fi sh Argyropelecus 
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aculeatus is equally abundant over the slope of the Great Meteor and Atlantis 
Seamounts and at a non-seamount oceanic reference station (Pusch et al., 2004). 
Higher densities of non-migrant micronekton are found at 300–1000 m depth, and so 
they are absent from shallow seamount summits. Below 1000 m, fi sh density decreases 
with depth, though there is evidence of increased bathypelagic fi sh biomass associated 
with mid-ocean ridges (Sutton et al., in press). Bathypelagic fi shes are found on the 
deep slopes of all seamounts and the summits of deeper seamounts, but their overall 
role in seamount ecosystems is poorly known.

2. Mesopelagic fauna that migrate to the epipelagic layers at night and interact with 
seamounts during the migration process. The interaction and the accumulation of the 
main migrant DSL organisms with benthopelagic and benthic biotopes of seamounts 
were fi rst reported by Isaacs and Schwartzlose (1965). Migrant mesopelagic fi shes 
can be laterally advected over shallow topography by surface currents during the 
night, then can be trapped over the summit of shallow seamounts on their way down 
to daytime depths (see Box 5.1 and Fig. 4.7). They can also impinge the fl anks of shal-
low seamounts during any phase of the diel cycle and the summits of intermediate 
seamounts while descending to daytime depth. Seamount interactions therefore depend 
on local hydrography and the amplitude and intensity of the migration. They may also 
interact with bottom fauna during active vertical migration or passive horizontal advec-
tion (Kashkin, 1984). Maximum interactions range from epipelagic waters at night to 
about 400–600 m, but vertical migration varies geographically, seasonally and across 
many space and time scales.

  All vertical migrants in the vicinity of a seamount are subject to interaction with 
its slopes. For example, a rich diversity of meso- and bathypelagic fi shes caught near 
the fl at-topped Bear Seamount (northwest Atlantic; Moore et al., 2003) refl ects that of 
the surrounding environment. The impingement of these organisms with seamounts is 
accidental with no apparent advantage for the interzonal pelagic migrants that graze 
in epipelagic layers. Nevertheless, the phenomenon is trophically very important for 
seamount ecology. Feeding can be so intense that pelagic organisms can be depleted by 
resident benthopelagic predators, resulting eventually in a ‘daily gap formation’ over 
seamounts (see Chapter 5; Genin et al., 1988, 1994; Rogers, 1994; Pusch et al., 2004). 
Because most of the migrants are confi ned to the mesopelagic layers, this interaction is 
expected to decrease over seamounts deeper than 1000 m.

3. Adults of meso- and bathypelagic micronekton species that dwell in the benthopelagic 
zones. A considerable proportion of dragonfi sh (family Stomiidae) in ichthyologi-
cal collections worldwide were trawled in seamount and other slope resource surveys 
(Porteiro, 2005); bottom-trawled specimens were larger than those caught by pelagic 
gear (160 mm mean standard length vs 79 mm standard length). The stomiids, as well as 
larger individuals of Gonostomatidae, Myctophidae, Paralepididae and Melamphaidae, 
dwell over seamounts and other slopes below 700 m, adopting a benthopelagic life 
strategy (Gushchin and Kukuev, 1981; Kukuev, 1982, 2004; Vinnichenko, 1997a; Melo 
and Menezes, 2002). These benthopelagic adults of pelagic taxa are not a large part of 
the seamount community, but they may be important as a concentration of the larg-
est, ‘fi ttest’ individuals for reproduction, seeding the surrounding waters with the best 
of the gene pool. Then carnivores could sit and wait for food to come to them via the 
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mechanism described above, while planktivores benefi t from the high concentration of 
plankton in the near-bottom layers (Lorz et al., 1983), and not have to spend as much 
energy searching for food.

4. Members of primarily pelagic families that associate with the benthopelagic layers of 
seamounts and other abrupt topography. Some ‘pseudoceanic’ or ‘neritopelagic’ spe-
cies rsensu (Hulley and Lutjeharms, 1989; Parin et al., 1997) from primarily pelagic 
families occur near abrupt topography, but are absent or less abundant in oceanic 
waters, suggesting a resident boundary community. These species, showing strong 
ecological interactions with the near-bottom layers and resisting advection off the 
seamount, fall into two classes: migrators and non-migrators.

Non-migrators include some Sternoptychidae, Phosichthyidae, Platytroctidae and 
Alepocephalidae. The elongate sternoptychids (subfamily Maurolicinae) Argyripnus 
atlanticus, A. electronus and A. iridescens live in association with the Great Meteor 
and other seamounts south of the Azores (Badcock, 1984a; Kukuev, 2004), with the 
seamounts of the Sala y Gómez Ridge (west of Easter Island; Parin, 1992; Parin et al.,
1997) and with the Norfolk Ridge (northwest of New Zealand; Richer de Forges, 2001), 
respectively. A. electronus is endemic to the Sala y Gómez Ridge, while A. brocki, a 
member of the mesopelagic boundary community (Reid et al., 1991), is endemic to the 
Hawaiian seamount region (Harold and Lancaster, 2003). The highly speciose ster-
noptychid genus Polyipnus, reported as pseudoceanic or benthopelagic, has many rep-
resentatives that associate with seamounts (Badcock, 1984a; Borets, 1986; Harold, 
1994; Parin et al., 1997; Richer de Forges, 2001; Moore et al., 2003). The phosichthy-
ids Polymetme corythaeola, P. thaeocoryla, P. andriashevi and Yarrella blackfordi also 
belong to this group and are known to live preferentially in the continental, insular and 
seamount slopes (Badcock, 1984b; Shcherbachev et al., 1985; Parin and Borodulina, 
1990; Parin et al., 1997). P. andriashevi is thought to be endemic to the Sala y Gómez 
Ridge (Parin et al., 1997). Several bathypelagic platytroctid species are reported to asso-
ciate with seamounts and other abrupt underwater structures. Holtbyrnia anomala,
H. macrops, Normichthys operosus, Sagamichthys schnakenbecki, Maulisia mauli
and M. microlepis have been reported in association with many seamounts in the 
North Atlantic (Kukuev, 1982, 2004). S. abei has been found along the Sala y Gómez 
Ridge (Parin et al., 1997) and over the Northwestern and Hawaiian seamounts (Borets, 
1986). Some micronektonic alepocephalids that are considered to be pelagic, among 
a family of mainly benthopelagic nekton, have also been caught along seamount slopes
(e.g., Bajacalifornia megalops, Xenodermichthys copei and Photostylus pycnopterus).

The vertically migrant, seamount-associated mesopelagic fi shes include species 
thought to be endemic to certain seamount chains. These include Maurolicus rudjakovi,
Diaphus confusus, D. parini and Idiolychnus urolampus from the Nazca and Sala 
y Gómez Ridges (east central Pacifi c; Parin et al., 1997) and D. basileusi from the 
Equator Seamount (Indian Ocean; Bekker and Prut’ko, 1984), which migrate vertically 
off the bottom at night and descend to near-bottom layers during the day. Other spe-
cies seem to concentrate preferentially on seamounts but occur also elsewhere in the 
pelagic waters. Parin and Prut’ko (1985) and Parin (1986) reported a myctophid species,
D. suborbitalis, living in strong association with Equator Seamount: its abundance was 
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much higher over the seamount than off-mount, even 3–5 km away, although it occurs also 
in other regions. Sassa et al. (2002) found similarly greatly enhanced mesopelagic fi sh 
numbers and biomass over the Emperor Seamount chain (Hawaii) relative to surrounding 
waters. This was largely due to dense assemblages of the seamount-endemic sternopty-
chid M. imperiatus. In RSA and Discovery Seamounts in the South Atlantic, Kalinowski 
and Linkowski (1983) and Linkowski (1983) found aggregations of the congeneric 
M. muelleri.

Boehlert and Seki (1984) reported hydroacoustical ‘clouds’ of micronekton over 
Southeast Hancock Seamount (Hawaii); trawling revealed numbers of the sternoptychid 
M. muelleri (later known as M. imperiatus; Parin and Kobyliansky, 1996), the lophog-
astrid mysidacean Gnathophausia longispina and the cephalopod Iridoteuthis iris. These 
species remained over the seamount fl anks during day and then accumulated over the top 
to within 100 m of the surface at night to feed (Boehlert, 1988; Wilson, 1992; Boehlert 
et al., 1994; Wilson and Boehlert, 2004). They were largely absent in waters away from 
the seamount, suggesting a permanent seamount boundary community. However, the 
swarms associated with small seamounts may not be self-sustaining and may recruit juve-
niles from surrounding larger seamounts. Wilson and Boehlert (2004) showed that behav-
iour was likely responsible for swarms, as the fi sh resist advection off the seamount by 
active swimming.

The life cycles of these species appear to be tightly coupled with the hydrography of 
the seamount to minimize the risk of being lost both during larval and adult phases. They 
probably benefi t either from increased food availability or by a wider range of habitat 
diversity created by the topography and the hydrography (Wilson and Boehlert, 2004). 
This pelagic guild is considered the most specialized in terms of seamount interactions, 
though there are only few localized examples of micronekton that actively aggregate and 
migrate vertically over seamounts.

Bio-physical coupling mechanisms affecting the interactions of midwater 

pelagic micronekton with seamounts

Seamounts disrupt seawater fl ow and affect the hydrography and current patterns relative 
to adjacent open-ocean regions. Oceanic internal waves and tidal waves can be refl ected 
and amplifi ed, turbulent vertical mixing can be enhanced, localized jets can be produced, 
and eddy structures, known as Taylor columns, may form around seamounts and generate 
semi-closed circulations (see Chapter 4).

The physical mechanisms that affect the interaction of different groups of micronekton 
with seamounts are poorly understood. What is known about bio-physical coupling near 
abrupt topographies was reviewed by Genin (2004). The meso- and bathypelagic fauna 
can be horizontally advected by currents and impinge the seamount biotopes as they pass 
through the benthopelagic layers associated with the seamount (see Chapter 5). These ani-
mals probably cannot advect into water bodies over seamounts where a permanent Taylor 
cap is present (e.g., Great Meteor Seamount; Beckmann and Mohn, 2002; Kaufmann
et al., 2002). A substantial degree of isolation of the water above the Great Meteor Seamount
is thought to prevent advection of oceanic micronekton organisms towards the plateau 
of that feature (Diekmann, 2004; Pusch et al., 2004). On the other hand, organisms may 
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become physically aggregated in near-bottom layers where accelerated current (ebb and 
fl ow) past seamounts generate a Taylor column and other quasi-permanent eddy structures 
downstream.

Lateral advection of diel migrant organisms in the epipelagic layer at night over the 
seamounts summits and slopes is the basic mechanism required for the topographic trap-
ping of micronekton when descending to daytime depth (Isaacs and Schwartzlose, 1965; 
Dower and Perry, 2001). The scope of this phenomenon is related to the extent of vertical 
migration, depth of seamounts and intensity of horizontal currents (Chapter 5).

The seamount hydrographic environment signifi cantly infl uences the behaviour, dis-
tribution, recruitment and linkage of seamount-associated micronekton (groups 3 and 4) 
with the seamount (Wilson and Firing, 1992; Wilson and Boehlert, 2004). To maintain the 
association, the micronekton must actively keep position by swimming against the pre-
vailing current stream. Wilson and Boehlert (2004) reported that most of the SE Hancock 
Seamount population of Maurolicus stay associated with the seamount even if they face 
high current intensities. However, the authors observed a horizontal displacement of the 
Maurolicus ‘cloud’ to the downstream side of the summit by the end of night ‘pelagic’ 
phase. These authors suggested that retention of the seamount-associated micronekton 
organisms by the weakly defi ned Taylor columns was unlikely. Topographically steered, 
daytime swimming upfl ank towards the summit is one of the several mechanisms pro-
posed to explain the active maintenance of those populations over seamounts (Boehlert, 
1988; Benoit-Bird et al., 2001).

High variability in the topography, physiography (area, depth of the summit), degree 
of isolation, background regional oceanographic regime, location and seasonality of 
seamounts renders similarly diverse the ecological processes that determine the structure 
of local communities (reviewed by Boehlert and Genin, 1987; Rogers, 1994). The water 
depth of the summit appears to be particularly important, as it determines the composition 
of the micronekton assemblages that interact with the seamounts. Seamount-associated 
fauna eating mesopelagic food likely concentrate over the summits and fl anks of intermedi-
ate seamounts and the fl anks of shallow ones. Figure 6.1 summarizes how the different 
midwater fi sh assemblages interact with seamounts.

Trophic interactions with seamount predator fi shes

Seamounts have higher productivity compared with the surrounding open ocean (see 
Chapters 4, 5 and 7; Ehrich, 1977; Clark, 1999; Uiblein et al., 1999) and may harbour large
aggregations of benthopelagic fi shes (see Chapter 9; Boehlert and Sasaki, 1988; Rogers, 
1994; Koslow, 1996, 1997; Koslow et al., 2000) such as orange roughy (Hoplostethus
atlanticus), pelagic armourhead (Pseudopentaceros wheeleri), alfonsinos (Beryx spp.) and 
cardinal fi shes (Epigonus telescopus) (Morato et al., 2006). Three mechanisms, discussed 
in detail in Chapters 4 and 5 and outlined in Chapter 14, have been suggested to explain 
how these aggregations are supported trophodynamically (Genin, 2004).

The fi rst proposes that the high biomass of fi sh results, at least in part, from locally 
enhanced primary production and subsequent bottom-up transfer of this energy to higher 
trophic levels in seamount food chains (Uda and Ishino, 1958; Hubbs, 1959; Uchida and 
Tagami, 1984; Boehlert and Genin, 1987). Upwelling and entrainment processes associated
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(a)

(b)

(c)

Fig. 6.1 The interactions between the different guilds of deep-pelagic fi shes and seamounts of different heights: 
(a) summit entering the epipelagic layers; (b) summit entering the mesopelagic layers; and (c) summit in the 
bathypelagic layers. Horizontal arrows: non-migrant or weakly migrant meso- and bathypelagic fi shes that are 
laterally advected to the benthopelagic realm around seamounts; vertical arrows: assemblage of diel vertically 
migrating fi shes that interact with seamounts during the migration process; black arrows near seamount: adults of 
meso- and bathypelagic micronekton species that dwell in the benthopelagic zones; grey arrows near seamount: 
non-migrant micronekton fi sh species that associate preferentially with the benthopelagic layers of seamounts; 
U-shaped arrows: migrant micronekton fi sh species associated with the benthopelagic layers of seamounts that 
perform daily vertical migrations.
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with Taylor cap formation would enhance nutrients in epipelagic waters and drive 
increased primary production, detected over certain well-studied seamounts (Genin 
and Boehlert, 1985; Dower et al., 1992; Comeau et al., 1995; Odate and Furuya, 1998; 
Mouriño et al., 2001, 2005). However, it is unlikely that water could be retained around a 
seamount for a time period needed for production to work its way through the food web 
to the higher trophic level fi shes residing on the seamount. Moreover, most studies have 
failed to demonstrate persistent high chlorophyll a patches over seamounts. Thus, it is 
not surprising that evidence for enhanced primary production leading to concentrations of 
fi shes over seamounts is sparse (Rogers, 1994).

The second mechanism, termed the ‘feed-rest’ hypothesis by Genin (2004), proposes 
that fi sh aggregations are sustained by the enhanced horizontal fl ux of pelagic prey organ-
isms past the seamount (Tseytlin, 1985; Dower and Mackas, 1996; Koslow, 1997). This 
theory suggests that fi sh-rest motionless in quiescent shelters during non-feeding inter-
vals and when conditions are appropriate they emerge from shelter, feed quickly and then 
retreat back to rest. The third hypothesis suggests that seamount aggregations are main-
tained through predation on vertical migrants that are intercepted and trapped during the 
migration process (Isaacs and Schwartzlose, 1965; Genin et al., 1988, 1994; Williams and 
Koslow, 1997; Fock et al., 2002); the ‘topographic blockage’ hypothesis by Genin (2004).

Most studies on the feeding ecology of seamount fi shes accord with hypotheses 2 and 
3 that imported pelagic food supplies support the large fi sh aggregations on seamounts. 
For example, Isaacs and Schwartzlose (1965) estimated that at the 100 m isobath of Banco 
San Isidro (Baja California), the fl ux of organic carbon due to topographic trapping of 
downward-migrating micronekton was about 40 times greater than the primary production 
at the most productive regions off California. Seki and Somerton (1994) reported that the 
diet of armourheads over the summit of SE Hancock Seamount (265 m) consisted mostly 
of open-water, migrating micronekton that were advected and trapped over the seamount 
summit at night. Again, analyses of fi sh stomachs by Fock et al. (2002) indicated that the 
hypothesis 3, the topographic blockage mechanism, could explain sustained fi sh popula-
tions, their distribution and diel behaviour over the Great Meteor Seamount. The great-
est densities of zooplanktivorous fi shes were found at the edge of the seamount plateau, 
where the likelihood of encounter with demersal predators would be highest (Fock et al.,
2002). Several studies corroborate the ‘topographic blockage’ hypothesis by showing that 
maximum foraging on vertically migrating micronekton occurs in the early morning, 
when prey get trapped on their downward migration and become visible in the light, e.g., 
armourheads (Kitani and Iguchi, 1974; Seki and Somerton, 1994) and rockfi sh (Sebastes
spp.; Isaacs and Schwartzlose, 1965; Pereyra et al., 1969; Genin et al., 1988).

Other seamount-associated benthopelagic fi shes may have specifi c feeding strategies. 
The alfonsino, Beryx splendens, which feeds on midwater micronekton, actively tracks
the movements of the main DSL instead of waiting passively for prey to be advected to the
seamount. During the day, they stay near the bottom, while during night they migrate into 
the water column up to 250 m above the bottom. This behaviour was observed for Beryx
populations living at deep seamounts of the northern section of the Mid-Atlantic Ridge 
(Vinnichenko, 1997b) and the Nazca and Sala y Gómez seamounts in the eastern central 
Pacifi c (Dubochkin and Kotlyar, 1989; Parin et al., 1997). The main prey included migrant 
and non-migrant midwater fi shes such as Gonostomatidae, Sternoptychidae, Stomiidae, 



110  Seamounts: Ecology, Fisheries & Conservation

Myctophidae; crustaceans such as decapods and euphausids; and other pelagic organisms 
such as salps (Dubochkin and Kotlyar, 1989; Vinnichenko, 1997b; Dürr and González, 
2002). The cardinal fi sh, Epigonus spp., Zenopsis spp. and some gempylids show similar 
feeding behaviour (Parin et al., 1997).

A combination of feeding mechanisms may in fact be present. Tseytlin (1985) 
observed that the bottom entrapment of descending animals and the continuous horizontal 
infl ux of allocthonous micronekton and zooplankton may together provide enough food 
to maintain the commercial fi sheries on intermediate seamounts. In the Azores, Morato 
et al. (2001) reported that blackspot seabream, Pagellus bogaraveo, found on seamounts 
depend both on locally produced benthic food and on a regular supply of midwater fi sh 
that drift past.

Because the average daytime depth of the main DSL is around 500 m, aggregations of 
seamount-associated benthopelagic fi shes such as the orange roughy that live below that 
depth cannot centre their diet on migrant fauna, but rely instead on non-migrant deeper 
meso- and bathypelagic prey. Indeed, bathypelagic smelts (Bathylagidae), large myc-
tophids and stomiids were found to be the main prey of orange roughy caught between 
830 and 1500 m at seamounts off the Azores (Barcelos et al., 2005) and in the Rockall 
Trough and Porcupine Sea Bight (Mauchline and Gordon, 1984; Gordon and Duncan, 
1987). Similarly, orange roughy caught at the seamounts off New Zealand had been 
feeding on non-migrant pelagic organisms (Rosecchi et al., 1988), Australia (Bulman 
and Koslow, 1992) and Chile (Labbé and Arana, 2001). Koslow (1997) concluded that 
seamount aggregators subsist upon on meso- and bathypelagic organisms that drift past 
seamounts. Most of these studies have not found any clear pattern of daily feeding peri-
odicity, which supports the idea that a constant fl ux of laterally advected non-migrant 
pelagic fauna indeed represent the main prey of orange roughy (see Chapter 14).

Other species do seem to profi t from the high concentration of daily vertically migrat-
ing fi shes that associate with the benthopelagic layers of seamounts during the day, 
instead of open-ocean DSL pelagic organisms. For example, abundance of the myctophid
D. suborbitalis was substantially higher over Equator Seamount than off mount, as
was the abundance of predatory fi shes (Parin and Prut’ko, 1985) whose main food was
D. suborbitalis. In this trophic scenario, micronekton migrate upwards from their day-
time depths at the seamount benthopelagic layer into the epipelagic zone at night to feed, 
are laterally advected over the seamount and then become ‘topographically trapped’ dur-
ing their downward morning descent (see Box 5.1). In this manner, organisms that would 
normally be distributed in three dimensions are concentrated into two dimensions, the 
horizontal plane over the seamount, thus increasing their density to potential predators. 
Borets (1986) also reported that the mirror dory, Zenopsis nebulosa, mostly eats pearl fi sh 
Maurolicus, which performs diel vertical migrations and is associated with seamount bot-
tom layers during day.

While the specifi c mechanisms driving trophic interactions between benthopelagic 
fauna and water column fauna are not fully understood, it appears that the primary fac-
tor is the concentration of pelagic prey that is normally widely distributed. In this man-
ner, greater abundance of higher trophic level predators allows more effi cient foraging. 
Increased trophic effi ciency may work simultaneously over several trophic levels. In some 
cases (e.g., Great Meteor Seamount), higher trophic levels effectively utilize all or most of 
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the vertically migrating prey concentrated by topographic trapping, thus resulting in ‘daily 
gap formation’. In other cases (e.g., SE Hancock Seamount), predation on meso- and 
bathypelagic fi shes by seamount fauna appears to be offset by the benefi ts of increased 
prey availability, hence increasing local mesopelagic fi sh abundance. Whatever the mech-
anism, it would appear that the trophic subsidy afforded to the demersal seamount fauna 
in the form of meso- and bathypelagic fi shes, cephalopods and crustaceans is an integral 
part of the ecology of seamount ecosystems.
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Chapter 7

Seamount benthos

Sarah Samadi, Thomas Schlacher and Bertrand Richer de Forges

Abstract

Seamounts are unique habitats for the deep-sea megabenthos. Several distinctive environ-
mental conditions, such as limited spatial extent, geographic isolation, swift currents, local-
ized upwelling and circulation cells create environments favourable for the establishment 
of diverse benthic assemblages. Relatively large suspension feeders such as corals, 
sponges and crinoids, can dominate the biomass of these assemblages and form structural 
habitat for a diversity of smaller, mobile species. The benthos contains species with appar-
ently limited geographic distributions (endemics) and archaic species thought to have 
become extinct (‘living fossils’). Seamounts rise well above the ocean fl oor and thus form 
relatively shallow habitat available for bathyal species above the surrounding abyssal 
seafl oor. Growth of seamount invertebrates can be extraordinarily slow and they often have 
very long life spans. These life-history traits make the seamount benthos highly vulnerable 
to destructive bottom trawling. The prominence of suspension feeders suggests a simple 
trophic web, but in fact, benthic food webs are complex: food-chain lengths and trophic 
architecture rival other marine ecosystems in both shallow and deep settings. The geo-
graphic isolation of seamounts has frequently been likened to oceanic islands, where spe-
cies differences among seamounts can be very high. Yet, seamount populations may not 
necessarily be genetically isolated if they produce larvae capable of long-distance dispersal. 
The fauna of seamounts is poorly documented, and the structure of whole assemblages 
is known from only a limited number of seamounts worldwide, partly as a consequence 
of dwindling resources and expertise in taxonomy. Lack of basic ecological knowledge 
impedes the development of global, integrated structural and functional frameworks con-
cerning seamount benthos.

Introduction

Three factors combine to make a comprehensive global synthesis of seamount benthos 
diffi cult: (1) Seamounts occur from the tropics to the poles, resulting in a wide ambit of 
physico-chemical conditions and differences in rates of primary production and food sup-
ply to benthic consumers and since communities respond to such environmental variability, 
the benthos of seamounts is likely to be geographically diverse. (2) Seamounts cover a broad 
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depth range, including both shallow mounts that extend into the euphotic zone as well as 
mounts that lie in the bathyal and abyssal zones; as seamount benthos is strongly structured 
by depth, such wide bathymetric ranges result in a multitude of community types. (3) 
Seamounts have diverse geological histories and geological ages. Most seamounts are of 
volcanic origin with basaltic rocks, but guyots (see Chapter 1) can be common in the tropics. 
Since both substratum type and habitat age infl uence species composition, the structure of 
seamount benthos will refl ect this diversity.

Theoretically it is possible to envisage faunal surveys that encompass this diversity of 
geo-morphological types, latitudinal and depth ranges and seamount ages but the reality is 
starkly different. Of the estimated 100 000 seamounts worldwide (see Chapters 1 and 2), 
only 232 have been biologically sampled (SeamountsOnline, 2006), and for these 
very few data on invertebrates are available. In fact, much of our current knowledge 
on the seamount benthos is a by-product of fi sheries studies. A global dearth in taxonomical 
expertise and resources impedes accurate assessments of benthic diversity, with few 
surveys identifying the complete spectrum of specimens collected, so that the reported 
number of seamount species is likely to be a gross underestimate of the total. For example, 
Wilson and Kaufmann (1987) present a global inventory of the fauna collected on about 
100 seamounts that comprises 597 species, many of which are unidentifi ed. Five seamounts 
account for 72% of the species recorded (Smith and Jordan, 1988; Rogers, 1994), fur-
ther emphasizing the limited sampling range available for biodiversity assessments of 
seamounts. Several Russians cruises to the Eastern Pacifi c (Kuzneksov and Mironov, 
1981; Parin et al., 1997) yielded 192 reported species, many unidentifi ed, from 25 
seamounts. Koslow and Gowlett-Holmes (1998) list 242 invertebrate species from 14 
seamounts off Tasmania. By contrast, 730 species have been described from 18 seamounts 
in New Caledonia (Richer de Forges et al., 2000, 2005). While this is a substantially 
higher estimate of the benthic speciosity at seamounts, it is an underestimate of the true 
seamount species richness because a large part of the catch awaits taxonomic description.

Because of such limitations in published seamount data, this chapter draws mostly on 
more recent fi ndings from seamount studies in New Caledonia (south west Pacifi c) to illus-
trate several key biological aspects of seamount benthos. We highlight six fundamental 
ecological properties of the seamount benthos which are likely to be conceptually applica-
ble to other seamount systems worldwide; these include: (1) composition of the benthos; 
(2) species richness and ‘new species’; (3) geographic patterns in species composition 
(beta-diversity); (4) endemism and genetic structures of benthic invertebrate populations; 
(5) growth rates, longevity and evolutionary ages of benthic invertebrates; and (6) trophic 
organization of seamount benthos.

Composition of the benthos

Suspension feeders usually dominate the biomass of the megabenthos on seamounts. 
Currents are amplifi ed around seamounts (see Chapters 4 and 5), and this is thought to be 
the principal factor that favours suspension feeders. Taxonomic composition varies between 
seamounts: assemblages may be dominated by sponges and/or corals like stylasterids 
or gorgonians. These large suspension feeders provide important habitat for smaller, 
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mobile invertebrates, with molluscs, crustaceans and echinoderms being particularly 
species-rich amongst this vagile fauna (Tables 7.1–7.3). For example, stylasterine corals 
are well represented in the bathyal zone of New Caledonia. High species diversity has 
been found on hard bottoms south of New Caledonia island, particularly on Norfolk Ridge 
seamounts (Richer de Forges et al., 1987). About 49 species, of which 26 are new to sci-
ence, were collected here (Lindner and Cairns, Personal communication).

Table 7.1 Species richness, and the discovery of species new to science, in expeditions to the bathyal region of 
New Caledonia (Richer de Forges et al. 2005). See supplemental material for expedition details.

Higher taxon Families Genera Species New species New %

Porifera 61 135 216 142 65.7
Cnidaria 9 19 73 56 76.7
Brachiopoda 14 20 26 5 19.2
Annelida and Sipuncula 6 11 17 7 41.1
Bryozoa 57 122 206 115 55.8
Mollusca 80 245 710 461 64.9
Pycnogonida 8 23 60 37 61.7
Crustacea 98 298 691 362 52.3
Echinodermata 15 30 36 16 44.4
Tunicata 12 36 66 48 72.7
Vertebrata 109 242 414 73 17.6

Total 469 1181 2515 1322 52.5

Table 7.2 Species richness on the seamounts of Norfolk Ridge and Lord Howe Rise (Richer de Forges 
et al. 2005).

Higher taxon Families Genera Species New species New %

Porifera 18 26 34 26  76.4
Cnidaria 3 8 19 15  78.9
Brachiopoda 9 11 13 3  23
Annelida and Sipuncula 2 2 2 2 100
Bryozoa 28 44 56 36  64.2
Mollusca 43 96 201 127  63.1
Pycnogonida 4 9 13 8  61.5
Crustacea 49 118 251 163  64.9
Echinodermata 4 6 8 6  75
Tunicata 7 8 9 6  66.6
Vertebrata 54 94 124 19  15.3

Total 223 423 730 411  56.3

Only broad estimates of the distribution of benthic species richness among trophic 
guilds can be made from published species lists. Wilson and Kaufmann’s (1987) global 
compilation of benthic seamount species indicates that suspension feeders comprise about 
52%. But regional datasets provide much lower fi gures 15% in the Eastern Pacifi c from 
several Russian cruises (Kuznetsov and Mironov, 1981; Parin et al., 1997); about 27% on 
Tasmanian seamounts (Koslow and Gowlett-Holmes, 1998); about 22% on the Lord 
Howe and Norfolk Ridge in the SW Pacifi c (Fig. 7.1; Richer de Forges, Personal 
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communication). While forming the bulk of the biomass, suspension feeders may not nec-
essarily constitute the largest proportion of species in seamount benthos. Their apparent 
high biomass has, however, not been reported quantitatively for entire assemblages in the 
published literature, and their abundance is mostly based on qualitative assessments of 
catches and underwater imagery.

Table 7.3 Species richness of the fauna living on the seamounts only.

Higher taxon Families Genera Species New species New %

Porifera 6 8 8 5  62.5
Cnidaria 2 4 4 4 100
Brachiopoda 2 2 2 1  50
Annelida and Sipuncula 0 0 0 0   0
Bryozoa 22 29 35 25  71.4
Mollusca 20 39 55 44  80
Pycnogonida 2 4 5 2  40
Crustacea 22 32 42 30  71.4
Echinodermata 2 3 3 3 100
Tunicata 2 3 3 2  66.6
Vertebrata 24 35 39 9  23

Total 104 159 196 125  63.7

AB

C

Fig. 7.1 Southwest Pacifi c map showing ridges, trenches and several seamount lineaments: A: Norfolk Ridge 
seamounts; B: Lord Howe Rise seamounts; C: Tasmanian seamounts. Source: From satellite altimetric mapping 
NOAA.
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Geographic variation in species richness and composition

Several aspects of species richness and geographic variation in community composition 
are well illustrated by seamount studies in the southwest Pacifi c (Richer de Forges et al.,
2000) based on taxonomically comprehensive collections of megabenthos from three 
seamount groups: (1) Norfolk Ridge (6 seamounts, 295 samples, 516 species); (2) Lord 
Howe Ridge (4 seamounts, 35 samples, 108 species) and (3) south of Tasmania (14 
seamounts, 34 samples, 297 species).

Estimates of benthic species richness on seamounts can be strongly infl uenced by col-
lecting effort. Much of the variation in species richness between seamounts in the Coral 
Sea can be explained by differences in sampling effort (Fig. 7.2). Species richness of 
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Tasmanian seamounts appears to be higher, but it is unclear whether this is due to more 
speciose assemblages, is an artefact of aggregating samples over several seamounts, or 
results from a positive bias from sampling over a greater depth range.

On SW Pacifi c seamounts, community composition differed signifi cantly between two 
ridge systems at similar latitudes separated by about 1000 km (Fig. 7.3; Richer de Forges 
et al., 2000). Over larger spatial scales (�3000 km) corresponding to a 20° difference in 
latitude, a completely different set of species was observed between deeper Tasmanian 
seamounts and the shallower seamounts near New Caledonia: indeed, just four benthic 
invertebrate species from Tasmanian seamounts are known from the seafl oor around New 
Caledonia.
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Fig. 7.3 Relationships between the seamounts, distant from each other only by 10 km, and the community coef-
fi cient (C) between seamount sites (solid diamond), hydrothermal vents sites from the Eastern Pacifi c Rise in the 
North and South Pacifi c and Galapagos Rift (open circles), and vent sites from disconnected ridges in the north-
east Pacifi c at 41–49° N (crossed circles). Source: After Richer de Forges et al. (2000).

The isolation of seamount faunas between the southern and northern Tasman Sea con-
trasts markedly with the generally strong affi nity displayed by the soft-sediment slope 
fauna between these two regions. This limited dispersal of seamount species is due to the 
generally small size of seamounts, the considerable distance between them and their unique 
oceanographic environment (see Chapter 14; Johannesson, 1988; Parker and Tunnicliffe, 
1994; Richer de Forges, 2001). Seamounts situated in clusters or along ridge systems may 
also function as ‘island groups’ or ‘chains’ (see Chapters 1 and 4) leading to observed 
localized species distributions that could encourage speciation between localities.

Endemism

A frequently cited trait of seamount biota is the high level of endemism. Wilson and 
Kaufmann (1987) estimated that 12–22% of fi shes and 15–36% of invertebrates are 
endemic to seamounts. Accordingly, in the SW Pacifi c, 36% of species from the Norfolk 
Ridge seamounts were new to science and not known from sampling of the open seafl oor, 
and are therefore potential endemic species, along with 31% of species from the Lord Howe 
seamounts and 16–33% of species from Tasmanian seamounts (Richer de Forges et al.,



 Seamount benthos  125

2000). Similarly, 17 new genera were obtained from the Norfolk Ridge samples, 4 from 
the Lord Howe Ridge and 7–8 from Tasmanian samples (Richer de Forges et al., 2000). 
Some species appear to be relicts of groups earlier believed to have become extinct in the 
Mesozoic (Amèziane-Cominardi et al., 1987; Laurin, 1992; Vacelet et al., 1992).

These fi gures suggest that the level of endemism may be appreciable on seamounts. 
However, there are few comprehensive assessments of endemism rates available for other 
marine habitats, and it is thus diffi cult to judge. The spatial scale over which endemism is 
defi ned and reported is a further complication. Essentially, endemism is defi ned as ‘limited 
geographic range size’ of a species, but what this means depends on the spatial scale over 
which it is defi ned. At the smallest scale, it can represent a single site on a seamount, a sin-
gle seamount, seamounts on a single ridge system and seamounts in sub-ocean basins or 
whole ocean basins. There are also no unambiguous biological criteria for an ecologically 
meaningful scale over which endemism is measured, save perhaps for populations show-
ing clear genetic isolation. Hence endemism always needs to be qualifi ed by the spatial 
scale to which it refers.

The rate at which new species were discovered during the exploration of New Caledonia 
seamounts was high and constant, so we may have overestimated endemism. In their study 
of the species richness of molluscs in shallow waters off New Caledonia, Bouchet et al.
(2002) demonstrate that the true number of species was underestimated in the tropical 
Indo-Pacifi c. This conclusion could be extrapolated to other ocean habitats.

Among the organisms found on the seamounts of the Norfolk Ridge, squat lob-
sters (Galatheidae) are very diverse (e.g., Macpherson and Machordom, 2005). In New 
Caledonia, many species of galatheids have been described from seamounts, but none is 
endemic to them or to the local ridge of seamounts (Samadi et al., 2006), and, indeed, all 
species are also found on nearby island slopes. However, species richness is lower along 
the continental slope than in any seamount along the Norfolk Ridge (see supplemental 
information at www.seamountsbook.info) suggesting that the Norfolk seamounts is a diver-
sity hotspot for the family Galatheidae, but not an area of endemism. Other studies have 
also suggested that seamounts, like other prominent topographic features such as reef 
islands or shelf breaks, are biodiversity hotspots (see for example Worm et al. (2003) for 
vertebrate predators and Heinz et al. (2004) for foraminifera). However, our results 
suggest that while squat lobsters do not exhibit elevated rates of endemism, seamounts are 
highly productive zones where many species occur at high abundance. This fi nding is in 
accordance with the suggestion that high productivity is a prominent ecological feature of 
seamounts (see Chapters 5 and 14; Fock et al., 2002; Genin, 2004).

Variability of species richness with depth

On the shallowest seamounts, stalked crinoids (Metacrinus levii) are found at a depth of 
250–300 m, together with dense assemblages of lithistid sponges and stylasterid corals. On 
the upper parts of these seamounts species richness and biomass are high. Here, sessile 
suspension feeders dominate the communities and a species-rich assemblages of mobile 
invertebrates such as crustaceans, molluscs, echinoderms and sometimes brachiopods 
are present (Richer de Forges et al., 2005).
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On the northern part of the Norfolk Ridge, the seamounts are guyots (Fig. 7.4) with fl at 
summits between 230 and 720 m deep. There are few marine geological studies on these 
features in the SW Pacifi c (see Van de Beuque, 1999; Veevers, 2000, 2001), but consider-
ing their shape and limestone caps, the summits of these seamounts were historically close 
to or above the sea surface. The bottom of the deeper (�720 m) seamounts is covered with 
polymetallic crust, with Fe–Mn layers ranging in thickness from a few millimetres to sev-
eral centimetres, engulfi ng other dead objects on the seafl oor such as fi sh otoliths and whale 
bones (see Chapter 1). The rate of deposition of these crusts is estimated to be 1–5 mm 
year on Hawaiian seamounts (Verlaan, 1992). Where the seafl oor is totally covered 
by manganese crusts, few invertebrates are able to settle, except for sparse gorgonians, 
sponges and stalked crinoids (Grigg et al., 1987).
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Seamounts with a summit around 300–600 m host communities of sponges (lithistids 
and hexactinellids) and stylasterid corals. Species replacement rates in sponges increase 
with increasing depth separation of sites irrespective of their geographic distance and 
biological richness declines with depth across several taxonomic levels from species and 
genera to families; there were between 6 and 47 species of sponges per seamount. Depth 
appears to be the dominant factor in controlling community composition (Schlacher-
Hoenlinger et al., 2005).

‘Living fossils’: sponges, crinoids, brachiopods

Several archaic species or ‘living fossils’ have been discovered on seamounts (Lévi, 
1991; Vacelet et al., 1992; Kelly, 2000) especially in New Caledonia, where sampling of 
seamounts is much higher than anywhere else. A new species of Glypheid has recently 
been described from a seamount of the Coral Sea (Richer de Forges, 2006). Here we 
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briefl y review the principal groups for which archaic forms have been described from 
seamounts.

Sponges

Sponges are especially species-rich on shallow seamounts 200–700 m deep (Bouchet and 
Metivier, 1982; Lévi, 1991). Sixty-one families with 135 genera and 216 species have 
been recorded in New Caledonia of which 142 species were new (Table 7.1). This sponge 
fauna, practically unknown before 1977, was principally studied by Lévi (1991, 1993). Its 
key attributes include: (a) a high species diversity and a change in species at 700 m depth; 
(b) lithistids and tetractinellids dominate on the upper parts of seamounts; (c) two-thirds 
of species were new and thus potential endemics, while several genera were previously 
unknown from the Pacifi c Ocean; (d) the high diversity of lithistids is comparable only 
with the fossils from the Cretaceous in Europe. The sponge fauna has strong affi nities 
with Mesozoic fauna, could be derived from the Tethysian mesogea (Lévi, 1991), and may 
therefore be considered a ‘refuge habitat’ for relic fauna such as lithistids that appear to be 
restricted to caves, continental margins and seamounts (Richer de Forges, 2001). Several 
relic genera from the Norfolk Ridge seamounts, Neopelta, Aulaxinia, Neosiphonia and 
Reidispongia are also known from the northern part of New Zealand (Kelly, 2000).

Crinoids

Numerous species of crinoids have been described from the bathyal zone of New Caledonia. 
Stalked crinoids comprise 9 families, 14 genera and 15 species, with 2 new genera and 
8 new species. A large proportion of crinoids is considered to be ‘living fossils’, with 
affi nities to the Jurassic and Cretaceous fauna from the mesogean Tethys Sea (Amèziane-
Cominardi et al., 1987, 1990; Bourseau et al., 1991). The description of this crinoid fauna 
has totally modifi ed the knowledge of this group for the Indo-Pacifi c (Bourseau et al.,
1991). Fourteen genera are represented (Metacrinus, Saracrinus, Diplocrinus, Proisocrinus,
Caledonicrinus, Porphyrocrinus, Naumachocrinus, Bathycrinus, Gymnocrinus, Holopus,
Proeudesicrinus, Thalassocrinus, Hyocrinus, Guillecrinus) and eight species were new. The 
majority of crinoid genera are true ‘living fossils’ since they appeared in the fossil record 
before the great cretaceous ‘crisis’ (Lawton and May, 1995). Spectacular examples of these 
old forms include two species (Gymnocrinus richeri and Holopus alidis) from the very 
archaic Hemicrinidae (Fig. 7.5), which have a short and strongly calcifi ed stalk, an adap-
tation to the strong currents on seamounts (Hess et al., 1999). Cohen et al. (2004) pro-
posed a new molecular phylogeny of this group based mainly on material collected from 
seamounts.

Brachiopods

Laurin (1997) recorded 14 families of Brachiopods, including 19 genera and 26 species of 
which 4 were new, from the bathyal zone of New Caledonia, mainly from the seamounts: 
a new genus and a species, Neoancistrocrania norfolki, was similar to Cretaceous species 
(Cohen et al., 1998; Laurin, 1992).
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Long-lived animals: sponges, octocorals, crinoids

Deep-sea animals have adapted their growth in response to the environmental conditions 
of darkness, low temperatures and low food availability. The age of individuals can be 
determined from skeletal material. Here we discuss estimates of growth and age for some 
benthic invertebrates from seamounts.

Growth of a calcareous sponge (Vaceletia sp.) collected from seamounts was deter-
mined at 11 mm per century (Vacelet et al., 1991). Most demosponges contain distinct 
internal silicious skeletal material, with some species producing extraordinary long 
glass spicules (Beaulieu, 2001). A specimen of the genus Monoraphis collected from the 
seamounts was estimated to be 440 years old based on an analysis of growth rings in its 
3.4 m long spicule (Ellwood and Kelly, 2003). 14C-dating of a 12 cm high stalked crinoid 
(Gymnocrinus richeri) indicates an age of 340 years (Richer de Forges et al., 2004). 
Gorgonians from the family Isididae, can live over 300 years on New Caledonian sea-
mounts and the age of larger colonies in New Zealand can be 500 years or more. The 
Isididae are characterized by their axis, which is composed of alternating nodes and inter-
nodes, the nodes consisting of horn and the internodes of massive crystalline calcareous 
substance (Noé and Dullo, 2006). Most species inhabit deep water. The axis of the gor-
gonians shows rings in cross-section (Fig. 7.6) and it is possible to use these sections to 
correlate the age and the variation of the rate Mg/Ca depending on water temperature. 
Surprisingly, in several samples from the Norfolk Ridge collected from depths of 500 m, a 
drop of temperature of about 2ºC over 200 years was observed (Richer de Forges, 2001). 
In New Zealand, giant bubblegum gorgonians trees (Paragorgia arborea) were trawled on 
seamounts at the beginning of the orange roughy fi sheries (see Chapter 19), and their age 
is estimated at 300–500 years (Tracey et al., 2003). These slow-growing organisms are 

(a) (b)

Fig. 7.5 Examples of relic fauna from seamounts: (a) Gymnocrinus richeri, from Stylaster seamount, 500 m and 
(b) Caledonicrinus vaubani, from Antigonia seamount, 300 m.
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very long lived, perhaps rivalling some of the well-known forest stands of ancient trees. 
More recently, preliminary studies using metal isotopes tracers have used the skeletons of 
deep-sea species as palaeo-environmental indicators (Ellwood and Kelly, 2003).
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Fig. 7.6 Temperature measurement of three isidid gorgonians samples from Norfolk Ridge seamounts: (a) graphic 
with, on the left Mg/Ca (molar), on the right water temperature with the scale of 1ºC on the graph and (b) cross-
section of Isidid gorgonian showing the groth rings and the radial samples series. Source: After Richer de Forges 
(2001), modifi ed by T. Corrège.

Environmental drivers of benthic diversity on seamounts

Data suggest that seamounts can be hotspots of biodiversity, but several of the reported key 
traits such as high endemism, archaism, slow growth rates and longevity may be an artefact 
of the greater sampling effort devoted to seamounts compared to other deep-sea habitats. 
However, the environmental factors that characterize seamounts may infl uence evolu-
tionary and ecological processes leading to observed patterns of benthic diversity. Here we 
review these environmental factors and discuss how hypotheses about the origins seamount 
biodiversity may be tested.

Island effects

Seamounts differ from most other marine habitats by being spatially distinct and, argu-
ably, isolated, topographic features. Most marine environments are relatively homogenous 
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and contiguous over large geographic scales, but seamounts generally occupy smaller and 
clearly defi ned areas. This geographic isolation evokes an analogy with terrestrial islands, 
and so seamounts have been viewed as isolated habitats with populations essentially 
stranded on them. The endemism and species richness in the terrestrial biota of oceanic 
islands are often explained by an acceleration of evolutionary processes due to physical 
barriers, fragmenting species into small isolated populations (Barton, 1998). However, 
the crucial difference is that seamounts are surrounded by water and most marine orga-
nisms can swim at one stage of their life cycle. It has, however, been suggested that the 
dispersion of benthic organisms during the pelagic stages of their life cycle is limited over 
seamounts by the hydrological phenomenon of Taylor caps (see Chapters 4 and 5; Roden, 
1987). Indeed, it has been shown that in some cases the interaction between water circu-
lation and topography promotes larval retention and aggregation (Boehlert and Mundy, 
1993; Rogers, 1994; Mullineaux and Mills, 1997). Following this hypothesis, Mullineaux 
and Mills (1997) and Richer de Forges et al. (2000) suggested that this isolation could 
lead to a reduction in gene fl ow. Assessing the genetic structure of populations from dif-
ferent seamounts could test this hypothesis.

Resource availability and biomass

Seamounts often support sizeable fi sh stocks and are thus attractive fi shing grounds. 
It is not always clear what mechanisms support the large fi sh stocks associated with 
seamounts, but some authors have proposed that seamounts are habitats of enhanced 
trophic subsidy (see Chapters 3 and 4). Several authors have suggested that the interaction 
between prominent topographic features and water masses increases turbulence and mix-
ing, and enhances local biomass production by moving nutrients up into the euphotic zone 
(Fock et al., 2002; Worm et al., 2003; Genin, 2004). Enhanced biomass of fi lter feeders 
and other consumers should mirror any local concentration of seamount productivity. 
Indeed, our observations of benthic catches from the New Caledonian seamounts and nearby 
island slope indicate that the biomass of megabenthos, especially that of fi lter feeders, 
appears to be greater on seamounts. These observations of enhanced benthic biomass on 
seamounts have yet to be put to a quantitative test.

Consequences for life-history traits

Dispersal. If seamounts are isolated by physical barriers preventing larval dispersal, then 
gene fl ow should be reduced among populations, and swimming larvae should not confer 
an adaptive advantage. Thus, if the island hypothesis is correct, populations on seamounts 
should be genetically isolated and the proportion of species lacking larval dispersal should 
be greater than in other comparable environments.

Longevity. Some seamount species have particularly great longevity, and it is possi-
ble that environmental conditions and food on seamounts are relatively stable over long 
periods to permit such longevity. It has also been suggested that the longevity of benthic 
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organisms could be an adaptive solution to high variability of reproductive success (Flowers 
et al., 2002). Neither of these hypotheses are particularly easy to test, as alternative expla-
nations easily suggest themselves.

Gene fl ow and larval strategies

Genetic studies, of which there are few, permit evaluation of the isolation of seamount pop-
ulations. Most studies concern fi shes (Creasey and Rogers, 1999), many of which indicate 
isolation of populations at a local scale. For example, Aboim et al. (2005) demonstrated 
that populations of the benthopelagic fi sh Helicolenus dactylopterus were not isolated 
from one seamount to another, nor from the closest continental slope; genetic isolation 
among populations was found only at larger oceanic scales. The few genetic studies of 
benthic organisms from seamounts suggest the same pattern (e.g., Smith et al., 2004). 
These results are comparable to the genetics of other isolated deep-sea habitats such 
as hydrothermal vents or cold seeps. Among vent organisms, bivalves from the genus 
Bathymodiolus disperse between very distant sites (Won et al., 2003), and even between 
hydrothermal and cold-seep sites (Miyazaki et al., 2004). Thus although these environ-
ments are markedly fragmented, species associated with these environments can be highly 
dispersive.

On seamounts, it seems that population fragmentation and restricted gene fl ow occur 
only for species with limited larval dispersal. Samadi et al. (2006) used benthic organisms 
from seamounts of the Norfolk Ridge to test whether physical and population fragmentation 
has encouraged high rates of speciation. If there is no larval retention, we would 
expect only species with poorly dispersive larvae to exhibit high genetic diversity. This 
was confi rmed by two gastropod species that have contrasting larval dispersal strategies, 
inferred from the examination of the protoconch, and which allowed us to differentiate 
between the effects of their dispersal abilities and those of physical fragmentation result-
ing from hydrological phenomena. The non-planktotrophic species (Nassaria problemat-
ica) was highly structured, whereas the planktotrophic species Sassia remensa, was not. 
Similarly, fi ve squat lobster species with dispersive larvae were genetically similar among 
populations on seamounts and the adjacent island slope. These results parallel deep-sea 
bamboo corals (Smith et al., 2004) among which taxonomists had traditionally sug-
gested a high rate of endemism on seamounts, and low gene fl ow among distant popula-
tions. A genetic survey confi rmed that specifi c diversity is high, but showed that bamboo 
coral species are not endemic to seamounts and that distant populations are genetically 
interconnected.

Other studies on Atlantic seamounts revealed the same trends. In the North Atlantic, 
Gofas (2000) examining Fasciolariidae species, and Dijkstra and Gofas (2004) study-
ing Pectinoidea species, found no seamount-to-seamount endemism, even between 
seamounts separated as much as 100 km. These results obtained for both planktotrophic 
and non-planktotrophic species, suggesting that seamounts are not highly isolated patches 
of habitat. Moreover, when comparing mollusc faunas from North Atlantic and Azores 
seamounts to the European mainland, planktotrophic development appears overrepre-
sented (Gofas and Beu, 2002).
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Overall, the few available studies suggest that, contrary to the island hypothesis, the 
hydrological phenomena associated with seamounts are not strong physical barriers and 
that populations of many organisms populations living on seamounts are genetically inter-
connected. However, this may not apply to all benthic seamount fauna, and should be 
regarded with caution because there are few data about the larval strategies of many deep-
sea species. At Cobb Seamount (Parker and Tunnicliffe, 1994), a large portion of the 117 
benthic species do not produce planktonic larva and only 6.8% have a long pelagic larval 
dispersal, observations supporting the island hypothesis. 

Trophic architecture of seamount invertebrate benthos

Seamounts are commonly regarded as habitats where consumers proliferate in the other-
wise food-poor environment of the deep ocean (Richer de Forges et al., 2000). Amplifi ed 
currents over seamounts enhance the growth of resident animals by augmenting the fl ux of 
suspended food (Genin, 2004). Hydrological processes that trap material over and around 
mounts can also locally enhance food resources (see Chapter 5; Rogers, 1994). One 
consequence of the increased supply of particles to these topographically abrupt habi-
tats is that suspension feeders, such as corals and sponges, dominate the seamount mega-
benthos (Genin et al., 1986; Wilson and Kaufmann, 1987).

This dominance of suspension feeders on seamounts (Genin et al., 1986) suggests that 
benthic food webs of seamount may be simple. Because fi lter feeding is the chief trophic 
mode, most species would feed at low trophic levels and consume similar resources. 
The trophic architecture of the consumer guild is thus predicted to have low complexity, 
resulting in short food chains. However, recent trophic studies on New Caledonian 
seamounts have tested the hypothesis that food-chain length in seamount benthos is 
shorter than in other aquatic systems.

Food-chain length was determined with stable nitrogen isotope ratios (δ15N) measured 
in the tissues of a wide range of benthic invertebrate groups and some small fi shes obtained 
as bycatch collected from several seamounts on the Norfolk Ridge. δ15N is routinely used 
to determine the trophic position of consumers in food webs (Post, 2002) because δ15N
values are shifted by 3–4‰ towards more positive values during each trophic transfer 
(Minagawa and Wada, 1984). Thus, isotopic enrichment from prey to predator can be used 
to map the trophic level of consumers (Post et al., 2000). Results show that food chains in 
seamount benthos are not short (Fig. 7.7), and the food web was not compressed to fi lter-
feeding organisms that all feed at a similar trophic position (Fig. 7.7). In fact, the benthic 
food web on seamounts has a diverse trophic architecture with food-chain length broadly 
comparable to other aquatic systems, both shallow and deep (Table 7.4). Compared with 
other aquatic food webs, food-chain lengths in seamount benthos lie towards the upper 
end of reported values (Table 7.4). For non-seamount deep-sea food webs, measurements 
of maximum trophic position (MTP) range from 3.5 to 3.8 for the benthos of the 
Porcupine Abyssal Plain (Iken et al., 2001), 4.6 in the Arctic Canada Basin (Iken et al.,
2005), to 4.5 in Astoria Canyon (Bosley et al., 2004). Thus, food chains in the seamount 
invertebrate benthos – hypothesized to be shorter due to the dominance of suspen-
sion feeders – are in fact broadly similar in length to other deep-sea food webs. There 
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Table 7.4 Comparison of food-chain length (measured as MTP sensu Post (2002) based on stable nitrogen iso-
topes) in aquatic food webs.

Source Locality Depth MTP

Romanuk and Levings (2005) Beaches, British Columbia 1 m �4.2–4.5
Schlacher (unpublished)  Subtropical estuaries (Australia) �10 m 3.8–4.0
Post et al. (2000) Freshwater lakes (n	25), N-America �50 m 3.6–5.5
Jennings and Warr (2003) North- and Irish Seas, English Channel 20–105 m 4.2–4.5
Le Loc’h and Hily (2005) Bay of Biscay 95–120 m 3.6–4
Davenport and Bax (2002) Continental Shelf, SE-Australia 20–250 m 3–3.8
Bosley et al. (2004) Astoria Canyon, Oregon (USA) 89–549 m 3.9–4.5
This study Seamounts Norfolk Ridge 200–900 m 4–5
Polunin et al. (2001) Balearic Island Slope 200–1800 m 4.4
Iken et al. (2005) Arctic, Canada Basin 625–3398 m 4.6
Iken et al. (2001) Porcupine Abyssal Plain 4840 m 3.5–3.8
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Fig. 7.7 Nitrogen isotope signature (δ15N) of the benthos on seamounts of the Norfolk Ridge. Isotope data from 
the seamounts are depicted as box and whisker plots (boxes: median plus 1st and 3rd quartile, whiskers: minimum 
and maximum values). Values for particulate organic nitrogen (PON) in sediment traps are from the literature 
(Altabet et al., 1991, 1999; Altabet, 2001; Altabet and Francois, 2001; Lourey et al., 2003). Calculation of trophic 
position is according to Post (2002): λ � (δ15Norganism 
 δ15Nbase of food web)/Δn, where λ is the trophic position of 
the organism used to estimate the ‘baseline’ of the food web (e.g., Δ	2 for primary consumers), and �n is the 
enrichment per trophic transfer. We used a mean trophic fraction factor of 3.4 (Post, 2002), �95% confi dence 
limits of 0.26, depicted as dotted lines. We took primary consumers as the ‘baseline’ and this was calculated as the 
median of the fi rst decile of all �15N measurements in the data set (it corresponds very well with an enrichment of 
3–4 ppt from deep, particulate nitrogen to primary consumers).
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also appears to be little separation in terms of MTP between food-chain length on seamounts 
and shallow marine food webs (MTP: 3.8–4.5, Table 7.4) or even freshwater systems 
(MTP: 3.6–5.5; Post et al., 2000). Our measurement of 4–5 trophic levels within the ben-
thic consumer guild excludes larger predatory fi sh that may prey on the benthos. Thus, 
if bentho-pelagic predators were included in this type of analysis, the actual food-chain 
length of the seamount benthos may even be longer (Fig. 7.7).

Implications for conservation 

Although the global status of seamount ecosystems remains underdocumented, several 
key biological traits of the benthos have important consequence to protect these systems. 
Seamount communities are highly vulnerable to the impacts of fi shing because of (a) 
their limited habitat; (b) the extreme longevity of many species; (c) apparently limited 
recruitment between seamounts and (d) the highly localized distribution of many species. 
All of these factors combine to make seamounts highly vulnerable to human pressures. 
Bottom trawling is well known to be highly destructive activity on seamounts that sweeps 
away the benthic epifaunal community as ‘bycatch’ (see Chapter 19; Probert et al., 1997; 
Koslow et al., 2001; Batson, 2003). Although the negative impacts of bottom trawl-
ing on seamount biota are widely publicized, the practice continues throughout most of 
the world’s oceans despite continuing efforts to highlight this issue (see Chapter 20; 
Willison et al., 2001; Hall-Spencer et al., 2002; Olu-LeRoy, 2004). Ironically, fi sh stocks 
may in part be dependent on the ecological condition of the seamount habitats, and rates 
of recovery are unknown for the seamount benthos following trawling impacts. Thus, 
temporary fi shing closures may not be effi cient in achieving long-term protection of 
seamounts, which rather requires the establishment and enforcement of permanent protec-
tion zones.

If the level of endemism on seamounts is as high as frequently reported or predicted, 
then the need for conservation of these habitats becomes critical. The highly localized 
distribution of many benthic seamount species increases the threat of possible extinctions, 
and as such may require that conservation measures of seamounts are designed and imple-
mented on a local scale. Seamounts are also frequently referred to as highly productive 
and heterogeneous habitats, similar to rain forests or coral reefs. As such, they are pre-
dicted to accommodate large populations of many species and become target areas for 
protecting highly biodiverse areas (sensu Roberts, 2002). In theory, planning and imple-
mentation of conservation strategies for seamounts appear more readily achievable, at 
least from a spatial perspective, due to their geographically clearly defi ned nature.

Conclusions

Seamounts are unique habitats characterized by abrupt topographies, limited spatial extent, 
swift currents and hydrodynamic processes that can produce localized upwelling and 
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circulation cells. These environmental conditions are mirrored in a benthic biomass dominated 
by large suspension feeders that provide structural habitat for a great diversity of the 
smaller, mobile fauna. These diverse benthic assemblages contain species of limited 
geographic distribution (endemics) and species with ancient lineages or previously 
believed to have become extinct (‘living fossils’). As a prominent seascape element that 
frequently rises well above the ocean fl oor, seamounts provide relatively shallow habitats 
for bathyal organisms amidst their abyssal surroundings. Invertebrates on seamounts tend 
to be slow-growing and long-lived, a life-history trait that makes them particularly vulner-
able to human impacts such as bottom trawling. Although suspension feeders dominate 
the megabenthos, food webs are not simple and can rival other shallow and deep eco-
systems in food-chain length and trophic architecture. While seamounts have frequently 
been likened to oceanic islands, their populations may not necessarily be genetically 
isolated if they produce larva capable of long-distance dispersal. Seamounts can also 
serve as ‘natural laboratories’ to test ecological theories like island biogeography in the 
marine realm.

Given the unique characteristics of seamounts and the diverse assemblages they support, 
it is surprising that the fauna remains poorly documented on a global scale. Whole assem-
blages are known only from a few seamounts worldwide, partly as a result of dwindling 
taxonomic resources. This lack of basic ecological knowledge currently constraints the 
development of more comprehensive models about the structure and function of the 
benthos, which would be conceptually applicable worldwide.
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Chapter 8

Corals on seamounts

Alex D. Rogers, Amy Baco, Huw Griffi ths, Thomas Hart and Jason M. 
Hall-Spencer

Abstract

Corals are amongst the most conspicuous sessile organisms found on the hard substrates 
of seamounts. They include a diverse array of groups within the phylum Cnidaria, includ-
ing the Scleractinia (stony corals), Antipatharia (black corals), Zoanthidea (zoanthids), 
Octocorallia (gorgonians, sea fans, soft corals) and Stylasteridae (hydrocorals). Estimating 
global coral diversity on seamounts is complicated by a lack of samples. However, they 
are an important component of the species diversity found on seamounts, playing a pivotal 
role in structuring the environment. In particular, some scleractinian corals have the abil-
ity to form cold-water reefs that may have a diverse community of associated organisms. 
Gorgonian corals may form dense stands that also play a structural role in communities of 
fi sh and other organisms. Corals found on seamounts show a diverse range of life histor-
ies although patterns of recruitment to populations are not understood. Isotopic methods 
for ageing corals have revealed that individual colonies may be slow growing and can live 
for hundreds to thousands of years. The distribution of corals on seamounts depends on a 
variety of physical and biological factors. Relative distribution of the coral groups differs 
regionally and between oceans, refl ecting differences in ocean chemistry, productivity and 
biogeography. The different coral groups also show signifi cant differences in depth of occur-
rence resulting from differences in trophic ecology and other aspects of biology. Because 
of their fragility, conservative life histories and limited geographic distribution, cold-water 
corals are vulnerable to the impacts of human exploitation through coral harvesting or as 
bycatch of fi shing, especially trawling. Changes in ocean chemistry resulting from climate 
change are also a signifi cant threat to corals on seamounts and other marine habitats.

Introduction

Corals are conspicuous, long-lived residents of seamounts of great interest to marine biolo-
gists and conservationists because of the ability of some species to form cold-water reefs. 
These reefs may be associated with diverse communities of other species that live in the 
variety of habitats formed by the living and dead framework-building coral (e.g., Freiwald 
et al., 2002). However, the number of coral species that form such complex reef struc-
tures is relatively small (Roberts et al., 2006). Many species occur as solitary colonies,
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are themselves associated with other corals, or may enhance habitat complexity in other 
ways, for example by forming coral meadows, forests or beds (e.g., Brodeur, 2001). This
chapter reviews the current knowledge of the ecology and distribution of corals on 
seamounts, ridges and banks of the world’s oceans. This is achieved through review of 
existing studies on the biology and ecology of corals on seamounts and by the analysis 
of 3215 records of corals available in scientifi c literature, museum records and databases. 
In this analysis, we have used a broad defi nition of seamounts (see Preface) as there is no 
‘typical’ seamount feature, and they differ markedly in size, depth, elevation, geological 
associations, origin, distance to the continental slope and oceanographic setting (Rowden 
et al., 2005; Chapters 1 and 2). Thus, we have included everything from shallow banks, 
associated with the slope of the continental margins and oceanic islands, to isolated oce-
anic seamounts. All records used in this analysis are available on Seamounts Online.

Diversity and ecology of corals on seamounts, ridges and banks

Diversity

Corals are all from the phylum Cnidaria. Those that occur on seamounts are mainly 
from the class Anthozoa and include the hexacorals of the orders Scleractinia (stony cor-
als), Antipatharia (black corals) and Zoanthidea (zoanthids); and the Octocorallia (gor-
gonians or ‘sea fans’). The class Hydrozoa, or hydrocorals, is represented by the family 
Stylasteridae. Out of the 526 species of corals recorded on seamounts and banks, stony 
corals are the most diverse and commonly observed group (Table 8.1). This is followed by 
the octocorals, the stylasterids, the antipatharians and the zoanthids in order of diversity 
and number of records (Table 8.1). Even when records are considered only from oceanic 

Table 8.1 Number of species, genera and families of corals (Scleractinia, Octocorallia, 
Antipatharia, Zoanthidea, Stylasterida) recorded on seamounts and banks and seamounts only 
(in parentheses).

Taxonomic category/ Total number of  Number of  Number of  Number of
taxon records species genera families

Scleractinia 1713 249 (165) 85 (61) 20 (14)
Octocorallia  957 161 (110) 68 (49) 21 (17)
Antipatharia  157  34 (24) 22 (17)  6 (6)
Zoanthidea   28  14 (2)  6 (2)  3 (2)
Stylasteridae  372  68 (53) 18 (17)  2 (2)

seamounts, excluding banks connected to the slopes of continents and islands, there are 
still 354 species recorded. Comparisons with records held in ‘Seamounts Online’ show 
that more species of corals (Cnidaria) have been recorded from seamounts than any 
other group of invertebrates (Stocks, 2004). The species diversity of corals on seamounts 
and banks is similar to that of fi shes found on seamounts, although the latter represent 
a larger number of families (130 in fi sh; Froese and Sampang, 2004). The species rich-
ness of corals on seamounts shows that the megafauna of these habitats are predominately 
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sessile, fi lter-feeding organisms (Rogers, 1994; Stocks, 2004). This is because of the 
nature of seabed and the vigorous hydrodynamic regime on seamounts compared to most 
other deep-sea habitats (see Chapters 4 and 7).

Approximately 1482 species of scleractinian corals have been described of which more 
than half (about 800) are associated with shallow tropical reefs (Paulay, 1996), and about
706 are azooxanthellate, which lack symbiotic algae (S.D. Cairns, Smithsonian Institution, 
Personal communication, 2005). Of the azooxanthellate species, about 615 have been 
recorded from depths greater than 50 m. Seamounts and banks therefore potentially host 
a substantial fraction of the global scleractinian fauna and a very large fraction of azoox-
anthellate species. Many of the zooxanthellate species, genera and even families, common
on shallow-water reefs (Paulay, 1996), are eliminated from the seamount fauna if island 
and continental slope-associated banks are excluded from this dataset (e.g., families 
Acroporidae, Meandrinidae Mussidae; genus Agaricia). This is because many of these 
topographic features have shallow summits, suitable for formation of warm-water reefs.

Over 2700 species of octocorals have been described (Freiwald et al., 2004) of which 
about 6% have been recorded from seamounts and banks. This does not refl ect the 
importance of this group either in terms of species diversity or of abundance as compo-
nents of the seamount fauna. The antipatharians and zoanthids are less well known. The 
Zoanthidea in particular are poorly represented in this dataset. This is because the taxon-
omy of these groups is very poorly understood and many zoanthids species are very small 
and diffi cult to observe or sample.

Factors determining the distribution of corals on seamounts

Seamounts act as biological hotspots in the oceans and often attract a high abundance and 
diversity of large predators such as sharks, tuna, billfi sh, turtles, seabirds and marine mam-
mals (Chapter 12; Worm et al., 2003; Dower and Brodeur, 2004; Yen et al., 2004; Tynan 
et al., 2005). In the food-stressed environment of oligotrophic oceans, these features
may be critical for the survival of many pelagic species. Seamounts can also host diverse 
and abundant communities of benthic organisms dominated by suspension feeders, includ-
ing corals, sea anemones, sea pens, hydroids, sponges and feather stars (Rogers, 1994; 
Stocks, 2004). These communities differ from those found on the sediment-covered conti-
nental slopes and abyssal plains that are dominated by deposit feeding organisms such as 
holothurians (Gage and Tyler, 1991).

Rogers (1994) suggests two main explanations why seamounts host such diverse 
benthic and pelagic communities. These are increased productivity resulting from 
upwelling of nutrient-rich deep seawater around seamounts (Chapter 4) or the trapping of 
layers of diurnally migrating zooplankton, advected over seamount summits at night 
(Chapter 5). Increased productivity over seamounts and other elevated topography 
requires that upwelled, nutrient-rich water is resident over the feature for suffi ciently long 
to enhance phytoplankton growth and for this to be converted to increased populations of 
zooplankton grazers (see Chapter 4).

Evidence of increased primary productivity over seamounts is rare and hard to connect 
to increased populations of benthic organisms (Genin, 2004). The topographic trapping 
of descending layers of zooplankton has been observed as providing a source of food for 
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seamount-associated species in several cases (e.g., Genin et al., 1988; Seki and Somerton, 
1994; Parin et al., 1997; Haury et al., 2000; Chapter 5). Whether or not this takes place 
depends on the depth of the seamount summit, with respect to the depths over which the 
deep scattering layers (DSLs) of plankton migrate, and the intensity of horizontal cur-
rents that advect the DSL over the seamount at night (Genin, 2004). This would appear 
to be an important mechanism of trophic focusing over many seamounts (Rogers, 1994; 
Genin, 2004). Evidence that seamount corals prey on the DSL is lacking although Lophelia 
pertusa has been observed to prey on planktonic copepods (Freiwald, 1998). Analyses of 
the 15N and 13C isotope signatures of the tissues of L. pertusa, from the Galicia Bank, NE 
Atlantic, are also consistent with a diet that comprises a signifi cant proportion of zooplank-
ton (Duineveld et al., 2004). Analysis of the distribution of stony corals and stylasterids 
(see below) shows that the majority of species occur in the depth range 100–1000 m. This 
depth distribution is consistent with trapping of the DSL and the availability of prey from 
this food source may be a determining factor in broad-scale patterns of distribution of stony 
corals on seamounts. Gorgonians and antipatharian corals have a greater tendency to be 
distributed below 1200 m (see later and also Etnoyer and Morgan, 2005). Octocorals have a 
relatively low density and diversity of nematocysts (Mariscal and Bigger, 1977) and, unlike 
stony corals such as L. pertusa that can feed on active zooplankton such as copepods, tend 
to be passive suspension feeders that capture prey items with little or no ability to escape 
(Ribes et al., 2003). They can also exploit food sources such as particulate organic matter 
and microbial eukaryotes (Ribes et al., 2003). This may allow them to exploit food sources 
unavailable to stony corals and stylasterids at abyssal depths. These sources may include 
micro- or nanozooplankton and dead organic particulate material fl owing past or raining 
down on the seamount and material resuspended from the seabed as a result of accelerated 
or turbulent current fl ows. Little is understood about the energetics of deep-sea corals and 
it may also be the case that food concentration and quality are insuffi cient at greater depths 
for many species of scleractinians and stylasterids.

Studies on individual seamounts have demonstrated the strong infl uence of current 
strength on the distribution of corals. Current strength may be positively correlated with 
food supply and negatively correlated with sediment cover on seamounts. Corals require 
hard substrates for attachment, including bedrock, cobbles, stones and even the skeletons 
of other corals, the tubes of worms or the shells of marine molluscs. Currents keep feed-
ing structures clear of sediment, remove waste products and disperse gametes or eggs and 
larvae (Grigg, 1974, 1984). Observations on Pacifi c seamounts have shown that at large 
scales, gorgonians and antipatharian corals are abundant near the peaks of seamounts, 
especially around the rims of summits or near the edges of terraces or basalt dykes where 
currents are strongest (Genin et al., 1986; Moskalev and Galkin, 1986; Grigg et al., 1987; 
Matsumoto, 2005). On smaller scales, densities of Stichopathes spp. have been observed 
to increase on rock pinnacles (Genin et al., 1986). Strong negative correlations in coral 
abundance with sediment cover have also been observed on seamounts (Genin et al.,
1986; Grigg et al., 1987).

Studies on Great Meteor Seamount in the Atlantic have shown differences of two 
orders of magnitude in the abundance of corals on the peaks of the seamount com-
pared to the slopes (Piepenberg and Müller, 2004). This distribution was consistent 
with strong currents over the seamount. However, even on the seamount summit, the 
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occurrence of corals was very patchy and this was attributable to the presence of sedi-
ments and the occurrence of turbulent fl ow. The effects of turbulence on food supply for 
corals on seamounts have not been investigated, although the complex tree-like branched 
form of many species found on seamounts can be viewed as advantageous for feeding in a 
regime where currents may frequently change direction and strength. Turbulence may also 
infl uence patterns of larval settlement over small scales.

Observations of the distribution of the coral L. pertusa in non-seamount and seamount 
habitats also show that this coral is found in areas of strong current fl ow (Rogers, 1999). 
On Cobb Seamount, in the NE Pacifi c, this coral occurs in areas of strong unidirectional 
fl ow (Farrow and Durant, 1985), whilst on the Rockall Bank it occurs around the sum-
mit ‘rim’ and on smaller scales, tends to grow on the mounds formed by the edges of old 
iceberg furrows called levees (Wilson, 1979a). Iceberg furrows have a particularly strong 
infl uence on the structure of the large L. pertusa reef on the Sula Ridge in the NE Atlantic 
(Freiwald, 1998).

Reproduction and life histories

There is no specifi c published information to date on reproduction of corals from 
seamount habitats, although studies have been carried out on deep-sea corals some of 
which occur on seamounts and banks (Waller et al., 2002, 2005; Waller, 2005; Waller and 
Baco-Taylor, 2005; Waller and Tyler, 2005). Corals may reproduce sexually or asexually. 
Growth of colonial forms takes place by a form of asexual reproduction through budding 
to form new polyps. Budding may occur by the division of an existing polyp (intraten-
tacular budding) or by the formation of a polyp in the space between two existing polyps 
(extratentacular budding) (Richmond, 1996). L. pertusa and Solenosmilia variabilis grow 
by intratentacular budding, whilst other deep-sea species (e.g., Enallopsammia spp.) grow 
by extratentacular budding (Cairns, 1995). Corals may also reproduce by fragmentation, 
whereby pieces of a parent colony break off and continue to grow, forming new coral 
colonies. This process is important in the development of cold-water L. pertusa reefs by 
Wilson (1979b) and reviewed by Rogers (1999). In some corals, pieces of living tissue 
may regenerate from an otherwise dead coral skeleton, or may leave the coral skeleton, 
and swim, using cilia covering the epidermis, and settle to form a new colony in a process 
known as ‘polyp bale out’ (Sammarco, 1982; Krupp, 1983).

Sexually reproducing corals may have separate sexes (gonochoric) or may be hermaph-
roditic or may even display both life-history strategies where some individuals are single 
sex and some have both male and female gonads (Richmond, 1996). About 25% of shallow-
water corals are gonochoristic, while the majority are hermaphroditic where reproductive 
biology is known (Fadlallah, 1983; Richmond and Hunter, 1990). Eight species of deep-
sea stony corals e.g., Lophelia pertusa, have been found to be gonochoric (Waller et al.,
2002; Burgess and Babcock, 2005; Waller and Tyler, 2005), whilst three, e.g., Caryophyllia 
ambrosia, are hermaphrodites (Waller et al., 2005). The octocorals Corallium secundum,
C. laauense and the zoanthidean Gerardia spp. from deep-water habitats in Hawaii have also 
been found to be gonochoric (Waller and Baco-Taylor, 2005). Based on the limited knowl-
edge to date, it appears that deep-sea corals show differences in sexuality to shallow-water 
hermatypic corals (Roberts et al., 2006). That only one genus displays hermaphroditism 
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probably refl ects systematic constraints on life history, although it should be noted that the 
shallow-water C. smithii is gonochoric (Tranter et al., 1982).

Sexually reproducing corals show two modes of larval development, brooding or broad-
cast spawning. In brooding species, the eggs are fertilised internally and develop into planula
larvae prior to being released. The larvae are able to settle and metamorphose immedi-
ately after being released (Richmond, 1996). In broadcast spawners, eggs and sperms are 
released into the water column where fertilisation and subsequent development take place. 
The eggs have to develop into larvae that must grow for a period of several weeks before 
being competent to settle. Counter intuitively, the larvae of many brooding, shallow-water 
tropical corals may have higher dispersal potential than those of broadcast-spawning spe-
cies. This is because the larvae of brooding species often have zooxanthellae that supple-
ment the energy reserves of the larvae and enable them to survive without settlement and 
metamorphosis for long periods of time (Richmond, 1996). Only about 15% of the shal-
low-water coral species studied are brooders, with the majority being broadcast spawners 
(Richmond, 1996). Timing of reproduction in shallow-water corals is often highly seasonal,
taking place over a few months of the year or even just over a few days. In warm-water 
hermatypic corals where the spawning period is very short, it is often coupled to the lunar 
cycle (Richmond, 1996).

Twelve species of deep-sea coral, including L. Pertusa,, show broadcast spawn-
ing (Waller et al., 2002; Waller, 2005; Waller and Baco-Taylor, 2005; Waller and Tyler, 
2005). Most of these species produce large-sized oocytes varying between 400 μm
maximum diameter in E. rostrata and 750 μm in F. marenzelleri, suggesting leicitho-
trophic development. A range of species have smaller-sized eggs but some possess leic-
ithotrophic larvae (Burgess and Babcock, 2005; Waller, 2005; Waller and Baco-Taylor, 
2005). It is notable that all the species with smaller eggs are primary reef constructors. 
The production of leicithotrophic larvae is more common than planktotrophic larvae in 
deep-sea species (Gage and Tyler, 1991; Young, 1994). Both Flabellum curvatum and 
F. impensum off the Antarctic Peninsula are brooding species with very late stage lar-
vae, that are probably competent to settle immediately or shortly after release (Waller 
et al., in press). Previously, it was thought that harsh ecological conditions at high lati-
tudes favoured brooding of larvae (reviewed by Pearse, 1994). However, many Antarctic 
species have planktotrophic larvae and only some groups of organisms show a prevalence 
of brooding in their life histories (Pearse and Lockhart, 2004). The reasons for the preva-
lence of brooding in some groups are not fully understood, although to some degree it is a 
result of phylogenetic constraint. It may also be related to the geographic and the oceano-
graphic history of the Antarctic and Sub-Antarctic (Pearse and Lockhart, 2004). F. impen-
sum and F. curvatum also occur outside of the Southern Ocean in the SW  Pacifi c and SW 
Atlantic, and S. variabilis, a non-brooding species, is found in the Southern Ocean.

The mean fecundity of the deep-sea corals that inhabit seamounts varies from a high 
of 3146 oocytes per polyp in L. pertusa to a low of 10 in Madrepora oculata (Waller 
and Tyler, 2005). The remaining species lie between these two extremes (Waller, 2005). 
To some extent, this is related to the size of the oocytes and the size of the coral polyps. 
Solitary corals have large polyps and can develop large number of large eggs, whereas 
colonial forms can produce large number of small eggs or low number of large eggs 
(Waller, 2005). The overall fecundity of colonial corals is potentially large.
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The timing of reproduction in deep-sea corals that live on seamounts and banks also 
varies markedly. Some species show seasonal reproduction, such as L. pertusa in the NE 
Atlantic, which probably spawns in winter (January/February; Waller and Tyler, 2005) 
and Gerardia spp. in the North Pacifi c (Waller and Baco-Taylor, 2005). Others such as M. 
oculata in the NE Atlantic show periodic reproduction that is not seasonal (Waller and Tyler, 
2005). Still others such as F. marenzelleri from the NE Atlantic, C. lauuense and C. secun-
dum from the North Pacifi c, are quasi-continuous spawners, where reproduction is continu-
ous but possibly with some variation in spawning intensity through the year (Waller et al., 
2002; Waller and Baco-Taylor, 2005). The hermaphroditic Caryophyllia spp. that have been 
studied show a cyclicity of development of male and female gametes within individuals so 
that self-fertilisation is not possible (Waller et al., 2002). The timing of spawning in species 
of corals recorded as living on seamounts therefore varies markedly and is likely to be con-
trolled by a range of environmental and genetic (phylogenetic) factors.

Age and growth of deep-sea corals on seamounts

Deep-water scleractinians can form ancient reefs through accumulation and repeated 
settlement on older coral skeletons over time. Schröder-Ritzrau et al. (2005) used U/Th 
dating to determine the ages of Atlantic deep-water corals exposed at the seabed. They 
found that seamounts off NW Africa, the low latitude Mid-Atlantic Ridge and the Azores 
had conditions suitable for coral growth during glacial times, as well as the interglacial 
periods, with coral samples spanning the past 50 000 years. In contrast, deep-water reefs 
from northern parts of the Atlantic were merely thousands of years old. All were of 
Holocene age, indicating that glacial periods were unfavourable for coral growth at high 
latitudes. Few geological cores have yet been analysed from deep-water reefs, but the cur-
rent record for the oldest living reef comes from giant coral-topped mounds off Ireland 
that have been building up intermittently since the Pleistocene (De Mol et al., 2005).

Deep-water reefs are generating strong interest in climate change research because 
zooxanthellate scleractinians have been shown to provide important archives of sea-
sonal variations in temperature, salinity, and productivity in shallow waters of the tropics 
(Tudhope et al., 2001; Cohen et al., 2004; Roberts et al., 2006). It is hoped that analy-
ses of deep-water corals and the remains of their associated biota will provide a detailed 
understanding of subsurface oceanic circulation patterns as this is key to accurate pre-
dictions of future climate variability (Smith et al., 1997; Adkins et al., 1998; Thresher 
et al., 2004; López-Correa, 2005; Risk et al., 2005). The deep-water scleractinians exam-
ined for paleoclimate signals to date have complex internal banding patterns that makes 
extracting time series of environmental change diffi cult (Sinclair et al., 2005). However, 
the skeletons of deep-water gorgonians, antipatharians, and zoanthids can show a much 
clearer banding similar to tree-rings and this can be used to estimate age (Sherwood et al.,
2005). Growth band studies (sclerochronology) of this sort require validation using radio-
metric analyses whereby naturally occurring radioisotopes are used to determine an inde-
pendent estimate of age or growth rate. Such studies have revealed that the oldest known 
deep-water coral to date is Gerardia spp., a zoanthid from 620m off Florida, carbon dated 
to 1800 years old (Druffel et al., 1995). Gorgonians can also be slow growing and long 
lived, the oldest known being fossil specimens of Primnoa resedaeformis from Georges 
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Bank dated as 320 years (Risk et al., 2002) and 700 � 100 years (Sherwood et al., 2006).  
Andrews et al. (2002) dated a 112 years old P. resedaeformis colony in the Gulf of Alaska 
and noted that larger colonies in the vicinity were probably older.

Evidence shows that deep-sea corals have the potential to live for thousands of years 
and are typically slow growing (Andrews et al., 2005a), yet where food supply and water 
conditions are optimal some can grow quickly. For example, the scleractinian L. per-
tusa has rapidly colonised oil rigs and exhibited growth rates of up to 33 mm/year (Gass 
and Roberts, 2006). Recent carbon dating work on isidid corals by Roark et al. (2005) 
revealed ages of 75–126 years confi rming the longevity of certain deep-water corals, 
although lead-210 dating of an isidid (Lepidisis spp.) from 690 to 800 m off New Zealand 
by Tracy et al. (2005) showed that it was 38–48 years old, indicating a linear growth 
rate of ca. 30 mm/year. Andrews et al. (2005b) used the same methods on another isidid 
(Keratoisis sp.), collected at 1425 m on Davidson Seamount off California. This colony 
was 97–197 years old and had grown about three times more slowly than the shallower 
New Zealand isidid, suggesting that food supply may limit growth at depth.

Role of corals in structuring seamount communities

Some of the corals that occur on seamounts and banks are capable of forming reefs. However,
most of our knowledge on the ecology of deep-sea or cold-water coral reefs relates to 
frameworks constructed by L. pertusa. This species has a wide distribution, but to 
date, large complex reefs formed by L. pertusa have only been found in fjords, on the 
continental slope and on slope or near-slope banks rather than oceanic seamounts*.
S. variabilis, one of the main reef-forming corals, builds extensive frameworks on sea-
mounts, along with several secondary reef-constructing species such as M. oculata and 
Desmophyllum dianthus (e.g., Koslow et al., 2001; Clark and O’Driscoll, 2003). Reefs 
formed by this species have been observed off New Zealand and Australia. There is 
also evidence of reefs on the Pacifi c–Antarctic Ridge and on a small seamount in Drake 
Passage in the Southern Ocean. Most corals occur on seamounts as thickets or isolated 
colonies. Although these may infl uence the diversity of the seamount habitat by structur-
ing the environment, they are not reefs.

Cold-water coral reefs, like shallow-water tropical corals reefs, host a distinct commu-
nity of associated species that contrast with the surrounding deep seabed in terms of taxo-
nomic composition and biomass (Rogers, 1999; Freiwald et al., 2002). This is because the 
corals secrete calcium carbonate to form a complex three-dimensional skeleton that alters 
the local hydrodynamic and sedimentary regime (Freiwald et al., 2002). Such coral spe-
cies are defi ned as being hermatypic and may be classed as ‘ecosystem engineers’ defi ned 
by Jones et al. (1994) as a species that alters the environment by its physical presence. 
The coral frameworks present a variety of sub-habitats, including coral rubble, sediment 
clogged coral framework, exposed dead coral framework and the living coral (Jensen and 
Frederiksen, 1992; Mortensen et al., 1995; Rogers, 1999; Freiwald et al., 2002).

The presence of a variety of substrata and habitats that are not present on surround-
ing deep-sea sediments explains the high diversity and contrasting faunal composition of 

*See Supplementary Material for map.
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deep-sea coral reefs compared with the background communities (Rogers, 1999; Freiwald 
et al., 2002). The number of macrofaunal and megafaunal species and the density of 
organisms tend to be high on cold-water coral reefs compared to the surrounding habitats 
(Jensen and Frederiksen, 1992; Koslow et al., 2001; Jonsson et al., 2004; Thiem et al.,
2006). For many groups of organisms, the diversity found in the few studies of deep-water 
coral reefs is comparable to those on shallow-water reefs, although data are very limited 
for both (Rogers, 1999). There are notable exceptions to this, and the diversity of reef-
forming corals, fi sh and molluscs tends to be much lower on cold water than tropical coral 
reefs (Rogers, 1999). Many biophysical processes on deep-water and shallow-water, trop-
ical coral reefs are similar, including processes of reef accretion and destruction (Rogers, 
1999; Freiwald et al., 2002).

One of the main questions is how many species are endemic, or obligate associates of 
living or dead deep-sea coral communities. More than 1300 species have been described 
as associated with L. pertusa reefs in the NE Atlantic, although the vast majority of these 
occur in other habitats (Rogers, 1999; Roberts and Gage, 2003; Roberts et al., 2006). 
For example, in the NE Atlantic, fi sh species such as redfi sh (Sebastes marinus), tusk 
(Brosme brosme) and ling (Molva molva) occur both on and off L. pertusa reefs, although 
they may be more numerous and larger in reef habitats (Husebø et al., 2002). Between 
24% and 43% of the 262 invertebrate species collected from S. variabilis reefs on the 
seamounts south of Tasmania were undescribed and about 16–43% thought to be endemic 
(Richer de Forges et al., 2000; Koslow et al., 2001). If seamounts conform to expectations 
of island biogeography, it is likely that they will recruit species from the regional species 
pool, which in the SW Pacifi c may be huge (see later and Chapter 13). In general, islands 
have a lower species diversity than the nearest mainland fauna (Vermeij, 2004), although 
the ratio of endemic to surrounding species varies and may be as high as 42%.

It is now recognised that other types of coral can form distinct habitats with associ-
ated communities of animals. In particular, large colonies of gorgonians can form dense 
stands (Auster et al., 2005). These have been located in the North Pacifi c, throughout 
Hawaii, along the Aleutian Island chain, and also in the Bering Sea and Gulf of Alaska 
(e.g., Stone, 2006). These habitats have been found to be rich in redfi sh (Sebastes spp.), 
shrimp, galatheid lobsters and other crustaceans (e.g. Stone 2006). They also host other 
attached suspension feeders such as crinoids, basket stars, sponges and other corals (e.g., 
Parrish and Baco, in press). NE Atlantic gorgonians Acanthogorgia spp. have been found 
to host the amphipod Pleusymtes comitari, thought to be an obligate commensal species 
(Myers and Hall-Spencer, 2004). The legs of the amphipod have special hooks to grip on 
to the coral. Predators that specialise on feeding on the polyps of the octocorals have also 
been identifi ed, including starfi sh (Hippasteria heathii) and a nudibranch (Tritonia exul-
sans) (Krieger and Wing, 2002). Gorgonians and other corals also form dense populations 
in areas such as canyons and may also have a highly diverse associated fauna. Paragorgia 
arborea has been found to host up to 16 species of crustaceans and Primnoa resedae-
formis 7 (Buhl-Mortensen and Mortensen, 2004).

Predatory fi sh may take advantage of the energetic environment of seamounts and 
other deep-sea habitats by feeding at certain times of day in the current and then resting 
in cryptic habitat, such as behind rocks, or amongst corals. Hundreds of the rockfi sh, 
S. alutus, have been observed resting amongst forests of sea whip corals (Halipteris
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willemoesi) at night and then swimming above the corals during the day to prey on pass-
ing food items (Brodeur, 2001). Such behaviour may explain the association of many species 
of seamount fi sh with biogenic habitats, although there is evidence that any physical struc-
ture creating shelter from current may serve this function (Auster et al., 2005; ICES, 2005).

Studies in the Hawaiian Archipelago on associations between black corals (Antipathes
spp.) in shallow water and fi sh have indicated that many fi sh may routinely pass through 
the branches of coral colonies treating them as general habitat. A few species regularly 
used the coral for protection from perceived threats and only one species of fi sh was 
restricted to the branches of coral trees (Boland and Parrish, 2005). The fi sh commu-
nities of deeper slopes in Hawaii also use corals (Gerardia and Corallium spp.) as shelter 
interchangeably with non-biotic habitat (Parrish and Baco, in press). Taller coral colonies 
(Gerardia spp.) are more attractive to fi sh than other corals. In some cases, observations 
suggest that fi sh and corals may have similar habitat requirements on seamounts and 
banks (e.g., exposure to currents or areas with a high supply of planktonic food; Mundy 
and Parrish, 2004; Parrish and Baco, in press). Resolution of the question of importance 
of stands of gorgonians to fi sh species will require further detailed in situ observational 
studies and habitat classifi cation (Auster et al., 2005). The rich communities of animals 
associated with coral reefs, or forests of gorgonians or sponges may in themselves pro-
vide food for predators. Evidence from electronic tagging and submersible observations 
on banks off Hawaii indicate that Hawaiian monk seals (Monachus schauinslandi) may 
preferentially forage for fi sh amongst beds of deep-sea octocorals and antipatharians 
(Parrish et al., 2002). Observations from submersibles have also suggested that some 
fi sh that occur on seamounts may feed on invertebrates associated with coral colonies or 
on the coral polyps themselves (Auster et al., 2005). There may be a direct link between 
commercial fi sh species and benthic habitat-forming organisms (see also the ‘feed-rest’ 
hypothesis in Chapter 6). This means that fi shing activities on seamounts may not only 
have the potential to directly remove target fi sh species but may destroy or severely reduce 
habitat essential for the existence of fi sh populations in these areas and negatively impact 
on the predators that feed on them.

Biogeography

Geographic and taxonomic coverage of sampling for corals

A total of 3215 species of corals have been recorded on seamounts, making them one of 
the best studied groups of animals in these habitats. The question arises as to whether 
such a dataset is informative in terms of patterns of biodiversity on seamounts. Previous 
studies have recorded species from only about 200 seamounts (Stocks, 2004). Estimates 
from satellite gravity maps indicate that there are probably 100 000 or more large seamounts 
(1000 m � elevation; Wessel, 2001; see Chapters 1 and 2), i.e., the number sampled is a 
small proportion of the total. In the present study, records of corals and stylasterids were 
obtained for 271 seamounts, banks and ridges, reducing to a total of 184 if shelf or con-
tinental slope-associated banks are removed from the dataset. This number of seamounts 
and banks is larger than the number from which cnidarians have previously been recorded 
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Fig. 8.1 Octocorallia global map of the distribution of the samples of corals on seamounts (dark circles) included 
in analyses of distribution and biogeography.

(84 in Stocks, 2004), but is still tiny compared to the overall number of seamounts in 
the world’s oceans. The geographic distribution of records of corals from seamounts, 
banks and ridges makes it apparent that whilst some areas have been well sampled, such 
as around New Zealand, Hawaii, off western N America and in the NE and NW Atlantic, 
vast areas of the ocean remain unsampled (see Fig. 8.1). The present dataset contains 
only fi ve records of corals from the entire Indian Ocean and all these are associated with 

shallow banks. Large areas of the NE, W, equatorial and S central Pacifi c and S Atlantic 
oceans have not been sampled. Some of these areas, especially the Pacifi c Ocean, contain 
the largest concentrations of seamounts in the world (Wessel, 2001; Stone et al., 2004).

The global defi ciency of scientifi c expertise in coral taxonomy is another signifi cant 
barrier to understanding the diversity of corals and many other organisms on seamounts. 
De Vogelaere et al. (2005) report that Davidson Seamount, off California, hosts at least 20 
coral species, with Paragorgia spp. being abundant and forming large and dense patches. 
However, they were only able to identify three other coral species to genus level and none 
to species. Many records obtained in the present study only identifi ed corals to genus or 
family level, greatly decreasing the usefulness of the data in a global analysis of coral dis-
tribution and in the establishment of programmes to manage and minimise human impacts.

Global distribution

One of the most striking features of the occurrence of corals on seamounts and banks is 
that the majority of species have been observed only within one region of one ocean (Table 
8.2). This is even considering land-locked seas, such as the Mediterranean and Caribbean 
as separate regions from the major oceans to which they are connected. This region-
alisation partially refl ects the poor sampling of seamounts in many parts of the world. 
Diffi culties in identifi cation of corals also mean that the true geographic distribution of 
many species remains unresolved. Recent analyses of mitochondrial DNA sequences from 
corals in the New Zealand region, for example, have identifi ed haplotypes identical to 
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Table 8.2 Distribution patterns of corals (Scleractinia, Octocorallia, Antipatharia, Zoanthidea, Stylasterida) 
across oceans and regions within oceans.

Taxon/geographic scale Scleractinia Octocorallia Antipatharia Stylasterida Zoanthidea Total

Species occurring in one  218 156 27 64 14 479
 ocean or inland sea
Species occurring in two   30   5  7  4  0  46
 oceans or inland seas
Species occurring in three    4   0  0  0  0   4
 oceans or inland seas
Species occurring in one  204 134 26 63 13 440
 region in one ocean
Species occurring in two   22  22  2  1  1  48
 regions in one ocean
Species occurring in three   5   0  0  0  0   5
 regions in one ocean

Acanella arbuscula from the Atlantic (Smith et al., 2004), the only area in which this 
species is recorded as occurring on seamounts. Studies on seamount coral taxonomy 
show that many species occur in other habitats elsewhere in the world. For example, 
F. lowekeyesi is recorded from SW Pacifi c seamounts but is also known from the SW 
Indian Ocean. Despite the lack of coral records from seamounts for many parts of the 
globe, several regions have been sampled relatively well, especially the SW Pacifi c, the 
NE Pacifi c and the N Atlantic. If the distribution of corals on seamounts were widespread 
then this should be obvious, even within the limitations of the present dataset. Some coral 
species are endemic to specifi c regions and are commonly recorded on seamounts and banks.

The limitations of the dataset make it diffi cult and complex to explain the apparent 
regionalisation of the seamount coral fauna. A great variety of methods of sampling cor-
als from seamounts and banks have been used from dredging to point sampling with sub-
mersibles. Sampling methodology is known to affect estimates of community diversity. The 
depth to the seamount or bank summit and the physical environment provided by different 
seamounts must infl uence coral distribution. The most obvious examples of this are zooxan-
thellate species, such as those belonging to the genus Acropora, which require sunlight and 
warm waters and will therefore only occur in regions where seamounts and banks with shal-
low summits occur in the tropics or sub-tropics such as the Caribbean and around Hawaii. 
Seamounts and banks also represent island-like patches of habitat that contrast strongly in 
their physical characteristics with the surrounding seabed that is at greater depth, may lie in 
a different oceanographic regime and is often composed of sediment. As such, seamounts 
may be expected to conform to the predictions of island biogeographic theory in terms of 
community assembly (MacArthur and Wilson, 1967) where distance to source populations, 
which are usually on the continental shelf or slope, the age of the seamount, the proximity 
to other seamounts and the size of the seamount play a critical role in determination of rates 
of species immigration, colonisation and extinction (see also Chapter 13).

Specifi c habitat availability on seamounts and island biogeography community dynam-
ics may be suffi cient to explain why the distribution of corals on seamounts does not 
refl ect global occurrence of many species even within the sampling limitations of this 
study. It may also explain why the few detailed investigations of seamount biology have 
revealed relatively little similarity in the species composition of communities, even in 
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adjacent seamounts within chains or between seamounts located on different chains (e.g., 
Richer de Forges et al., 2000). Island biogeography predicts that the fauna of ‘islands’ will 
be a subset of that of the nearest source regions and this is consistent with at least some 
studies of seamount faunas. An example would be the megafauna of the Great Meteor 
Seamount (Piepenberg and Müller, 2004; reviewed by Wilson and Kaufmann, 1987). This 
contrasts with the high levels of diversity described for seamount communities in the SW 
Pacifi c, which include the South Australian Seamounts, those near New Caledonia and 
on Lord Howe Rise (Richer de Forges et al., 2000). However, it must be considered that 
the SW Pacifi c studies have taken place on the periphery of the most biologically diverse 
marine region in the world, the tropical Indo-West Pacifi c (e.g., Briggs, 2003). The fauna 
of the deep shelf, continental slopes and abyssal plains of this region are largely unex-
plored. Seamounts probably recruit species from the regional species pool, and diversity 
is likely to refl ect regional species diversity (Cornell and Lawton, 1992; Karlson et al.,
2004; Witman et al., 2004; Chapter 13) that in this region is likely to be very high. This 
also may mean that point comparisons with small areas of seabed on the immediately 
adjacent continental slope may not be meaningful.

Another obvious aspect of the coral dataset is that very few species of corals occur 
across a very wide geographic area (Table 8.2). Only four species, D. dianthus, S. vari-
abilis, Stenocyathus vermiformis and M. oculata, occur on seamounts in three oceans (see 
Supplementary Material for maps*). All the widespread corals are scleractinians, proba-
bly because these corals have a good ability to disperse by planktonic larvae, although this 
is unproven (see earlier). Three out of four of these species are also primary or secondary 
framework constructors in cold-water coral reefs. Other widespread species of scleractin-
ians are also reef-building species and at least one of these, L. pertusa, has been observed 
to colonise remote oil platforms presumably by dispersal of pelagic planula larvae (Gass 
and Roberts, 2006). Why reef-building species should have such wide geographic distri-
butions is unknown. Distributions may result from vicariance, which has left fragmented 
populations from a previously wider distribution. There is evidence that cold-water coral 
reefs have been eliminated from many areas as a result of climate change (e.g., Rogers, 
1999; Remia and Taviani, 2005). It is also possible that the population dynamics of reef-
forming species, or the environment in which they occur, selects for planktotrophic larval 
development that confers high dispersal ability for these species. The detailed systematics 
of such widely distributed species of coral also remains uninvestigated using molecular 
techniques and they may represent geographically separated sibling species.

Analysis of the species richness of corals on seamounts on a 10° latitude and 10° 
longitude grid shows that the SW Pacifi c has the highest species diversity irrespective 
of whether seamounts and banks are considered or just seamounts alone (Figs. 8.2 and 
8.3). Other areas of high diversity include the NE Pacifi c and the NE Atlantic. However, 
plotting the number of species for each 10° � 10° box against the number of samples 
(Fig. 8.4) shows a strong relationship between sampling intensity and species richness. 
To try and correct for sampling intensity, the number of species for each 10° � 10° box 
was divided by the number of samples and re-plotted on the world map (Fig. 8.5). The 
results are in many ways the reciprocal of the plot of species richness, as for many areas 

*See Supplementary Material on-line at www.seamounts book.info
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Fig. 8.2 Global species richness of corals on seamounts, banks, ridges and plateaus analysed on 10° � 10° grid 
of latitude and longitude. Key: Number of species; red: high diversity; blue: low diversity.
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Fig. 8.3 Global species richness of corals on seamounts only, analysed on 10° � 10° grid of latitude and longi-
tude. Key: Number of species; red: high diversity; blue: low diversity.

of low sampling effort, a relatively high number of species per sample are identifi ed. This 
is expected from species-accumulation curves, as the number of species detected in a few 
consecutive samples rises very steeply and only levels off when the regional fauna has 
been well sampled. It is notable that the SW and NE Pacifi c areas still have quite a high 
species richness to sampling ratio. The species-rich boxes in the NE Atlantic (Figs. 8.2 
and 8.3), however, have a low species richness to sampling ratio in Fig. 8.5. This indicates 
that high sampling effort has probably over-represented the importance of parts of this 
area in terms of species richness. This is confi rmed by detailed examination of the values 
that fall well above and well below the trend line in Fig. 8.4. Grid boxes from the NE and 
SW Pacifi c show a high number of species per sample. Those from the N Atlantic show 
low number of species per sample, as well as one off SE New Zealand that probably rep-
resents a well-sampled area or an area where samples are dominated by a few abundant 
species. The northern N Atlantic region not only shows low species richness, but also a 
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low species richness to sample ratio, possibly indicating that this region has a genuinely 
low diversity. The Arctic is known to have an impoverished fauna as a result of cycles of 
glaciation (Gage and Tyler, 1991).

The SW Pacifi c region is on the periphery of the Indo-West Pacifi c biodiversity hotspot,
the most species-rich area of the world’s oceans, including the ‘coral triangle’, the great-
est concentration of shallow coral reef biodiversity (e.g., Bechtel et al., 2004; Wilkinson, 
2004; Briggs, 2005; Heads, 2005). This region, which had its origins in the Tethys Sea and
was established by the early Miocene, has acted as a centre for speciation in shallow water
and subsequent species dispersal across the SW Pacifi c (Briggs, 2000, 2003, 2005). 
Onshore–offshore patterns of speciation likely had a positive infl uence on the diver-
sity of the deep seas in this region including the SW Pacifi c (Zezina, 1997; Briggs, 2003; 
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Chapter 13). The W Pacifi c is also the location of the greatest number and concentration 
of seamounts anywhere in the world (Wessel, 2001; Chapters 1 and 2). It has been sug-
gested that habitat size in islands is proportional to the number of island ‘units’ in an area 
if within-island dispersal takes place (Holt, 1992; Cook et al., 2002). Therefore, habitat 
availability may also partially explain the high diversity of corals in the SW Pacifi c.

The high species richness of the NE Pacifi c is more diffi cult to explain. This may be a 
sampling artefact as the region includes many recent records from banks and seamounts 
in the vicinity of the Hawaiian Islands. However, this region is likely to be infl uenced 
by species dispersing from the Indo-West Pacifi c, as with the SW Pacifi c. Observations on 
species from other marine habitats indicate that the Hawaiian Islands receive species from 
several other regions, including the Ryuku Islands, Japan, in the NW Pacifi c and from 
Polynesia to the south and east (Vermeij, 2004). Analysis of mitochondrial DNA sequence 
variation amongst species of bamboo corals of the sub-family Keratoisidinae from an area 
off New Zealand in the SW Pacifi c and the Hawaiian Islands showed identical haplotypes 
occurring in both regions (Smith et al., 2004). This suggests that at least some species 
have the capacity to disperse even to the distant seamount chains in the Pacifi c Ocean. 
It is possible, therefore, that corals have colonised the seamounts and banks around the 
Hawaiian Islands from a number of other regions over a wide area of the Pacifi c, possibly 
using seamount chains as stepping stones (Hubbs, 1959; Rogers, 1994).

A peculiarity of the NE Pacifi c data compared with that of the SW Pacifi c is the preva-
lence of species of octocorals compared to scleractinians (Table 8.3). There is a notable lack 
of species records of scleractinians from the NE Pacifi c and those that have been recorded
are mainly from ‘banks’, shallower features mainly in the Hawaiian Islands. Octocorals are 

Table 8.3 Number of species of the different coral groups that occur on (a) seamounts and (b) banks 
in different geographic regions.

 Scleractinia Octocorallia Antipatharia Zoanthidea Stylasterida

Group/region a b a b a b a b a b

NEA  48 24 27  3  8 1 – 1  7  4
NWA   9  9  7 17  2 – 1 2 – –
SEA  10 –  1 – – – – 4 – –
SWA   5  5  1 – – – – – – –
Med   2  7 – – – – – – – –
Car – 31 – 21 – 8 – 3 –  3
NEP  15 29 54 25 13 9 1 1  1 –
NWP   3  5  3 19  3 – – 1 –  2
SEP   3 – – – – – – – – –
SWP 108 17 20  1 – – – – 46 19
SCS – 18 – – – – – 1 – –
Cel – – –  1 – – – – – –
WIO –  3 – – – – – 1 – –
EIO –  1 – – – – – – – –
SO   8 –  4 –  1 – – –  4 –

NEA: North East Atlantic; NWA: North West Atlantic; SEA: South East Atlantic; SWA: South West 
Atlantic; Med: Mediterranean; Car: Caribbean; NEP: North East Pacifi c; NWP: North West Pacifi c; 
SEP: South East Pacifi c; SWP: South West Pacifi c; Cel: Celebes Sea; SCS: South China Sea; WIO: 
Western Indian Ocean; EIO: Eastern Indian Ocean; SO: Southern Ocean.
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more diverse in the NE Pacifi c and occur mainly on seamounts, although in the SW Pacifi c 
there are relatively few species. It is tempting to ascribe these differences to bias in collect-
ing and identifying animals, but submersible observations in the Hawaiian Islands confi rm 
the relative abundance of octocorals compared to scleractinians (Baco, Personal observa-
tion). It is likely that the changes in relative species diversity of different coral groups 
between these regions refl ect differences in the physical characteristics of the seamounts 
and the biological and the physical oceanographic settings in which they occur (e.g., see 
Rowden et al., 2005). In particular, the depth of the aragonite saturation horizon (ASH) is 
shallow in the N Pacifi c compared to other ocean regions such as the N Atlantic. Higher 
dissolution rates of aragonite in the N Pacifi c are likely to make this region less favour-
able for scleractinian corals and for formation of cold-water coral reefs (Guinotte et al.,
2006; Roberts et al., 2006). Octocorals are less affected by a shallow ASH as their skel-
etons are formed by calcite. The extreme geographic isolation of the Hawaiian Island 
chain may also select for colonisation by octocorals from distant sources of species 
because of the life-history characteristics of these species. The differences in the biology 
of these groups may also be related to the occurrence of octocorals in deeper water than 
scleractinians (see later).

Sampling intensity has probably led to an overestimate of relative species richness of 
the N Atlantic in this study. The coral fauna of seamounts, however, is well developed 
and the presence of many banks located on the continental slopes of this region, beneath 
bands of high productivity surface waters associated with the shelf break (e.g., Pingree 
and Mardell, 1981; Holligan and Groom, 1986), may have provided large areas of suitable 
habitat for many coral species. Tropical regions, such as the W Atlantic, may have acted as
evolutionary centres of origin for the Atlantic deep sea (Briggs, 2003). This hypothesis 
cannot yet be tested as little is known about tropical and sub-tropical W Atlantic seamounts 
and other deep-sea habitats with the exception of hydrocarbon seeps. A further source 
of species may have been the Great Trans-Arctic exchange between the N Pacifi c and
Atlantic oceans (Briggs, 1995). Several cold-water scleractinians and octocorals found in
the North Atlantic also occur in the North Pacifi c. Dispersal via this route may have occurred
although this is unproven.

Latitudinal patterns of diversity

Examination of the latitudinal distribution of species of corals on seamounts suggests that 
species richness peaks at mid-latitudes (20–40° N/S), with low values at the poles and 
very low values at equatorial latitudes (Fig. 8.6). This is not consistent with reports of par-
abolic patterns of species richness with latitude in marine species, where peak biodiversity 
is recorded at low latitudes and decreases progressively towards the poles (e.g., Hillebrand, 
2004; Witman et al., 2004). Note that the latitudinal diversity in shallow benthic commu-
nities reported by Witman et al. (2004) shows high diversity values at mid-latitudes and 
moderate-to-low values at the equator despite reporting parabolic patterns of species rich-
ness with latitude (Fig. 3 of Witman et al., 2004). Seamount coral diversity would appear 
to be congruent with latitudinal biodiversity patterns in large, oceanic predators (Worm 
et al., 2003). However, examination of the latitudinal pattern of distribution of sampled 
seamounts shows the same broad pattern as species richness in corals. A hypothesis that 
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Fig. 8.6 Distribution of number of species at different latitudes: (a) Scleractinia, (b) Octocorallia, (c) Antipatharia 
and (d) Stylasterida.

the latitudinal pattern of species richness refl ects sampling intensity of seamounts cannot 
be rejected. To some extent, this may refl ect the actual distribution of seamounts (e.g., see 
maps in Stone et al., 2004), although it is likely that it simply refl ects lack of scientifi c 
sampling effort on equatorial seamounts.

Comparison of the latitudinal species richness of corals (Fig. 8.6) with the number of 
seamounts (Fig. 8.7) does reveal some differences. The species richness of corals at 20–30° N
and 25–35° S does seem to be higher than would be expected simply from the number of 
seamounts and banks sampled. These latitudinal bands correspond to the SW Pacifi c and 
NE Pacifi c biodiversity hotspots; 45–55° N and 05–15° N appear to have low diversities 
given the number of seamounts and banks. However, the number of sites sampled in equa-
torial regions and high latitudes is so low that it is not possible to place any confi dence in 
estimates of species richness.

Depth distribution

An analysis of variance using the general linear model (GLM) was used to compare the depth
distribution of the different groups of corals. This was done by estimating the maximum 
and mean depths for all species and testing the hypothesis that the coral group (sclerac-
tinian, octocoral, antipatharian, stylasterid) was a predictor of the depth of distribution
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Table 8.4 Analysis of variance using GLM of the maximum and mean depths of distribution of 
species of Scleractinia, Octocorallia, Antipatharia and Stylasterida.

F p R2 (adj.) (%)

All data Maximum  8.98 �0.001  5.67
 Mean 18.21 �0.001 11.48 
Scleractinia vs Octocorallia Maximum 18.44 �0.001  5.76
 Mean 46.78 �0.001 13.13
Scleractinia vs Antipatharia Maximum  5.04 0.026  1.89
 Mean  6.52 0.011  2.56
Scleractinia vs Stylasterida Maximum  0.24 0.624  0
 Mean  0.01 0.921  0
Octocorallia vs Antipatharia Maximum  0.05 0.823  0
 Mean  1.51 0.220  0.35
Octocorallia vs Stylasterida Maximum 16.25 �0.001  7.54
 Mean 25.35 �0.001 11.52
Stylasterida vs Antipatharia Maximum  5.44 0.022  4.51
 Mean  5.05 0.027  4.14

of species. Data were root transformed to normalise the residuals. When this analysis 
was carried out on the entire dataset, it showed that the depth distributions were signifi -
cantly different between the four coral groups (p � 0.001; Table 8.4). Pairwise analyses 
showed that the depth distribution of scleractinian and stylasterid corals was not signifi -
cantly different. Likewise, depth distributions of octocorals and antipatharians were not 
signifi cantly different, although this analysis was weak given the poor sample size for 
antipatharians. The GLM analyses showed that depth distributions of scleractinians and 
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stylasterids were signifi cantly different from both octocorals (p�0.001) and antipatharians 
(p�0.05) (Table 8.4) (see Supplementary Material for more details).

These analyses demonstrate that the depth of a seamount will have a signifi cant infl u-
ence on the composition of the coral communities present. This may be the case for other 
groups of sessile organisms. However, it should be noted that even for mean depths, the 
R2 values for the GLM indicate that taxonomic groups only explain 10–13% of the vari-
ation and that many other factors, such as the physical environment of a seamount and 
distance to the sources of colonisation, will also determine species composition (Rowden 
et al., 2005). The reasons for signifi cant differences in the depth distribution of species 
are complex but likely related to the ASH depth, the quantity and abundance of food at 
different depths and the nature of substrata available for attachment of species (see earlier 
comments).

Vulnerability and conservation

Harvesting of precious corals

Several octocorals, zoanthids and antipatharians are highly valued as a raw material for 
making jewellery and decorative objects. These species have been harvested from 
seamounts and islands in the vicinity of Hawaii since the 1950s and from the Emperor 
Seamount chain since the 1960s. These corals are all slow-growing, long-lived species 
that have low levels of natural mortality and recruitment (see above; Grigg, 1984). As a 
result, populations can only sustain a very low level of harvesting. The history of pre-
cious coral fi sheries is one of frequent depletion (Grigg, 1984, 1986). Apart from the 
direct impacts of such fi sheries on the target species, tangle-net dredges cause signifi cant 
damage to other benthic sessile megafauna. The use of coral beds as foraging areas for 
the Hawaiian monk seals (see above) also means that such fi sheries may impact on this 
extremely rare and endangered species.

Fishing

The South Australian Seamounts provide striking evidence for the impact of trawling on 
deep-water coral reefs. These seamounts have been subject to intensive trawling for orange 
roughy (Hoplostethus atlanticus) and oreo (Pseudocyttus spp., Allocyttus spp., Neocyttus
spp.). On the most intensively trawled seamounts, the deep-water coral reefs, formed mainly 
by S. variabilis, have been totally removed or reduced to rubble (Koslow and Gowlett-
Holmes, 1998; Koslow et al., 2001). Deeper unfi shed seamounts hosted a rich deep-water 
coral reef community with a high proportion of undescribed and potentially endemic 
species. Photographic surveys on seamounts off New Zealand also identifi ed a negative 
correlation between trawling intensity and the coverage of coral frameworks formed by 
S. variabilis (Clark and O’Driscoll, 2003). Trawling intensity, especially on small 
seamounts, has been found to be extremely intense with up to 17 400 km of tows per km2

of seamount summit, explaining the large-scale destruction of coral communities on some 
seamounts (O’Driscoll and Clark, 2005). In many other parts of the world where trawling 
has been observed to coincide with the occurrence of cold-water corals, large bycatches 
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of corals have been observed in the fi sheries, and there has been photographic evidence of 
widespread destruction of benthic communities (reviewed by Freiwald et al., 2004).

As discussed, deep-sea corals take thousands of years to develop. Data on the recruit-
ment of the larvae of deep-sea corals are very scarce, although at least one study on 
Primnoa spp. in the Gulf of Alaska has suggested that this may be sporadic (Krieger, 
2001). Genetic and reproductive studies suggest that trawling can reduce deep-water coral 
colonies to a size where sexual reproduction is no longer viable (Le Goff et al., 2004). 
Given these factors, recovery of deep-water corals reefs from signifi cant trawling impacts 
is likely to be extremely slow and where the habitat is altered may never happen (Hall-
Spencer et al., 2002). The environmental impacts of trawling have a high risk of causing 
species extinction on seamounts and other deep-sea areas if they possess endemic species. 
In addition, whilst the links between the abundance of commercially valuable species of 
fi sh and the presence of coral communities are unproven the possibility still remains.

Climate change

The interaction between the background current fi eld, the pelagic ecosystem and the com-
munities living on or around seamounts is particularly strong (Rogers, 1994; Genin, 2004). 
In the past, natural climate change has dramatically affected the distribution of deep-sea 
corals (Rogers, 1999). It is likely that present climate change, driven by the burning of 
fossil fuels, will also impact the distribution of deep-sea corals through local and regional 
changes in primary productivity, organic carbon fl ux, the position and strength of major 
ocean currents and as a result of ocean acidifi cation (Glover and Smith, 2003; Guinotte 
et al., 2006). Ocean acidifi cation is of particular concern as over the next 100 years there 
may be marked changes in the depth of the ASH of the oceans, especially in the Southern 
Ocean, Sub-Arctic Pacifi c and northern N Atlantic (Orr et al., 2005). The effects of under-
saturation of carbonates on corals are not well understood, but will at least decrease the 
rate of calcifi cation of cold-water corals and will become corrosive to dead coral skel-
etons that are composed of aragonite, that form most of the habitat of deep-sea reefs. 
Overall, there may be large-scale changes in the faunal composition of seamount com-
munities, especially where corals play a role in structuring the environment and providing 
habitats for other species.

Conclusions

Corals are important components of seamount ecosystems in terms of their diversity and 
their role in providing habitat for other species. It is likely that trophic focusing plays 
a signifi cant role in maintenance of seamount coral communities. Other physical factors 
at scales from metres to thousands of kilometres also play signifi cant roles in determin-
ing the distribution of coral on seamounts. The different coral groups respond to these 
factors in contrasting ways, leading to differences in regional and vertical distribution. 
Knowledge of the life history of corals on seamounts is limited, although patterns of sexu-
ality, larval development and timing of reproduction vary amongst the species that have 
been studied. It is now understood that many species of deep-sea corals are slow growing 
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and long lived. The conservative life history of corals and their fragility means that they 
are vulnerable to impacts from deep-sea fi shing, especially trawling. However, corals are 
also sensitive to changes in the physical environment and the effects of global climate 
change represent a signifi cant threat to corals on seamounts and other habitats globally.
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Chapter 9

Seamount fi shes: ecology and life histories

Telmo Morato and Malcolm R. Clark

Abstract

Seamounts are biologically distinctive open ocean habitats exhibiting a number of unique 
features. They have received much attention mainly because of the presence of substantial 
aggregations of mid- and deep-water fi sh, which have became the target of highly devel-
oped commercial fi sheries. Based on life history and ecological characteristics, several 
authors have placed ‘seamount fi shes’ at the extreme end of the vulnerability spectrum. 
Although the terms ‘seamount’ and ‘seamount-aggregating’ species are in general use, no 
rigorous criteria yet exist to identify these taxa. Some of the best-known representatives 
of ‘seamount-aggregating fi shes’ include deep-water fi shes like orange roughy, alfonsinos, 
Patagonian toothfi sh, oreos, and pelagic armourhead. Many other fi sh species also occur 
on seamounts or congregate over their summits to feed. This may be the case for some 
sharks, tunas, and other large pelagic predators. Other fi sh species aggregate around shal-
low seamounts mainly for spawning, such as reef-associated fi sh like serranids and jacks. 
This chapter describes seamount fi sh species, evaluates their adaptations to ecological 
conditions on seamounts, and describes life history characteristics of frequently occurring 
seamount species.

Can a ‘seamount fi shes’ category be defi ned?

What are ‘seamount fi shes’? This is a simple question, yet the answer remains elusive. The 
designation of ‘seamount fi shes’ or seamount species has been widely employed (Koslow, 
1996; Probert et al., 1997; Probert, 1999; Koslow et al., 2000; Fock et al., 2002; Tracey 
et al., 2004) however the criteria used in identifying those taxa are rarely defi ned. Pioneer 
work (see Chapter 3) focused on the question of what species inhabit individual banks and 
seamounts? Since then, a large number of studies have described the fi sh fauna inhabiting 
these features. The results of early studies have been summarized in a number of reviews 
(Wilson and Kaufmann, 1987; Rogers, 1994; Froese and Sampang, 2004; Morato et al.,
2004), and so exhaustive lists are not given here.

Most fi sh species appear to occupy a range of habitats. The issue is how to distinguish 
obligatory seamount dwellers from those more typical of other habitats, or species that span 
both. Many fi sh species occur on seamounts or congregate over their summits to feed due 
to enhanced levels of planktonic production, hydrographic retention mechanisms such as 
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eddies, or because they are able to remain close to the bottom yet reach shallower depths
(see Chapters 4, 5, 10, 12, and 14). This may be the case for some commercially important
species of deep-water fi sh, such as orange roughy, Hoplostethus atlanticus, pelagic 
armourhead, Pseudopentaceros wheeleri, oreosmatids, such as Allocyttus niger and 
Pseudocyttus maculatus, and alfonsinos, Beryx spp. and some sharks (see Chapter 10B; 
Klimley et al., 1988; Hazin et al., 1998), tunas (see Chapter 10A; Holland et al., 1999; 
Itano and Holland, 2000; Sibert et al., 2000), and other large pelagic predators (see 
Chapter 12; Ward et al., 2000; Sedberry and Loefer, 2001).

A range of fi sh species periodically aggregate around shallow seamounts for spawn-
ing; for instance, reef-associated fi sh like serranids (Mycteroperca rosacea, Paranthias 
colonus) and jacks (Caranx sexfasciatus, Seriola lalandi) (Sala et al., 2003). Recently, 
Tsukamoto et al. (2003) discovered the spawning site of the Japanese eel (Anguilla
japonica) in the northwest Pacifi c near to three seamounts, 2000–3000 km away from their 
freshwater habitats. Further examples are the deep-bodied species of the orders Zeiformes 
(mainly the genera Antigonia, Capros, Zenopsis, and Cyttopsis) and Syngnathiformes (in 
particular the genus Macroramphosus), which are the dominant fi shes in depths greater 
than 500 m at the Great Meteor Seamount in the central eastern Atlantic (Fock et al.,
2002). These fi sh are also the main prey of large demersal predators inhabiting the slopes 
of the Azores islands and seamounts (Morato et al., 1999, 2000, 2001, 2003). However, 
as well as occurring on seamount features, they are among the most abundant fi shes from 
some adjacent continental shelves.

Coral reef scientists faced exactly the same problem when trying to provide a defi ni-
tion of ‘reef fi shes’ (see Choat and Bellwood, 1991; Bellwood, 1996, 1998; Robertson, 
1998). They fi rst tried to fi nd potential taxonomic and ecological characteristics that could 
distinguish coral fi sh assemblages from other fi sh assemblages (Choat and Bellwood, 
1991). They also proposed a consensus list of fi sh families that would better describe, 
not defi ne, a coral reef assemblage (Bellwood, 1996). They concluded from this list that 
most reef fi shes are characteristic of, but not restricted to, coral reefs (Bellwood, 1996). 
Coral reef scientists have yet to progress beyond the tautological defi nition of reef fi shes 
as those that live on coral reefs.

The defi nition of ‘seamount fi shes’ may be similar and involve the same redundancy 
with trying to defi ne a functional type of label that applies only in part to the ecology of 
the species: seamount fi shes are those individual fi shes that live on seamounts.

Several species found over and around seamounts have been intensely exploitated since 
the late 1970s because of their high abundance and good fl esh quality (see Chapters 16–18), 
changing the notion that deep-sea fi sh were too scarce and/or unpalatable to support com-
mercial fi sheries. Koslow (1996, 1997) found that ‘some fi shes occurring on seamounts’ 
differ markedly from other deep-water species in their relatively high levels of food con-
sumption and energy expenditure, low growth and productivity, a robust body composition, 
and a body plan suited for swimming in strong currents. By addressing this problem in an 
energetic perspective (see below), he concluded that they appear to form a distinct guild 
of ‘seamount-associated fi shes’ or ‘seamount-aggregating fi shes’ (Koslow, 1996; Koslow 
et al., 2000).

In this chapter, we will consider ‘seamount fi shes’ as those species that live on 
seamounts, ‘seamount-aggregating fi shes’ as those that form large aggregations around 
these features and that comprise the main target for fi sheries on seamounts.
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What fi shes species occur on seamounts?

Seamount fi shes

Numerous studies have described the species richness and diversity of fi sh fauna on 
seamounts (see Chapter 13). In their global review of seamount biota, Wilson and 
Kaufmann (1987) reported some 450 fi shes collected from more than 60 seamounts. 
Rogers (1994) provided a list of 77 commercial species fi shed on seamounts. Since then, 
more detailed studies of certain seamounts and seamount chains provide more compre-
hensive species lists, especially with an increase in exploratory fi shing in the last two dec-
ades (e.g., Parin et al., 1997; Koslow and Gowlett-Holmes, 1998; Grandperrin et al., 1999; 
Fock et al., 2002; Clark and Roberts, 2003; Moore et al., 2003; Tracey et al., 2004). Froese 
and Sampang (2004) found 535 fi sh species recognized as seamount fi shes. Morato et al.
(2004) augmented Froese and Sampang’s (2004) list from additional sources and com-
piled a total of 798 species of seamount fi shes.

These last two studies present the most comprehensive checklist of seamount fi shes, 
even if incomplete. Although the number of known seamount fi shes is comparatively small 
(2.8% of known species), they encompass a third of fi sh families (165 of 515 known), and 
about half of the orders. They thus represent a relatively large and unique portion of fi sh 
biodiversity (Froese and Sampang, 2004). They have a range of different habitat prefer-
ences (associations), as defi ned in ‘Fishbase’ (an online fi sh database: www.fi shbase.org).
Forty-three species are pelagic, 94 reef associated, 118 demersal, 68 benthopelagic, 223 
bathypelagic, and 252 bathydemersal. A large proportion of the seamount fi sh commu-
nity is composed of deep-sea fi shes, but many shallow-water species are also known to 
occur on these features (Fig. 9.1). According to Froese and Sampang (2004), only six 
seamount fi shes are included in the 2000 IUCN (World Conservation Union) Red List
(Hilton-Taylor, 2000): Sebastes paucispinis is listed as ‘critically endangered’, Sphoeroides 
pachygaster and Hexanchus griseus are listed as ‘vulnerable’, and Squalus acanthias,
Dalatias licha, and Prionace glauca are listed as ‘lower risk, near threatened’. Other 
seamount fi shes have not been evaluated so far.

Seamount-aggregating fi sh

Morato et al. (2006) compiled a list of 23 fi sh species that could fall into the ‘seamount-
aggregating’ category (Table 9.1). They acknowledge that this list is preliminary and its 
accuracy will improve as we gain more knowledge about the ecology of seamount and 
deep-water fi sh species. Some of the most well-known representatives of this group 
include the deep-water fi shes: orange roughy, alfonsinos (Beryx splendens and B. deca-
dactylus), Patagonian toothfi sh (Dissostichus eleginoides), oreos, pelagic armourhead, 
several species of rockfi shes (Sebastes spp.) (Koslow, 1996; Koslow et al., 2000) and the 
roundnose grenadier (Coryphaenoides rupestris) (Vinnichenko, 2002a). These species
are the main targets of large-scale fi sheries that occur on top and around seamounts
(see Chapter 17).

Studies of fi sh composition on seamounts have often reported high levels of endemism, 
exceeding 40% in one case (e.g., 12%, Wilson and Kaufmann, 1987; 44%, Parin et al., 
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Fig. 9.1 Number of seamount fi sh species with known depth distribution (n 	 694) by lower end of their depth 
range (adapted from Froese and Sampang, 2004; Morato et al., 2004).

Table 9.1 ‘Seamount-aggregating’ fi sh species (sensu Koslow 1996).

Species Aggregation Reference

Alepocephalus bairdii Maybe Piñeiro et al. (2001), Allain et al. (2003)
Allocyttus nigera True Koslow (1996), Koslow et al. (2000)
Allocyttus verrucosusa Maybe Froese and Pauly (2003)
Aphanopus carbob True Vinnichenko (2002b)
Beryx decadactylus True Koslow et al. (2000), Vinnichenko (2002a)
Beryx splendens True Koslow (1996), Koslow et al. (2000), Ramos et al.
   (2001), Vinnichenko (2002a)
Coryphaenoides rupestris True Hareide and Garnes (2001), Shibanov et al. (2002)
Dissostichus eleginoides True Koslow et al. (2000)
Epigonus telescopus* True Hareide and Garnes (2001), Vinnichenko (2002b)
Hoplostethus atlanticus True Koslow (1996), Koslow et al. (2000), Hareide and
   Garnes (2001), Shibanov et al. (2002)
Hoplostethus mediterraneus Maybe Piñeiro et al. (2001)
Lepidion eques* Maybe Piñeiro et al. (2001)
Mora moro Maybe Piñeiro et al. (2001)
Neocyttus rhomboidalis*,a Maybe Allain et al. (2003)
Pseudocyttus maculatusa True Koslow (1996), Koslow et al. (2000)

(Continued)
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1997; 29–34%, Richer de Forges et al., 2000; 12%, Froese and Sampang, 2004). Estimates 
can be variable, as some studies found little evidence of endemic seamount fi sh species. 
None of the fi sh species recorded by Tracey et al. (2004) on New Zealand seamounts were 
regarded as endemic to any seamount, seamount chain, or even region. These data were, 
however, from trawls designed to capture relatively large-bodied fi shes which tend to have 
wider distributions. Small sampling gear used off Tasmania revealed previously unknown, 
and probably endemic, species of Paralaemonena (family Moridae) and Cataetyx (family
Bythitidae) (Koslow and Gowlett-Holmes, 1998). The number of seamount endemic 
species or the number of fi sh that live only on seamounts is still unknown. Froese and 
Sampang (2004) speculated that of the 535 seamount fi shed they identifi ed, 62 species are 
reported from only one seamount, suggesting a high rate of endemism (see Chapter 8). 
Generally, studies focus on the samples collected from the seamount features, and have 
not considered how specifi c the species composition is to seamounts (see Chapter 13).

Ecological conditions existing on seamounts that require 
certain adaptations by fi sh

There is some evidence of localized upwelling and eddies around seamounts (Genin et al., 
1986; Boehlert, 1988; Lueck and Mudge, 1997). This may enhance primary productivity 
near the surface (Genin and Boehlert, 1985), but it is unlikely that water could be retained 
around a seamount long enough for productivity to work its way through the food web to 
the higher trophic level fi sh residing on the seamount itself. Evidence for enhanced primary 
production leading to concentrations of fi sh over seamounts is sparse (see Chapters 4 and 5).

Several studies support the hypothesis that seamounts sustain large fi sh communities by 
trapping migrating, vertically migrating, or advected prey (see Chapter 5) rather than by 
any increase of primary productivity resulting from current topography interactions, which 
might increase levels of nutrients in oligotrophic waters found over and around seamounts 
(e.g., Genin et al., 1988). In addition to the trapping of migrating prey (Rogers, 1994), 
the regular fl ow of organisms over and past seamounts may support fi sh populations

Table 9.1 Continued

Species Aggregation Reference

Pseudopentaceros richardsoni True Vinnichenko (2002a)
Pseudopentaceros wheeleri* True Rogers (1994), Koslow (1996), Koslow et al. (2000)
Sebastes entomelas*,c Maybe Parker and Tunnicliffe (1994)
Sebastes helvomaculatus*,c Maybe Parker and Tunnicliffe (1994)
Sebastes marinus True Hareide and Garnes (2001)
Sebastes mentella True Shibanov et al. (2002)
Sebastes paucispinisc Maybe Parker and Tunnicliffe (1994)
Sebastes ruberrimusc Maybe Parker and Tunnicliffe (1994)

Maybe: available data indicate that these species may aggregate on seamount.
*Intrinsic vulnerability index not estimated due to the lack of suffi cient parameters.
aForming large shoals over rough ground near pinnacles and canyons.
bNot a typical seamount-aggregating fi sh.
cJuveniles form large schools.
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(Tseytlin, 1985; Koslow, 1997). Aggregations of seamount fi shes do however appear to sub-
sist very near the margin of energetic sustainability (see Chapters 14 and 15; Koslow, 1997).

Seamounts may also act as pockets of suitable bathymetry where demersal fi shes are able 
to remain close to the bottom at lesser depths than the surrounding seafl oor. Seamounts with 
peaks that may interrupt the bottom of the deep scattering layer effectively bring food to the 
fi sh rather than the fi sh having to ascend into midwater to feed on their zooplankton prey 
(see Chapter 14). The prey of many commercial demersal fi shes, such as orange roughy 
(e.g., Rosecchi et al., 1988) and alfonsino (e.g., Horn and Massey, 1989) is benthopelagic.

How seamount specifi c are ‘seamount fi shes’?

There is no question that some species aggregate over or around seamounts, whether for 
spawning or feeding purposes (e.g., Rogers, 1994), but how does this relate to areas of 
fl atter terrain on the adjacent continental shelf or slope? Tracey et al. (2004) examined 
the species composition and abundance of fi sh from trawl surveys on seamounts and sur-
rounding slopes in deep-water areas around New Zealand. They found a consistent pattern 
of lower total species richness on seamounts than on the adjacent slope, and suggested 
this may be due in part to seamounts having less soft sediment than the slope (and there-
fore restricting some fi sh species which require soft sediment habitat). They observed that 
even though some species could be classed as characteristic of seamounts, for example 
orange roughy were found on all 10 seamounts surveyed, they were not obligate seamount 
dwellers were, but found widely on the open slope as well. Only one species (black oreo
A. niger) occurred more frequently in seamount than slope tows.

Koslow (1997) described several characteristics of seamount-aggregating species 
around Australia. He noted attributes of high levels of food consumption, relatively high-
energy expenditure, low growth rates, robust body form and composition designed for 
strong swimming. Orange roughy, oreosomatid fi shes, pelagic armourhead, and redfi sh 
were recognized as having several of these characteristics. As these species are also found 
on slope areas, it is unclear how typical these fi ndings are, especially those of food con-
sumption and energetic rates. Orange roughy distribution on seamounts can also vary with 
times of the year, with certain seamounts acting as spawning sites (and during spawn-
ing the fi sh do not feed). Fish can migrate to and from the spawning seamounts. There 
may also be resident and migratory components of an orange roughy population, which 
might explain how the fi sheries often contract from occurring throughout much of the 
year initially, to being restricted to the spawning period (Clark and Tracey, 1994). The 
distribution of orange roughy outside the spawning season appears to be a combination 
of dispersed fi sh over a wide area of the slope, and feeding aggregations on seamounts. 
Energetic adaptations may differ between these ‘types’ but no data were found.

What can infl uence seamount fi sh abundance?

There is a considerable literature dealing with the composition of fi sh assemblages, 
and their association with various environmental factors. Aspects of bottom depth, 
latitude, longitude, sediment type, bottom temperature, and oceanographic water masses 
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are frequently recorded as important in determining fi sh species composition and abun-
dance (e.g., Haedrich and Merrett, 1990; Koslow, 1993; Koslow et al., 1994; Francis
et al., 2002). Seamounts affect local ocean circulation. Current fl ow can be interrupted by 
tidal mixing and localized upwellings and eddies are common around these features. The 
dynamics of these interactions and their effect on biological processes are by no means 
fully understood (see Chapter 4; Owens and Hogg, 1980; Robinson, 1981; Roden et al.,
1982; Roden, 1987; Genin et al., 1989; Eriksen, 1991).

Other studies have addressed the role of environmental factors in explaining species 
diversity, dominance, or rarity, of seamount fauna; but most have carried out more gen-
eral examinations of benthic fauna as well as fi sh. Rogers (1994) concluded that there was 
morphological and genetic evidence that populations of some seamounts organisms are 
distinct from populations located on other seamounts, the abyssal plain and continental 
shelf. Some of the major studies were further summarized by Stone et al. (2004), which 
indicated mixed results, although they also concluded that high levels of endemism were 
hard to explain if seamount faunas were not isolated to an extent (see Chapters 8 and 13). 
Wilson and Kaufmann (1987) concluded that deep seamount biota were dominated by 
widespread or cosmopolitan species as opposed to shallow seamounts that comprised equal 
amounts of regional and widespread species. Boehlert et al. (1994) described seamount 
populations as ‘dependent’ due to different larvae settling on different seamounts.

Clark et al. (2001) examined the relationships between physical variables and the size 
of orange roughy populations on New Zealand seamounts. Multiple regression procedures 
were used to model the effects of the physical variables. Seamount location, depth of the 
peak, slope of the seamount fl anks, and geological ‘association’ (continental/oceanic) 
were signifi cant factors in determining stock size in various analyses. These are cred-
ible explanations for variability in species composition and abundance, but there was a 
wide scatter in the data, and results were somewhat inconsistent between seamounts. This 
refl ects the numerous observations that the benthic and fi sh fauna on nearby seamounts 
can vary considerably (e.g., Wilson and Kaufmann, 1987; Koslow et al., 2001; Richer de 
Forges et al., 2000).

Life history characteristics of seamount fi shes and
seamount-aggregating fi shes

Studies on the life history of seamount fi shes have focused on a few of the main commercial 
species, such as orange roughy (e.g., Gordon and Duncan, 1987; Koslow et al., 1995; Horn 
et al., 1998; Branch, 2001; Lorance et al., 2002); oreos (e.g., Clark et al., 1989; Conroy 
and Pankhurst, 1989; Lyle and Smith, 1997); redfi sh (e.g., Cailliet et al., 2001); roundnose 
grenadier (e.g., Bergstad, 1990; Atkinson, 1995; Elekseyev, 1995; Kelly et al., 1996, 1997; 
Allain, 2001; Lorance et al., 2001); Patagonian toothfi sh (Horn, 2002); and alfonsinos 
(Lehodey et al., 1997; Rico et al., 2001; Gonzalez et al., 2003). These show a wide range 
of life history strategies and biological parameter values. Based on the specifi c life history 
and ecological characteristics, several authors have placed seamount fi shes (mainly 
seamount-aggregating fi sh) at the extreme end of the vulnerability spectrum (Koslow, 
1997; Boyer et al., 2001; Branch, 2001; Clark, 2001). This probably relates mainly to the 
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characteristics exhibited by the deep species like orange roughy and oreos that typically 
have slow growth, high longevity, low fecundity, and low productivity (in a fi sheries sense).

Comparing basic life history characteristics

Is there anything about the life history of seamount-associated fi sh that might make them 
more vulnerable to over-fi shing than other deep-sea species? Morato et al. (2006) com-
piled life history characteristics of 14 000 ‘non-seamount fi shes’, ‘seamount fi shes’, and 
‘seamount-aggregating fi shes’. Data on longevity (TMax), age at maturity (Tm), asymp-
totic length (L∞), total fecundity (FT), von Bertalanffy growth parameter (K), and 
natural mortality rate (M), showed that seamount fi shes and, in particular, seamount-
aggregating fi shes, have life history traits (Fig. 9.2) that would make them more vulner-
able than non-seamount fi shes. They found that (Fig. 9.2a) seamount-aggregating fi sh 
have a longer lifespan (62.7 years) than seamount fi shes (41.5 years), and non-seamount 
fi sh (16.9 years). They also suggested that sexual maturation (Fig. 9.2b) occurs later for 
those species that aggregate on seamounts (12.8 years) than for the other two categories. 
Comparisons of natural mortality rate (Fig. 9.2c) and the von Bertalanffy growth param-
eter (K) (Fig. 9.2d) among the three categories of fi shes show similar, but reciprocal, 
trends in longevity and age at maturity. Seamount-aggregating fi shes have the lowest 
natural mortality and von Bertalanffy growth parameter (mean M	0.16 and mean K	

0.10), while non-seamount fi shes have the highest among the three fi sh categories (mean 
M	1.05 and mean K	0.57). A vulnerability index (Morato et al., 2006) indicated 
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Fig. 9.2 Comparison of some life history characteristics of ‘non-seamount fi sh’ species (non-SMT), fi sh
occurring on seamounts (SMT), and ‘seamount-aggregating’ species (SMT-AGG): (a) longevity (TMax), (b) age 
at maturity (Tm), (c) natural mortality (M), and (d) von Bertalanffy (VB) growth parameter (K). In the graphs the 
middle point is the mean, the box is the mean � SE, and the whisker is the mean � 95% CL.
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seamount species were more at risk than species that did not occur on seamounts, and that 
aggregating species were even more vulnerable (see later section).

In general, these fi ndings accord with the life history qualities for ‘seamount fi shes’ 
proposed by Koslow (1996, 1997). It must however be stressed that such generalizations 
need to be applied carefully. There is considerable variability in life history parameters 
between seamount species. The overall productivity of alfonsino, for example, is much 
greater than for orange roughy. The number of species included may also infl uence the 
results (see Morato et al., 2006). As we gain more knowledge of what lives on seamounts 
and what aggregates there, we will be able to further evaluate these fi ndings.

Recruitment

Recruitment level is a key element in the sustainability of any fi shery and its consistency 
over time. As discussed earlier, the life history characteristics of species associated with 
seamounts are highly variable; hence one cannot generalize about what patterns of any 
single biological factor may apply. Many of the deeper seamount species exhibit relatively 
high longevity, with important implications for recruitment.

A number of studies comparing species with differing life histories found a positive 
relationship between longevity and recruitment variability: the longer the lifespan of 
a species, the more time it has to breed successfully, and therefore it may have longer 
period between good year classes (Leaman and Beamish, 1984; Spencer and Collie, 
1997; Longhurst, 2002). Longhurst (2002) reviewed information on a number of species 
from seamounts and offshore banks. He referred to research indicating that 10 species of 
Pacifi c coast rockfi sh (Sebastes spp.) had all experienced about 25 years of poor recruit-
ment since 1977–1978 and S. paucispinis has a recruitment/stock ratio, which varied by a 
factor of 1790. Northeast Atlantic rockfi sh (‘redfi sh’) have recruitment pulses every 5–10 
years with almost nothing between. Golden redfi sh in Icelandic waters also have intermit-
tent good year classes – only two were observed, for example, in 15 years of surveys in 
Icelandic waters between 1985 and 2000 (Bjornsson and Sigurdsson, 2003).

Orange roughy also appear to have extensive periods of depressed recruitment. Francis 
and Clark (2005) reported estimates of trends in the abundance of orange roughy cohorts 
from New Zealand, which indicated 10–20 years of below average year class strength for 
several stocks (although they noted that these fi ndings were not based on age data, but 
on model outputs). Similar fi ndings were made by Koslow and Tuck (2001) for the main 
Australian orange roughy fi shery around Tasmania.

Recruitment success is widely regarded as primarily dependent upon environmental 
conditions. The extremely episodic recruitment of some of seamount fi sh species suggests 
that seamounts or offshore banks are unstable oceanographic environments compared to 
the continental shelf and slope (e.g., Myers and Pepin, 1994). This has also been sug-
gested for haddock (Melanogrammus aeglefi nus) on Rockall Bank. This stock recruits 
strongly only in exceptional years when an anticyclonic Taylor column above the bank is 
present for a suffi ciently long period to retain haddock larvae during their entire plank-
tonic phase (Dooley, 1984).

The evidence seems overwhelming that the life history traits of each species are tuned 
to match the problems posed by its natural habitat (Longhurst, 2002). This must be taken 
into account if such fi sheries are to be managed in a sustainable manner.
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Residency

The degree of residency of seamount species is an important issue in defi ning the degree 
to which a species is regarded as ‘seamount’ associated. However, little is known about 
individual fi sh movements around and between seamounts.

Pelagic armourhead on Hawaian seamounts have a peculiar life history. Juveniles 
spend the fi rst 1–2 years of their lives in near surface waters where they build up large fat 
reserves. The fi sh then become resident on a seamount for the remaining 3–4 years of life 
during which time the fat reserves are depleted (Humphreys et al., 1989).

Extensive migrations may occur with alfonsino. Alekseev et al. (1986) suggest that 
alfonsino stocks may have differing distributions at various stages of their life history. 
Oceanic eddy systems disperse eggs and larvae, and juveniles are separated from adults. 
Once sexually mature, they migrate back to the parent spawning stock. Tagging studies in 
Japan however indicate that fi sh do not migrate over large distances in periods of a year 
or less (Masuzawa et al., 1975). Regular annual spawning migrations do not appear com-
mon. Short-term migrations are unlikely in New Zealand waters, where the size structure 
remains relatively consistent between fi shing grounds sampled over a 12-month period. 
There is evidence from New Zealand studies that some age-specifi c migration may occur 
between seamounts (Horn and Massey, 1989). Alfonsino off New Caledonia are pelagic 
as larvae and juveniles for several months, and then become more demersal on shallow 
seamounts (Lehodey and Grandperrin, 1996), later moving to deeper features as they 
become larger.

Seamount aggregations may vary in composition (mixed species), density, and abun-
dance. Localized aggregations often occur in predictable locations in predictable seasons, 
making them particularly vulnerable to overexploitation. They can also be dynamic, mov-
ing around various fl anks of the seamounts, and also into the midwater zone, where they 
are relatively inaccessible to bottom trawling. Heavy fi shing pressure on orange roughy is 
thought to cause smaller-sized aggregations to break up and disperse (Clark and Tracey, 
1991), which can provide some protection from extreme depletion, although such disrup-
tion to spawning aggregations may have longer-term implications for spawning success 
and sustainability of the population.

Vulnerability of ‘seamount fi shes’ to fi shing

Responses of a fi sh species to exploitation may be partly determined by life history and 
ecological characteristics (Cheung et al., 2005). Fish that mature late and have low growth 
and mortality rates, likely have higher vulnerability to fi shing. Species that display social 
aggregation behaviours such as shoaling, schooling (Pitcher and Parrish, 1993), or shoal 
spawning may also have higher vulnerability because of increased catchability, leading 
to hyperstability of catch rates (Hilborn and Walters, 1992; Pitcher, 1995, 1997; Walters, 
2003), and the possible disruption of spawning behaviour by fi shing.

Morato et al. (2006) used a fuzzy expert system developed by Cheung et al. (2005) to 
predict intrinsic vulnerability to fi shing. Cheung et al. (2005) defi ned intrinsic vulnerabil-
ity as the inherent capacity to respond to fi shing that relates to the fi sh’s maximum rate of 
population growth and strength of density dependence: a fuzzy expert system classifi es 



180  Seamounts: Ecology, Fisheries & Conservation

fi shes into different levels of vulnerability based on basic life history and ecological char-
acteristics. The input variables include maximum length, age at fi rst maturity, longevity, 
von Bertalanffy growth parameter (K), natural mortality rate, fecundity, strength of spatial 
behaviour, and geographic range. Heuristic rules were incorporated to describe the relation-
ships between these biological traits and fi sh’s intrinsic vulnerability, through which the lat-
ter can be predicted. Intrinsic vulnerability was expressed on an arbitrary scale from 1 to 
100, with 100 being the most vulnerable. Comparisons with empirical data showed that the 
fuzzy expert system successfully predicted the intrinsic vulnerability of fi shes to fi shing.

Morato et al. (2006) predicted the intrinsic vulnerability for 1600 species of fi sh for 
comparison between ‘non-seamount fi shes’, ‘seamount fi shes’, and ‘seamount-aggregating 
fi shes’. They showed that seamount-aggregating fi shes have a higher intrinsic vulnerability 
to exploitation than other fi shes (Fig. 9.3). Median intrinsic vulnerabilities of 45.0, 51.8, and 
68.2 were estimated for ‘non-seamount fi shes’, ‘seamount fi shes’, and ‘seamount-aggregating
fi shes’. The results confi rmed that seamount-aggregating fi shes are at the extreme end of 
the vulnerability spectrum (Koslow, 1997; Boyer et al., 2001; Branch, 2001; Clark, 2001). 
However, as fi sh vulnerability was strongly related to depth range, seamount association, as 
in the ‘seamount fi shes’ group, may not be the proximal factor. Higher vulnerability of fi sh 
found at seamounts may be compounded because more deep-water species, which are more 
vulnerable, are included in this category and deep-sea species aggregate on seamounts.
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Fig. 9.3 Intrinsic vulnerability (VI) index for fi sh species not occurring on seamounts (non-SMT), occurring on 
seamounts (SMT), and ‘seamount-aggregating’ species (SMT-AGG). In the graphs the middle point is the median, 
the box the 25–75% percentiles, and the whisker is the range.

Morato et al. (2006) have also shown that the intrinsic vulnerabilities estimated 
from the fuzzy system were signifi cantly related to population declines of marine fi sh 
groups caused by fi shing. Groups of species with higher vulnerabilities had larger bio-
mass declines than species with lower vulnerabilities. Even at modest levels of fi shing, 
seamount-aggregating species were depleted, not sustained. The high vulnerability raises 
serious conservation concerns about the exploitation of seamount fi shes (see Chapter 20).
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Management implications of ‘seamount fi shes’

This chapter casts serious doubt on the long-term sustainability of seamount fi sheries. 
Simulation work by Morato et al. (2006) suggested that exploitation rates of more than 
5% are not sustainable (see Chapter 15). Examples from all over the world have shown 
the ‘boom and bust’ pattern of seamount trawl fi sheries (see Chapters 17, 19, and 20), 
with rapid stock reduction and serial depletion of successively exploited new seamounts
(Fig. 9.4a–f). The case of the orange roughy, a ‘seamount-aggregating fi sh’, is well known. 
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Fig. 9.4 Time series data (catch, biomass, or CPUE) for several seamount fi sheries as proportion of the maxi-
mum value observed for the time period covered: (a) catches from the South Azores Area by the Soviet/Russian 
fi sheries (9 seamounts; targeting alfonsino, B. splendens and scabbardfi sh, L. caudatus); (b) catches from the 
Corner Rise by the Soviet/Russian fi sheries (3 seamounts; targeting alfonsino); (c) catches from the Mid-Atlantic 
Ridge by the Soviet/Russian fi sheries (34 seamounts; targeting roundnose grenadier, C. rupestris); (d) CPUE by 
Japanese trawlers fi shing the seamounts in international waters beyond the Hancock Seamounts (targeting Pelagic 
armourhead, P. richardsoni); and (e) estimated trawl survey abundance indices for the northeast Chatham Rise 
orange roughy stock (in 1994 shows two alternative estimates). (a)–(c) and (f) adapted from Vinnichenko (2002a);
(d) adapted from Humphreys and Moffi tt (1999); (e) adapted from Clark et al. (2000); (f) CPUE by Soviet/Russian 
fi sheries in the Mid Atlantic Ridge.
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In Namibian waters, orange roughy were fi shed down to 10% of virgin biomass in 6 years 
(Branch, 2001), while in Australia biomass levels dropped to 7–13% in about 15 years 
(Lack et al., 2003). The orange roughy stocks in New Zealand have been fi shed down to 
varying degrees (Clark, 1995; Francis and Clark, 2005), with most below the target level 
of 30%, and many below 20%. Serial depletion occurred with a number of seamount-
based fi sheries (Clark, 1999). The main stock on the Chatham Rise was depleted to levels
of 15–20%, although strong management action has reduced catch levels, and stock 
assessment models indicate the population may now be rebuilding (Clark, 2001). Annual 
sustainable levels of fi shing have been estimated to be less than 2% of virgin biomass 
(Francis et al., 1995), which may not be economically viable. Another example is Russian 
fi shing on seamounts at the Mid-Atlantic Ridge (see Chapter 17).

Vinnichenko (2002a) showed that the total catch (mainly of alfonsino and scab-
bardfi sh Lepidopus caudatus) at nine seamounts in the South Azores area and in three 
seamounts at the Corner Rise area declined, in each area, from 12 000 t to below 2000 t 
in just 2 years. In a larger area of the ridge that included 34 seamounts, catches declined 
from 30 000 t to below 2000 t in about 15 years (mainly roundnose grenadier and orange 
roughy). Highest catches and CPUE (catch per unit of effort) were typically observed dur-
ing the fi rst years after the beginning of the fi shery. These rates substantially decreased
(to the point of economic collapse) and remained low over a long period of time. In some 
cases, even small catches caused lower density and stability of the aggregations. In some 
areas catches increased again after several years but they did not reach the initial level. 
The high vulnerability of ‘seamount fi shes’ should encourage a high level of precaution in 
managing seamount resources.
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Chapter 10A

Fish visitors to seamounts: Tunas and 
billfi sh at seamounts

Kim N. Holland and R. Dean Grubbs

Abstract

A growing body of data from a variety of sources indicates that seamounts exert a strong 
infl uence on the behavior and distribution of tunas and other large, highly vagile pelagic 
fi shes. Fishing fl eets target seamounts and available catch data indicate that catch per unit 
effort (CPUE) is higher around seamounts than in adjacent areas of ocean (Fonteneau, 
1991; Campbell and Hobday, 2003). Two general hypotheses have been proposed to 
explain the high densities of large pelagic fi shes associated with seamounts. First, there 
may be enhanced food availability at seamounts relative to the surrounding areas. Second, 
seamounts may play a role as navigation aids in fi sh movements. These movements might 
be localized wherein the fi sh leave the seamount for short periods of time in search of 
nearby food or the seamount may act as a waypoint in larger, pan-oceanic migrations. 
Seamounts frequently have distinctive geo-magnetic signatures (Klimley, 1993), which 
may make them particularly important as navigation landmarks. The two general hypoth-
eses are not mutually exclusive – seamounts used as navigation ‘waypoints’ may also pro-
vide enhanced foraging opportunities. This chapter summarizes the available information 
on the interaction between pelagic fi sh species and seamounts and describes a suite of 
experiments aimed at understanding the behavior, dispersion and trophic ecology of tuna 
aggregations associated with the Cross Seamount near the Hawaiian Islands. Although 
focused on a specifi c seamount, the results of this case study give an indication of what 
factors might be at work at other seamounts around the world.

Introduction

Although most fi shers and fi sheries scientists believe that seamounts to be sites of 
increased densities of tunas and other pelagic species, empirical data to support this con-
tention are few. However, the data base is growing and comes from a variety of sources. 
These include analysis of fi shing boat log books, tagging experiments using traditional 
tag-and-recapture methods and various types of electronic tags and gut content analyses 
of fi sh captured seamounts.
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Logbook data from the international tuna fl eet (both pole-and-line and purse seiners) 
fi shing in the tropical eastern Atlantic showed enhanced tuna biomass associated with 
certain seamounts in the region (Fonteneau, 1991). The most enhanced CPUE was asso-
ciated with seamounts furthest from the continental shelf and at seamounts apparently 
embedded within adjacent areas of poor productivity. The catch comprised fairly equal 
proportions of sub-adult yellowfi n tuna (Thunnus albacares), bigeye tuna (T. obesus) and 
small adult skipjack tuna (Katsuwonus pelamis). In Hawaii, the Cross Seamount produces 
very high catch rates relative to adjacent areas with approximately a 3:1 ratio of sub-adult 
bigeye to yellowfi n tuna (Itano and Holland, 2000; Adam et al., 2003). An exhaustive 
analysis of swordfi sh (Xiphias gladius) catches from the eastern Australian fi shery indi-
cated that seamounts in the Tasmantid and Lord Howe chains supported enhanced densi-
ties of swordfi sh that were subsequently eliminated as the fi shery matured (Campbell and 
Hobday, 2003). The authors suggested that the unfi shed population might have contained a 
sub-population of seamount-associated swordfi sh that could not replenish itself once 
the overall population was reduced by fi shing activity. Enhanced densities of tuna at 
seamounts probably also support enhanced densities of tuna predators such as billfi shes 
and mako (Isurus oxyrhincus), thresher (Alopias spp.) and cookie cutter sharks (Isistius
brasiliensis). These species are all reported as occurring in seamount communities 
(Rogers, 1994).

Data from a variety of tagging studies also indicate that seamounts exert great infl u-
ence over tuna movements. One of the more extensively studied seamounts is Espiritu 
Santo in the Gulf of California. This seamount, which comes to within 18 m of the sur-
face, supports a broad assemblage of pelagic species including yellowfi n tuna and ham-
merhead sharks (Sphyrna lewini) (Klimley and Butler, 1988). By placing individually 
coded sonic transmitters in yellowfi n tuna and placing acoustic data loggers (‘listening 
stations’) on the seamount, Klimley and colleagues (2003) observed residence patterns 
ranging from less than a day to over a year. Regardless of their overall length of stay, 
individual tunas were constantly moving in and out of range of the receivers suggesting 
they were using this seamount as a base of operations for short-range foraging excur-
sions. Similar seamount-based excursions were observed in a skipjack tuna tracked using 
active acoustic telemetry around a seamount in the eastern Atlantic (Fonteneau, 1991). 
Hammerhead sharks associated with the Espiritu Santo seamount also used it as a base 
from which to launch nighttime foraging excursions (Klimley et al., 1988).

The fact that some of the yellowfi n tunas tagged at the Espiritu Santo seamount were 
only detected for a short time suggests that a portion of the fi sh were transient (Klimley 
et al., 2003). This pattern of behavior has been observed in Pacifi c bluefi n tuna (T. orientalis)
equipped with internally implanted data loggers. Two individuals interrupted what were 
otherwise very direct trans-Pacifi c westerly migrations to spend several days associated 
with the Emperor seamounts located west of the Hawaiian archipelago before proceeding 
to the bluefi n spawning grounds near Japan (C. Farwell, Personal communication). Results 
from tag-and-recapture experiments at the Cross Seamount (see below) also suggest
that for yellowfi n and bigeye tuna in the central Pacifi c seamounts may be part of larger 
movement patterns rather than a place of permanent habitation.

Two general hypotheses have been presented to explain the higher densities of tunas 
and other pelagic species found at certain seamounts. One is that seamounts may represent 
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navigational waypoints in larger movement patterns (Klimley, 1993; Holland et al., 1999; 
Klimley et al., 2003). The second holds that seamounts provide enhanced foraging oppor-
tunities for apex predators. Of course, these two hypotheses are not mutually exclusive. 
Seamounts often have distinct geo-magnetic signatures (Klimley, 1993) making the naviga-
tion hypothesis particularly applicable to species such as tunas and sharks that are known 
to be able to detect magnetic fi elds (Walker, 1984; Meyer et al., 2005). Intriguingly, in the 
Australian swordfi sh fi shery, there was a signifi cant negative relationship between the mean 
CPUE and the median magnetic anomaly associated with each seamount (R2 	 0.25, p �

0.016, n 	 23) raising the possibility that ‘swordfi sh are attracted to seamounts with strong 
negative magnetic anomalies’ (Campbell and Hobday, 2003).

The second hypothesis is that seamounts support enhanced forage communities for 
higher trophic level predators such as tunas and swordfi sh. Many possible mechanisms 
exist as discussed by Genin (2004). One commonly cited explanation is that seamounts 
may cause upwelling events that bring nutrient-rich waters into the photic zone resulting 
in enhanced primary productivity and resultant enrichment of higher trophic levels (Uda 
and Ishino, 1958; Boehlert and Genin, 1987; Genin, 2004). For this mechanism to infl u-
ence tuna distribution the enhancement phenomenon must persist long enough to result 
in enhancement of the nekton that are consumed by tunas. A period of 90 days may be 
required to turn an upwelling event in the tropical Pacifi c into forage suitable for skip-
jack tuna (Lehody et al., 1998). Such persistent upwelling may occur in locations such as 
the edges of continental shelves (Genin, 2004). An example can be found on the coast of 
western North America where certain topographic features are associated with seasonally 
high catches of albacore tuna (T. alalunga; Dotson, 1980). This mechanism does not seem 
to hold true for most mid-ocean locations where high tuna densities are found. Though 
possible in theory, the available data suggest that upwelling events associated with 
seamounts rarely reach the photic zone, and those that do are generally too short lived to 
signifi cantly enhance zooplankton production (Genin, 2004; Chapters 4 and 5).

Another mechanism whereby seamounts may provide enhanced forage is by increasing 
access to the mesopelagic boundary fauna (MBF). The MBF is found where the ocean 
fl oor rises shallower than 1200 m. It is typically patchy in distribution but is denser than 
the deeper bathypelagic assemblage that it replaces in the shallower depths (Reid et al.,
1991). These organisms form part of the deep scattering layer (DSL) that makes nocturnal 
vertical excursions toward the surface (Chapter 6). These mesopelagic prey may simply 
get swept over the seamount by prevailing currents, thereby increasing local availability 
to predators. Additionally, it has been demonstrated that some DSL organisms were capa-
ble of holding their position over the Hancock Seamount (an intermediate seamount in 
the northwestern part of the Hawaiian Ridge), and were not advected from the seamount 
even when faced with strong currents (Wilson, 1992; Wilson and Boehler, 2004). This and 
the fact that all life stages were present for the two dominant DSL species (one shrimp 
and one fi sh) suggest the populations of these particular species are resident (Wilson and 
Boehlert, 1993; Boehlert et al., 1994; Genin, 2004; Wilson and Boehlert, 2004).

Two additional plausible explanations for the enhanced availability MBF prey were pro-
posed by Genin (2004); the ‘feed-rest’ and ‘topographic blockage’ hypotheses. The com-
plex microtopography of a seamount provides calm shelter and may result in decreased 
current speeds at the benthic boundary layer, thereby increasing suitable habitat for some 
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MBF organisms. Genin (2004) proposed the ‘feed-rest’ hypothesis whereby micronekton 
may conserve energy by taking advantage of this calm habitat during the day, only swim-
ming into the water column during their nightly vertical feeding migrations. This may 
impart a signifi cant energetic advantage to the MBF associated with seamounts compared 
to those that are in open ocean and must swim constantly.

Another promising explanation is the ‘topographic blockage’ hypothesis whereby 
the pre-dawn migratory descent of mesopelagic organisms that are carried over the 
seamount during the night is temporarily halted by the seamount topography (Isaacs and 
Schwartzlose, 1965; Genin, 2004; Chapter 5). Such a mechanism could trap mesopelagic 
prey in illuminated waters at the foraging depth of tunas and other visual predators (Genin, 
2004). Fock et al. (2002) proposed this mechanism to explain the dominance of mesope-
lagic prey in benthopelagic predators on the Great Meteor seamount. As the biomass of 
trapped migrators is depth-dependent, the greatest concentration of trapped organisms 
should occur at seamounts of intermediate depth with plateaus between the bottom of the 
photic zone and 400 m (Genin, 2004; Chapter 5). Indeed the highest catches in ground-
fi sh fi sheries often occur on intermediate seamounts (Uchida and Tagami, 1984). We initi-
ated a series of tag-and-recapture experiments and stomach analyses at Cross Seamount 
to determine if enhanced forage availability was responsible for the high densities of tuna 
over seamounts and to determine the residence times of these tuna populations.

The Cross Seamount: a case study

The Cross Seamount is a prominent bathymetric feature located at 18°40�N, 158°10�W; 
�280 km South of Honolulu. It rises from depths of more than 4000 m to a minimum 
charted depth of 330 m. There are many other seamounts in the region, but the shallow-
est of these is the Pensacola Seamount at 624 m and most are deeper than 1000 m. These 
deeper seamounts are fi shed by the pelagic longline fl eet (Chapter 17) but none hold tuna 
aggregations comparable to the Cross Seamount (Itano and Holland, 2000). In recent years, 
the Cross Seamount has supported a signifi cant tuna fi shery conducted by small vessels 
less than 15 m in length that use a combination of trolling and jigging techniques (Chapter 
16). Landings have been relatively stable since the late 1980s at around 700 t/year (Hawaii 
Department of Aquatic Resources), although signifi cant underreporting may exist. Although 
originally described as a yellowfi n tuna fi shery, the catch is actually dominated (75%) by 
juvenile (sub-adult) bigeye tuna with juvenile yellowfi n composing the rest of the catch.

Residence time and dispersal patterns

Tag-and-recapture experiments were conducted on board small commercial fi shing ves-
sels targeting tuna schools associated with the Cross Seamount. Bigeye and yellowfi n 
tuna were tagged and released at the Cross Seamount as well as at other areas around 
the Hawaiian archipelago. Residence time at the seamount was determined by plotting 
an ‘attrition curve’ for the time at liberty of tunas recaptured at their point of release (i.e., 
the seamount). The results indicate that the seamount residence times of these two closely 
related species are signifi cantly different and, for both species, residence time is quite 
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brief (Holland et al., 1999). The ‘half life’ for yellowfi n was about 18 days as opposed 
to ~32 days for bigeye (Fig. 10A.1). Subsequent analysis of a slightly larger dataset indi-
cated a somewhat longer ‘half life’ for bigeye tuna of 97.6 � 18.5 days (Sibert et al.,
2000). Larger bigeye tended to remain at the seamount longer than smaller individuals 
(Adam et al., 2003). Of course, tag-and-recapture experiments are not able to distinguish 
between continuous residency and repeated revisitation to the seamount and the recapture 
of tagged fi sh at nearby locations (offshore weather buoys) indicates that a certain amount 
of ‘shuttling’ might occur. Nevertheless, it appears that bigeye tuna are associated with 
this feature signifi cantly longer than yellowfi n.
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Fig. 10A.1 Tag recapture attrition curves (semi-log plots with 95% confi dence contours) for bigeye and yellowfi n 
tuna tagged and released at Cross Seamount: (a) all recaptures from all locations throughout the Hawaii region; 
(b) recaptured at Cross Seamount (from Holland et al. 1999).
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For both species, the gross emigration rates from the seamount are around 70%. This 
means that most fi sh leave the seamount rather than being caught, but vulnerability to 
capture is higher for yellowfi n than for bigeye. Estimates of fi shing mortality for bigeye 
ranged from 5% to 12% vs 7% to 30% for yellowfi n, depending on the size class (Sibert 
et al., 2000; Adam et al., 2003). Patterns of recaptures away from the seamount indicated 
quite low recruitment into both the nearshore fi sheries and the open ocean longline fi sher-
ies. Recruitment into the longline fi shery only occurred after suffi cient time for the sub-
adult fi sh tagged at the Cross Seamount to reach the larger sizes typically captured by 
longline techniques (Adam et al., 2003).

The picture that emerges from the tag-and-recapture experiments is that both yellowfi n 
and bigeye tuna are quite brief visitors to the Cross Seamount. Yellowfi n pass through the 
area signifi cantly faster than bigeye tuna which typically stay several weeks, with the larg-
est fi sh staying longest. Although yellowfi n may only represent about 25% of the mixed 
tuna assemblage and are moving through the area faster than the bigeye tuna, yellowfi n are 
more vulnerable to fi shing mortality. This may be because they are closer to the surface 
and therefore more vulnerable to the types of fi shing gear used in this fi shery. Stated differ-
ently, because bigeye tuna numerically dominate the assemblage present at the seamount 
they also dominate the catch even though they are less vulnerable to the fi shing gear.

Trophic biology of seamount-associated tuna

We conducted a study of the trophic ecology of yellowfi n and bigeye tuna associated with 
the Cross Seamount. The research focused both on the feeding success of tuna captured 
at the seamount and on the types of prey that they were consuming. Data from ‘unassoci-
ated’ yellowfi n and bigeye tuna caught in the pelagic longline fi shery were used as a con-
trol by which to evaluate the potential trophic advantage of associating with the seamount. 
Most seamount-associated samples were collected at sea aboard a commercial handline 
vessel and most ‘unassociated’ samples were obtained from fi shery observers aboard 
commercial longline vessels. Additional samples were collected through port sampling.

We collected stomach contents by opening the peritoneal cavity at the opercular open-
ing, severing the esophagus, and excising the entire stomach. Large stomachs were ini-
tially injected with 10% phosphate-buffered formalin. All stomachs were immersed in 
the formalin solution for at least 72 h to ensure preservation. Samples were then stored 
in 50% ethyl alcohol until laboratory analysis. In the laboratory, stomachs were rinsed 
and all contents removed. We identifi ed each prey item to the lowest possible taxon and 
recorded the number, wet volume and digestion state of each prey taxon.

We used the percentage of empty stomachs, stomach repletion (percent capacity) and 
the number of prey items per stomach as proxies for foraging success. The signifi cance 
of differences in foraging success between the two tuna species and between seamount-
associated and unassociated tunas of each species was tested using a series of two-
sample t-tests assuming unequal variances. Stomach capacity was estimated for yellowfi n 
and bigeye tuna separately using the method of Knight and Margraf (1982). We divided 
samples into 5 cm intervals and plotted the maximum volume of stomach contents, includ-
ing bait, vs fork length for each interval. These data were used to derive the following 
regression equations that predict stomach capacity (C) as a function of fork length (FL).
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Yellowfi n tuna: C 	 0.0078 (FL2.4382) Bigeye tuna: C 	 0.0164 (FL2.2481) (10A.1)

We collected stomachs from 630 seamount-associated tunas (474 bigeye, 176 yellowfi n) 
and 214 unassociated tunas (138 bigeye, 76 yellowfi n). Analysis of foraging success indi-
cated that for bigeye tuna there is a signifi cant trophic advantage to associating with the 
Cross Seamount but this is not the case for yellowfi n tuna. The proportion of empty stom-
achs in seamount-associated yellowfi n tunas (27.8%) was much higher than for bigeye 
tunas (15.9%). For those yellowfi n tuna containing prey, stomach repletion and the number 
of prey per stomach were slightly higher when associated with the seamount as opposed 
to being in ‘open water’ but these differences were insignifi cant (Table 10A.1, Figs. 10A.2 
and 10A.3). By contrast, for bigeye tuna containing prey, stomach repletion when associ-
ated with the Cross Seamount was more than three times that of unassociated bigeye (Fig. 
10A.2) and the number of prey per stomach in seamount-associated bigeye was more than 
double that of unassociated bigeye (Fig. 10A.3). On the Cross Seamount stomach repletion 
for bigeye tuna was more than four times that of yellowfi n tuna (Fig. 10A.2). These differ-
ences were highly signifi cant (Table 10A.1) and held for all size classes (Fig. 10A.4). By 
contrast, when caught at locations away from the Cross Seamount, the feeding success of 
the two species was similar and there were no statistical differences in prey numbers per 
stomach or stomach repletion (Table 10A.1, Figs. 10A.2 and 10A.3).

Table 10A.1 Statistical comparison (t-tests) of foraging success by unassociated and seamount-
associated yellowfi n tuna and bigeye tuna in Hawaiian waters. Stomach fullness and the number of 
prey present in each stomach were used as proxies for foraging success.

t-statistic Probability

Seamount vs unassociated yellowfi n Prey #/stomach 0.097 0.9226
Seamount vs unassociated bigeye Prey #/stomach 5.467 �0.0001
Seamount vs unassociated yellowfi n Mean repletion 0.887 0.3802
Seamount vs unassociated bigeye Mean repletion 6.722 �0.0001

Yellowfi n vs bigeye – unassociated Prey #/stomach 0.817 0.4164
Yellowfi n vs bigeye – seamount associated Prey #/stomach 5.183 �0.0001
Yellowfi n vs bigeye – unassociated Mean repletion 0.873 0.3873
Yellowfi n vs bigeye – seamount associated Mean repletion 8.011 �0.0001
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Fig. 10A.2 Mean stomach repletion (percent capacity) for unassociated and seamount-associated yellowfi n and 
bigeye tunas in Hawaii. Sample sizes are reported parenthetically and only include non-empty stomachs (error 
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Differences were also apparent in the diversity and taxonomy of the prey consumed by 
the two species of tunas when associated with the Cross Seamount. Bigeye tuna consumed 
prey from 94 families compared with 67 families for yellowfi n while associated with the 
seamount. The rarity of some prey species suggested this could be due to differences in 
sample sizes. However, 87% of the families consumed by yellowfi n were also consumed 
by bigeye but only 57% of those families consumed by bigeye were consumed by yellow-
fi n. Nevertheless, the most abundant prey species were common for both tuna species (see 
fi gure 1 in Supplementary Material). The most dominant prey for bigeye tuna were cari-
dean shrimp of the family Oplophoridae (primarily Acanthephyra smithi and Systelaspis
debilis), followed by peneoid shrimp of the family Sergestidae (Sergia spp. and Sergestes
spp.), myctophid fi shes and several families of cephalopods. The most dominant prey for 
yellowfi n were sergestid shrimp followed by brachyuran crab megalopae, cephalopods and 
oplophorid shrimps. However, closer inspection indicated that although the two tuna spe-
cies were feeding on the same prey families, the species and life history stages of the prey 
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Fig. 10A.3 Mean number of prey per stomach for unassociated and seamount-associated yellowfi n and bigeye
tunas in Hawaii. Sample sizes are reported parenthetically and only include non-empty stomachs (error bars 	 SE).
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were different for the two tuna species. Unlike bigeye, yellowfi n tuna primarily consumed 
species of oplophorid shrimp and life stages of sergestid shrimp, which have vertical dis-
tributions that extend up into the surface mixed layer (Fig. 10A.5) whereas the bigeye 
consumed species and life history stages found in deeper sections of the water column. 
In summary, bigeye were eating a wider range of prey than yellowfi n tuna and apparently 
feeding throughout a deeper and more extensive portion of the water column.
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Fig. 10A.5 Relative percentage of oplophorid and sergestid shrimp in yellowfi n and bigeye tunas associated with 
the Cross Seamount. Diel depth distributions for prey are also shown.

Bigeye tuna appear to gain a signifi cant feeding advantage by associating with the Cross 
Seamount where they prey on mesopelagic organisms from the boundary fauna that are 
found where the ocean fl oor rises above 1200 m. By contrast, yellowfi n tuna feed on a dif-
ferent suite of organisms that are primarily found in the mixed layer and do not appear to 
switch their feeding strategy to take advantage of deeper seamount-associated organisms.

These gut content analyses are supported by what is known about the vertical distribu-
tion of these two tuna species. When moving through open water, away from seamounts 
and fl oating debris or man-made fi sh aggregating devices, yellowfi n tuna are predomi-
nantly found in the mixed surface layer and the thermocline that defi nes its lower bound-
ary. By contrast, bigeye tuna occupying the same geographic areas select much deeper, 
colder water and can be found in depths in excess of 500 m (Holland et al., 1990; Dagorn 
et al., 2000). Using internally implanted tags, Musyl and colleagues demonstrated that 
bigeye tuna retained this deep diving pattern when associated with the Cross Seamount 
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(Musyl et al., 2003). In fact, even the shallowest daytime depths were deeper at the 
seamount than when in the bigeye were in open water.

These behavioral data strongly suggest that the deeper diving exhibited by bigeye tuna 
enables them to access the enhanced MBF forage associated with the seamount both dur-
ing the day and at night. This would explain the dramatic difference in feeding success 
between sympatric bigeye and yellowfi n tuna. This disparity in feeding success also prob-
ably explains why bigeye tuna, and especially large specimens with the greatest thermal 
inertia, spend signifi cantly more time in association with the seamount than do yellowfi n 
tuna. A schematic representation of tuna behavior and trophic relationships is presented 
in Fig. 10A.6. The vertical distribution of bigeye and yellowfi n tunas in Fig. 10A.6a was 
interpolated from time-at-depth data from Holland et al. (1990) collected using ultrasonic 
telemetry. The vertical distribution of bigeye tuna during day and night in Fig. 10A.6b 
was interpolated from time-at-depth data collected by Musyl et al. (2003) using pop-off 
satellite archiving tags (PSATs) attached to four tunas collected at the Cross Seamount. 
Swordfi sh and bluefi n tuna are also known to make very deep daytime dives (Carey, 1990; 
Block et al., 2001) and their association with deep seamounts may also be driven by their 
ability to prey on MBF organisms during the day as well as at night.

Discussion

The results obtained from the Cross and Espiritu Santo seamounts and elsewhere suggest 
that the particular species mixture of pelagic apex predators associated with a seamount 
will be determined by the depth of the summit and the oceanographic characteristics of the 
surrounding waters. Of particular importance is whether the summit rises through the mes-
opelagic boundary zone or further up into the mixed layer and photic zone. For seamounts 
located in areas of persistent upwelling, there may be suffi ciently stable enhancement of 
productivity to support mixed layer species such as skipjack, albacore and yellowfi n tunas. 
Isolated seamounts that penetrate the photic zone may also support populations of these 
more surface-oriented species at densities that are somewhat higher than adjacent waters. 
Deeper seamounts can support enhanced densities of deeper diving tunas such as bigeye 
and bluefi n and swordfi sh by providing circumstances that make organisms of the mesope-
lagic boundary zone more accessible to predation during both day and night.

Seamounts may also act as navigational ‘waypoints’ in the larger movement patterns 
of these species – such a role is supported by tracks of bluefi n and bigeye tuna and of the 
quite brief residence times of yellowfi n tuna at the Cross and Espiritu Santo seamounts. 
Even bigeye tuna that seem to fare well at seamounts appear not to stay there for more 
than a few weeks and the overall biomass of tunas at seamounts is variable (Fonteneau, 
1991; Holland, Personal observation). This suggests that either the available forage 
resource becomes depleted or is swept away or that, regardless of feeding success, the 
tuna have innate tendencies to migrate that override the importance of localized feeding 
opportunities.

From a management perspective, there is little doubt that seamounts are very important 
in the life history strategies of tunas and in shaping their distribution patterns. Certainly, 
much of the human activity around seamounts is related to fi shing fl eets targeting tunas and 
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Fig. 10A.6  (a) Schematic of the vertical distribution of bigeye and yellowfi n tuna and the diel migration of meso-
pelagic shrimp in nearshore waters. Tuna distribution is based on sonic telemetry data from Holland et al. (1990). 
Mesopelagic migration is based on data for oplophorid shrimp from Ziemann (1975). (b) Schematic of the vertical
distribution of bigeye tuna during day and night while associated with the Cross Seamount relative to the diel 
migration of mesopelagic oplophorid shrimp. Tuna distribution is based on archival telemetry data from Musyl
et al. (2003). Mesopelagic migration is based on data for oplophorid shrimp from Ziemann (1975).
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associated species. Because their locations are known, seamounts increase the vulnerabil-
ity of these species to harvesting. Since, for unknown reasons, seamounts seem to attract
disproportionate amounts of sub-adults, catches from seamounts should be particularly 
closely monitored for species that are being harvested at or beyond sustainable levels.
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Chapter 10B

Fish visitors to seamounts: Aggregations 
of large pelagic sharks above seamounts

Feodor Litvinov

Abstract

Field observations and sampling from widely scattered locations around the globe suggest 
that pelagic sharks may also be attracted to seamounts. Russian surveys in the 1970s and 
1980s noted large aggregations of blue and other pelagic sharks near seamounts, up to 20 
times as dense as that of the open ocean. Seamounts may facilitate shark navigation and 
social mating behavior, which may render some sharks exceptionally vulnerable to over-
fi shing. Hence sharks at seamounts need protection and management.

Introduction

Tagging studies show that some seamounts host transient populations of tuna species, 
consequently some fi sheries have taken advantage of these aggregations to increase their 
yields (Yasui, 1986; Fonteneau, 1991; Adam et al., 2003). Other pelagic fi shes such as 
billfi shes (Ward et al., 2000; Sedberry and Loefer, 2001) appear also to be attracted 
to complex high relief bottom structures where they may be subject to local depletion. 
Pelagic shark aggregations over seamounts are poorly understood and underreported 
in the literature. For example, in the Gulf of California, hammerhead sharks (Sphyrna 
lewini) congregate round El Bajo Espiritu Santo seamount during the day, but move 
separately into the surrounding pelagic environment at night (see Chapter 10A; Klimley 
et al., 1988). This pattern was observed over a 10-day period. Catches of gray sharks 
(Carcharhinus spp.) off northeast Brazil were signifi cantly higher around seamounts, par-
ticularly those with relatively deep summits (300 m) and gentle slopes (Hazin et al., 1998). 
Queiroz et al. (2005) tagged 168 blue sharks (Prionace glauca), along the Portuguese 
coast of which 34 were recaptured. From these, 32 sharks were recaptured in the vicin-
ity of areas with high bottom relief, such as seamounts, canyons or the continental shelf 
slope. Based on these observations it has been hypothesized that pelagic sharks may also 
be attracted to seamounts for feeding or orientation. However, this hypothesis has been 
poorly tested.



A worldwide case study

Several pelagic longline surveys (290 drifts and 76 931 hooks in total) in the eastern 
Atlantic and eastern Pacifi c from 1978 to 1987 estimated catch per unit effort (CPUE) as 
the number of sharks caught per 100 hooks (Litvinov, 1989, 2004; Table 10B.1). Litvinov 
(1989) found that blue sharks dominated shark communities in oceanic waters. He also 
found the abundance of pelagic sharks to be low, being about 1.3 for blue shark and less 
than 0.2 for other elasmobranchs (Fig. 10B.1). However, dense aggregations of sharks 
were identifi ed (up to 20 times more abundant comparing adjacent waters). Such aggrega-
tions were found in the NE Atlantic over Meteor, Yer, Erving and Atlantis seamounts and 
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Fig. 10B.1 Average shark catch per 100 hooks in the open waters of the east central Atlantic in July 1980 (white bars). 
Gray bars show December 1980 catch over Great Meteor, Atlantis and Irving seamounts south of the Azores.

in the Southeast Atlantic over the Whale Ridge (Fig. 10B.2). In the eastern Pacifi c, such 
aggregations were observed over Nazca Ridge and around the Galapagos Islands. These 
aggregations were mainly formed by large (200–300 cm TL) adult male blue sharks but 
higher CPUE values for bigeye thresher shark (Alopias superciliosus) were also observed 
over seamounts.

Two general, not mutually exclusive, hypotheses have been presented to explain the 
higher densities of pelagic species at certain seamounts. One is that seamounts may rep-
resent navigational waypoints in larger movement patterns (Klimley, 1993; Holland et al.,
1999; see Chapter 12 for turtles and Chapter 10A for tunas). The second holds that 
seamounts provide enhanced foraging opportunities for apex predators (see Chapter 12C 
for seabirds). Seamounts often have distinct geo-magnetic signatures (Klimley, 1993), 
making it possible for blue sharks to detect those fi elds and thus, use seamounts as meet-
ing points for copulation aggregations.

Male blue sharks form aggregations or ‘male clubs’, most probably for fi rst copulation 
with subadult females. Blue sharks are oceanic, but spawn in shelf and neritic waters. Young 
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females leave ‘kindergartens’ and go for the fi rst copulation to ‘male clubs’, which form
in oceanic waters. Females leave immediately after copulation and may come back after 
fertilization, at the various stages of pregnancy, when signs stimulating mating behavior 
in males are absent (Litvinov, 2006). Such male aggregations are situated above peaks of 
seamounts, but may occur in other places such as features of water structure or gradients. 
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Fig. 10B.2 Aggregations of adult males (‘male clubs’) and young blue sharks in the east Atlantic and east Pacifi c. 
Red shading: aggregations of blue sharks south of the Azores, on the oceanic part of Whale Ridge, west and east 
of Galapagos and on Nazca Ridge. Green shading: newborn and young sharks in Moroccan waters, the neritic area 
of Whale Ridge, Santa Barbara and Ensenada, and beyond the Ecuadorean and Peruvian EEZs.

Table 10B.1 Date and locations of eastern Atlantic and eastern Pacifi c pelagic longline surveys from 1978 to 
1987 by Litivinov and colleagues (see Litvinov, 1989, 2006 for more details).

No. Period Number Area
  of drifts

 1. September–October 1978 24 Western Central Atlantic open waters
 2. November 1978  4 North Atlantic open waters
 3. November 1978  7  Seamounts southward of Azores: Great Meteor, 

Hyeres, Irving, Plato, Flamingo, Atlantis
 4. December 1980  4 As above
 5. July–September1980 43 Open Atlantic
 6. September 1980  9 Whale Ridge, oceanic waters
 7. September1980  5 Whale Ridge, neritic waters
 8. November 1979–January 1980 14 Moroccan waters
 9. January–February1980 12 Sierra-Leone waters
10. June–September 1982  27 Guinea Bay
11. June–September 1982 23 San-Tome and Principe waters
12. May–July 1982 24 Nicaraguan waters, Atlantic coast
13. November 1985–March 1986 21 Nicaraguan waters, Atlantic coast
14. May–July 1986 26 Cuban waters
15. May–June 1981 10 Waters of Grenada Island
16. April–June 1984  7 East Pacifi c, East and West of Galapagos Islands
17. June 1984 37 East Pacifi c, off Peru
18. April 1987  2 Nazca and Sala y Gomez seamounts
19. September 1992 (purse seine)  1 Ensenada, Mexico
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The second and further copulations of adult females may occur in other areas. Undoubtedly, 
dense male aggregations of the blue shark are crucial points for the species survival. 
That also make blue shark (and other species) even more vulnerable to overfi shing. The 
extremely high demand for shark fi ns suggests that sharks may be even more vulnerable to 
overfi shing than whales were in the past.

There are no year-round observations to confi rm the permanent or seasonal nature of 
such aggregations. However, the occurrence of the very different stages of pregnancy at 
the same place, from newly fertilized eggs to 41 cm length embryos in uteri (Litvinov, 
2006), suggests a long residence period and probably all-the-year-round spawning and 
copulation. It is thus clear that shark aggregations are very important for the species 
survival and that these phenomena need serious protection. On the other hand, the long 
period aggregations of large pelagic sharks may seriously infl uence seamount populations 
through predation on a wide variety of fi sh, squids and crustaceans.

Conclusions

Blue sharks are among the most abundant, widespread, fecund and faster growing of the 
elasmobranchs, and a pelagic species that is widely distributed throughout the world’s 
oceans. They are also the most heavily fi shed sharks in the world (Baum et al., 2003). 
Annual fi sheries mortality estimated at 10–20 million individuals, is likely having an impact 
on the world population, but monitoring data are inadequate to assess the scale of any popu-
lation decline. There is concern over the removal of such large numbers of this likely key-
stone predator from the oceanic ecosystem (Stevens, 2000). It is to be noted, that according 
to studies of shark fossil teeth in bottom sediments, the blue shark occupied a dominant 
position very recently, between 302 and 3940 years ago, having substituted representatives 
of the genus Isurus that already dominated during the Holocene (Litvinov, in press). The 
reason for such substitution is not understood, but it is clear, that the oceanic ecosystem in 
quite fragile, and its keystone species are subject to some rather slight infl uence. Thus, if 
dense shark aggregations on seamounts are indeed the rule, protective measures need to be 
undertaken immediately on these ecosystems and on other shark aggregation spots.
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Chapter 11

Seamounts and cephalopods

Malcolm Clarke

Abstract

The relationship between cephalopods and seamounts has been inadequately studied. 
Here, the work on seamounts is supplemented by collections made around oceanic islands 
with similar cephalopod communities and compared with sampling over the abyssal plain. 
Cephalopods differ from fi sh in several respects that make their populations resilient and 
their study particularly diffi cult. Nets sample only small numbers of juveniles or small 
species. Most adult cephalopods are adequately sampled only by their predators, and their 
presence is deduced from their predators’ stomach contents. Fortunately, digestive proc-
esses leave their chitinous jaws (‘beaks’) intact. These can often be identifi ed and body 
mass estimated from beak lengths. Some net collections of pelagic cephalopods from the 
NE Atlantic are compared, together with samples from predators’ stomachs. The large 
majority of species which live clear of the bottom do not show any association with, or 
retention by, seamounts: only Neorossia caroli and possibly Liguriella appear restricted to 
seamounts. The results support six of the ecological groups of cephalopods considered by 
Nesis to occur on and around seamounts. Bottom octopods have been sampled globally, 
but speciation related to seamounts has not been detected. The importance of size and 
other structural features to cephalopods as predators and as prey is related to biomass 
considerations at seamounts. While there are formidable problems of investigation, it is 
likely that cephalopods play a major role in supplying energy to seamount ecosystems. 
By swimming or drifting to seamounts for spawning, or possibly feeding, cephalopods 
may provide accumulations of great attraction to passing fi sh, birds, seals and cetaceans. 
Seamounts may have a wide oceanic infl uence by fuelling such migrators.

Introduction

Up to the turn of the twentieth century, nearly all sampling of pelagic cephalopods over 
and around seamounts was focused on deducing geographic distribution rather than con-
tributing to seamount ecology. This is useful for drawing general conclusions, but detailed 
analysis is hampered by the variation in sampling methods, geographic area and time. 
Nesis (1993) pointed out that ‘data on seamount cephalopods is scanty and fragmentary’, 
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and divided cephalopods on and around seamounts into seven ecological groups, listing 
species for each group.

This chapter compares pelagic cephalopods, sampled with a very diverse collection of 
nets and by various predators, in various localities in the NE Atlantic between about 30ºN 
and 40ºN. They include samples from above seamounts, over the abyssal plain, over island 
slopes and close to island shores (Clarke, 2006). By this means, any special features of 
the seamount cephalopod fauna should become evident.

Nearly all the net caught samples of pelagic species in these collections are of small 
cephalopods (�6 cm body length), either larvae or juveniles of large species, or adults 
of very small species. To sample the adults of the majority of species our only recourse 
is to fi nd them in the stomachs of predators such as cetaceans, seals, fi sh and birds. 
Fortunately, the chitinous beaks (jaws) of cephalopods are not digested and often accumu-
late in the digestive tract. In 17 sperm whales (Physeter catodon) sampled in the Azores 
there were an average of 1692 lower beaks. By their identifi cation and their size, it is 
possible (Clarke, 1986b) to fi nd the contribution of a species by number and mass to the 
diet, and sometimes also growth rate (Clarke, 1980, 1987, 1993). It is also often possible 
to examine intact specimens from stomach contents to determine their sexual maturity, 
fecundity and spawning season (Clarke, 1980).

North Atlantic data are used to determine which cephalopod species are associated 
exclusively or otherwise with seamounts and to attempt to illustrate the interactive bio-
mass they may represent. Data on most large cephalopods do not come directly from 
seamounts because the predators which give us all the information have to be examined 
on shores where they strand (cetaceans); haul out for breeding (seals) or nest (birds), 
hence the positions where they ate the cephalopods are not known. In the last century, 
commercial whaling for sperm whales provided much data on cephalopods, includ-
ing from the Antarctic (Clarke, 1980) and some considered here from Madeira and the 
Azores. Only fi sh are obtained directly from seamounts. The widespread distributions of 
many oceanic cephalopod genera and species make conclusions from the North Atlantic 
generally applicable.

Differences between cephalopods and fi sh

Several differences between cephalopods and fi sh are relevant to understanding the cepha-
lopod contribution to, and effect on, seamount communities and the problems presented 
to the investigator.

Number of species

There are far fewer species of cephalopods than fi sh. Nesis (1987) lists �650 species now 
described, with 786 in the online database CephBase (www.cephbase.utmb.edu) com-
pared with 28 500 fi nfi sh species (www.fi shbase.org). The 200–230 oceanic species have 
very wide distributions. The very lack of speciation suggests few barriers to distribution 
and genetic mixing which a close adhesion to seamount communities would imply.
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Evidence for spawning

Spawn is known for very few species, possibly because of its extreme delicacy. In some 
species (e.g., Illex illecebrosus, O’Dor et al., 1982), each tiny egg is held within a rela-
tively enormous bag of thin jelly, which is readily destroyed by any net, be it a midwater 
plankton net or bottom commercial trawl. Many individuals of the species eaten by sperm 
whales are in spawning condition (Clarke, 1980).

Very young larvae are sampled at shallow depths and many squids descend during 
growth so that adults, particularly at spawning, often live deeper than 1000 m (Clarke and 
Lu, 1974). If they do need a substratum for attachment of the spawn, it is very likely 
that they use seamounts because the abyssal plain, several 1000 m deeper, is, as far as we 
know, well beyond their vertical range.

Life cycle

Cephalopods that have been investigated, mostly neritic species, are short lived, usu-
ally less than 2 years, fast growing and die after spawning once (Boyle and Rodhouse, 
2005). We know that at least some of the oceanic ommastrephid squids are short lived. 
If this holds for most of the oceanic species; it implies that any biomass input into the 
energy of the seamount ecosystem could be large and variable from year to year, rela-
tive to the stocks of their slow-growing, long-lived predators. Heavy predation of spawn-
ing adults or their spawn would be rapidly replaced given the right conditions. However, 
there is little evidence about growth for oceanic species except for Ommastrephidae and 
Pholidoteuthidae, and it is quite possible some of the most important oceanic groups, 
including Histioteuthidae, Octopoteuthidae and Architeuthidae, have lifespans of several 
years, which would make their removal more important to the ecological balance (Clarke, 
1993).

Environmental variability

Cephalopods show great resilience to environmental change by having short lives, high 
turnover of generations, plasticity in their seasons of reproduction, variable growth rates 
and migration (Boyle and Boletsky, 1996). The populations of shelf species can fl uctu-
ate enormously from year to year and from season to season, and they survive to fl ourish 
in later years. This is true also for the oceanic I. illecebrosus, although the species of the 
deep sea must have to cope with smaller environmental changes unless human commer-
cial activities reduce their food or predators.

Predator/prey interaction

While fi sh collect prey with their mouths in one consuming or debilitating bite, cepha-
lopods use the spread of their eight short tentacles (‘arms’) as their effective mouth size, 
so that they can catch and consume, at leisure, fi sh as large as, or larger than, themselves 
(Fig. 11.1 and Table 11.1; Rodhouse and Nigmatullin, 1996). They hold their prey and bite 
off pieces small enough to pass along the oesophagus, where its diameter is restricted by 
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the encircling brain and cranial connective tissue. Many midwater species, such as octo-
poteuthids and architeuthids, grow larger than most midwater fi sh such as cyclothonids, 
myctophids, gonostomatids (Clarke, 1996b), and some even larger than big bottom fi sh 
such as orange roughy (e.g., Hoplostethus atlanticus) and rattails (e.g., Coryphaenoides
rupestris). This, coupled with their effective ‘mouth’ size, makes them predators of many 
midwater fi sh and probably some larger bottom fi sh.

(a)

(b)

Fig. 11.1 (a) Method of attack by a squid showing how it uses the spread of its arms to hold a fi sh larger than 
itself. (b) Three lower beaks to show differences in leverage for hard scaled (left), tough skinned (centre) and soft 
muscled prey. See text for further explanation.

Sampling differences

Cephalopods are not sampled as well as fi sh and rarely represent more than a small pro-
portion of the nekton caught in research nets; in one seamount comparison there was 
only 1 cephalopod to 18 fi sh (Diekmann, 2004); but it is often much less than this. This 
makes statistical comparisons less reliable compared to those for fi sh and tempts one to 
assume that conclusions based on fi sh can be accepted for cephalopods. In fact, the rarity 
of oceanic cephalopods in research and commercial nets and their importance in the diet 
of many cetacean, fi sh, bird and seal species indicates their ability to avoid capture rather 
than their scarcity. Many squid species in the diets of larger predators are almost unknown 
from commercial or research net catches of cephalopods. This may be because fi sh tend to 
be herded and overrun by nets, while squids turn and shoot through the meshes.

Evidence of cephalopod distribution

Diekmann (2004) identifi ed 47 species in a collection of 1346 cephalopods from 
four seamounts in the eastern North Atlantic, the Great Meteor Seamount, ‘Atlantis’, 
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‘The Twins’ and one near the Azores (Fig. 11.2). They were sampled by a Young Fish 
Trawl and, more intensively, at the Great Meteor Seamount, with a 1 m2 ‘BIOMOC’ net; 
in total 172 hauls were made.

The Twins

Azores

Atlantis

Madeira

Whales

Nets

Seamount

Endeavour

F.V.
30�N23�W

40�N20�W

Great Meteor

Seamount

Fig. 11.2 Map of the east central Atlantic showing positions of the collections of cephalopods compared by 
Clarke (2006) examined by Diekmann (2004) and discussed here.

Diekmann showed, by non-metric multidimensional scaling and related techniques, 
no difference between the open ocean cephalopods and the community in the immedi-
ate vicinity of the seamount. However, horizontal distribution patterns of both fi sh and 
cephalopods corresponded well to the structure of a closed circulation cell (Taylor cap 
formation: see Chapter 4) detected above the upper slope and plateau area. There was a 
signifi cant difference between fi sh assemblages within the 1500 m contour and the outer 
seamount regime, but this difference was not established for cephalopods. Diekmann con-
cluded that fl ow at the seamount might retain early stages nearby and sustain local pop-
ulations. However, while the fi sh larvae included many bottom living species, only two 
near-bottom cephalopods (Heteroteuthis dispar) and an octopod (possibly Scaegus unicir-
rhus) were represented in the larvae, and it may be that few cephalopod species, if any, 
have populations retained on seamounts. He concluded, from abundance, that the Great 
Meteor Seamount was not an area of high spawning activity for cephalopods during the 
sampling period (September 1998), although his nets did catch larvae and small juveniles 
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and he gave no comparative numbers from other areas to make a sound judgement on the 
degree of spawning activity in an oceanic situation.

Clarke (2006) described the distribution of oceanic midwater cephalopod species 
within the eastern North Atlantic sampled from above the abyssal plain, island slopes, 
island shelves and, just one over a seamount. Those collected between 30ºN and 40ºN are 
compared (Fig. 11.2) with Diekmann’s data from seamounts within those latitudes. As 
nearly all those caught in nets were larvae, juveniles or belonged to small species, less 
than 6 cm long. Clarke made further comparisons with cephalopod remains, including 
29 226 beaks; from 18 sperm whale stomachs (see Clarke (2006) for details of the diverse 
methods and nets used). They comprise the following: 1346 identifi ed cephalopods of 
48 species taken in 172 net hauls at fi ve seamounts (four of these described by Diekmann, 
2004; see Supplementary Information); 1560 identifi ed cephalopods of 36 species caught 
in 118 net hauls above the abyssal plain at 30ºN and 40ºN; 3336 identifi ed cephalopods of 
69 species from nets fi shed above island slopes at Madeira, Fuerta Ventura (Canaries) and 
the Azores; and cephalopods of nine species which were caught inshore or observed on 
the bottom at Madeira but not elsewhere in the collection.

No claim is made that these methods are strictly comparable but the effort in each 
locality is suffi cient to catch nearly all midwater species present although many may 
only be larval stages. Besides the ‘BIOMOC’ samples near seamounts, the other regions 
were sampled with rectangular midwater trawls with or without headline lights, and with 
mouths of 1, 8, 50 and 90 m2, Isaacs Kidd midwater trawls of 7 m2, British Columbia mid-
water trawl with a 250 m2 mouth and an Engel’s midwater trawl with an approximately 
1600 m2 mouth. Sampling was mainly in the autumn.

In total, 78 cephalopod species were collected of which 20 were found in net samples 
at all three localities, seamounts, island slopes and above the abyssal plain.

Very variable sampling effort infl uenced the total number of species in the different 
areas but, even so, taking just the number of species, Fig. 11.3 shows considerable simi-
larity between seamounts, island slopes and abyssal plain species. Of those species caught 
over the abyss, 78% were also caught over seamounts and 83% over island slopes; 94% 
of species caught on the seamounts were also present on island slopes. Thus, the majority 
of species living over seamounts are part of the community living over the abyssal plains, 
and the presence of their larvae show that they spawn over seamounts but not necessarily 
only there.

Clarke (2006) considered that only the sepiolid N. caroli was restricted to seamounts. 
H. dispar, which was caught over seamounts, was also caught over the abyssal plain sup-
porting Nesis’ (1993) contention that is it not rigidly linked to seamounts as had often 
previously been supposed.

Species regularly caught commercially close to Madeira are Sepia offi cinalis, Loligo 
forbesi, Ommastrephes bartrami, Sthenoteuthis pteropus, Todarodes sagittatus, several 
octopodids and, occasionally, Thysanoteuthis rhombus. Of these, O. bartrami, S. pteropus,
T. sagittatus and T. rhombus have been caught by lines across much of the area studied 
here and Octopus vulgaris, Sepia and Loligo are normally regarded as continental shelf 
genera. Of all these only S. pteropus, O. bartrami and Octopus sp. were sampled on the 
seamounts. None of the species mentioned in this paragraph, although of the right size, 
were eaten by sperm whales sampled here.
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Adult cephalopods in the sperm whale diet

Beaks representing all the species eaten by whales are of a size and advanced pigmenta-
tion to indicate they are from adult cephalopods; 63% of those in whales were sampled by 
nets over seamounts and 72% over island slopes (Fig. 11.3). These are high proportions, 
considering that sampling over seamounts was restricted in season and caught only larvae 
and small animals.

On the seamount, there are larvae of 16 species having adult lengths of over 20 cm. 
Of these, 11 species, Ancistrocheirus lesueuri, Megalocranchia sp., Taonius pavo,
Discoteuthis sp., Histioteuthis bonnellii, H. arcturi, H. celetaria, H. meleagroteuthis, H.
reversa, Taningia danae and Onychoteuthis banksii, are eaten by sperm whales, and also 
are found on island slopes. The other fi ve genera, O. bartrami, S. pteropus, T. rhombus,
Tremoctopus violaceus and Octopus sp. are not normally eaten by sperm whales.

Six species are important as whales’ food but were not caught in any nets. These are 
Architeuthis dux, Gonatus sp., Lepidoteuthis grimaldii, Octopoteuthis rugosa, Octopoteuthis 
‘giant’ and Pholidoteuthis boschmai. Gonatus does not occur in the nets in this area since 
it lives further North (Lu and Clarke, 1975) and the whales probably ate them during 
a southward migration. Larvae are generally not recognised or are very rare for the other 
fi ve species. Considering the great importance in the diet of H. bonnelli (Fig. 11.4), it is 
remarkable that only four were caught in nets and those over seamounts (Clarke, 2006). 
However, good specimens of this species (and the octopod Haliphron atlanticus) are regu-
larly picked up at the surface during whale watching off the Azores, after being vomited 
by, or having escaped from, cetaceans and must have been eaten close inshore, probably in 

Fig. 11.3 The number of species in each source of the collections listed in the text in large numbers and shapes. 
Small fi gures in small circles show how many species were found in both the shapes connected and small fi gures 
in small squares show the number of species found in the collection to which it is attached but not in other col-
lections (from Clarke, 2006).

Seamounts

48
2

2 5

2
Abyssal plain

34

Sperm

whales

29

Island shelf

eight species

only here

Island slopes

53

23

21

39 12

18 31



216  Seamounts: Ecology, Fisheries & Conservation

canyons where any net fi shing is impossible. This also possibly applies to the other four spe-
cies. Absence of larvae may be due to their hatching and growing where the adults live, in 
canyons. The squid that contributes most weight to the diet, T. danae, occurs in nets in the 
three types of locality, but rarely.

While these comparisons provide little evidence that sperm whales use seamounts to 
feed as well as island slopes, feeding in midwater over the abyssal plain is likely to be 
more diffi cult for sperm whales than if the prey are concentrated against a canyon slope. 
The scarcity of island slopes, compared to seamounts reaching to within 500–1000 m 
of the surface (to which depths sperm whales regularly dive) strongly argues for their 
feeding on seamounts as well as island slopes. All these species are large and must be 
numerous to cater for any sperm whales present (see below) so are probably an important 
contribution to seamount as well as to island slope communities.

A collection from whales during a passage of a Japanese factory ship through the 
Tasman Sea (Clarke and MacLeod, 1974) showed the importance of Histioteuthidae and 
Octopoteuthidae by number and Octopoteuthidae and Architeuthidae by mass, although 
the whales were caught far from land. It is likely that these whales obtained the squids 
from seamounts accessible to whales (coming to within 1000 m of the surface, as many of 
them do in the region) since much of the sea is very deep. Even most of Lord Howe rise is 

Fig. 11.4 Four juveniles of cephalopods important in diets of predators in the Azores region: (a) Histioteuthis sp., 
(b) Taningia danae, (c) octopod Haliphron atlanticus and (d) cranchiid Teuthowenia.

(a) (b)

(c) (d)



 Seamounts and cephalopods  217

deeper than 1000 m. As representatives of these families probably live deeper than 500 m 
around seamounts and islands, it seems likely that sperm whales use seamounts which 
have tops shallower than 500–1000 m to act as convenient ‘restaurants’ as they cross the 
abyssal plains (see Chapter 14).

Azores region

Cephalopods have been recorded, mainly as beaks, from the stomachs of three cetacean 
species (the sperm whale, a pygmy sperm whale, Kogia breviceps, a dolphin, Delphinus
delphis) and four fi sh (swordfi sh, Xiphius gladius; blue shark, Prionace glauca;
orange roughy; and opah, Lampris guttatus) caught near Pico Island in the Azores (see 
Supplementary Information). Only the orange roughy and most of the other fi sh were 
caught on seamounts. The rest are all likely to have been feeding either above the island 
slope or over seamounts near Pico. Only one swordfi sh (of 110 sampled) contained an 
island species (Loligo forbesi). All other cephalopod species were oceanic and pelagic. 
Cephalopods contributed almost 100% of the food organisms in the sperm whale and 
pygmy sperm whale, but less than 6% in swordfi sh, 15% in blue shark and 39% in 
orange roughy. Of the families of cephalopods, Chiroteuthidae, Mastigoteuthidae and 
Histioteuthidae are in more than one predator and, of these, the Histioteuthidae (Fig. 11.4) 
is by far the biggest percentage. In the sperm whale it comprises 71% by number (32% by 
mass) and in the pygmy sperm whale 67%, in the blue shark 23% and in the Lampris 20%. 
H. bonnellii is by far the most numerous, but rarely appears in any nets. The 60% rep-
resented by Sepiolidae in Lampris were Heteroteuthis dispar and these strongly suggest 
the fi sh was feeding on a seamount. Octopoteuthidae, mainly the large T. danae, are the 
most important by mass, in the diet of sperm whales, and also rarely occurs in nets. Of the 
four most numerous families in nets from seamounts, Onychoteuthidae, Lycoteuthidae, 
Ancistrocheiridae and Ommastrephidae, none are important in the food of the predators 
sampled. Similarly, none of the predators’ diets link them to any specifi c topographi-
cal groups sampled; although four fi sh species sampled Argonauta, which was sampled 
only by nets on the seamounts (see Supplemental Information for data behind this 
analysis).

Figure 11.5, which was largely obtained from sperm whales caught during commer-
cial activities and therefore not repeatable, shows the worldwide importance of the nine 
most numerous families in sperm whale diet. Architeuthis dux, Pholidoteuthis bosch-
mai, Lepidoteuthis grimaldii, Histioteuthis bonnellii, Taonius pavo and Ancistrocheirus 
alessandrini (as Enoploteuthidae in Fig. 11.5) are worldwide in temperate and tropi-
cal regions. Histioteuthids are numerically important in the diet and sometimes provide 
a considerable proportion of the mass. Gonatids are numerous in the North Pacifi c and 
North Atlantic, and the giant cranchiid Mesonychoteuthis hamiltoni and an onychoteuthid 
Kondakovia longimana are the main food species of sperm whales in the Antarctic.

While the association with seamounts of the cephalopods eaten by sperm whales is not 
proven, it seems highly probable from the data analysed above.
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Fig. 11.5 Pie charts showing diet (see central key) of nine squid families found in the diet of sperm whales caught 
in various regions of the world. (a) Composition (%) based on the number of lower beaks. (b) Composition by 
weight (%) estimated from the numbers and sizes of beaks (see Clarke, 1986a).

Discussion of Nesis’ (1993) classifi cation of cephalopods 
associated with seamounts

From his own participation in three major expeditions, two to the western Indian Ocean 
and one to the SE Pacifi c using a diversity of nets, traps, longlines and a remotely oper-
ated vehicle (ROV), Nesis (1993) examined the relationship between cephalopods and 
seamounts. His conclusions are based on these and many USSR cruises throughout the 
world, but many are published in Russian and ‘almost inaccessible to colleagues abroad’. 
His survey included 17 banks, seamounts and ridges in the 3 world oceans. Here, I assess 
the validity of Nesis’ groups and his assignment of species to each (Fig. 11.6).
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Nesis Group 1a

This group includes shallow-water species inhabiting the coastal zone and the shelf, mainly 
from the Saya de Malha Bank in the Indian Ocean. We exclude these on the basis they are 
not true seamounts. The cephalopods listed, Loligo, Sepioteuthis, Sepia and Octopus, are 
inshore, shelf genera, but may also inhabit islands even as far from continental shores as 
Madeira and the Azores. The true seamount species belong to the following six groups.

Nesis Group 1b

Bottom and near-bottom species which live permanently on seamounts. Lower littoral 
and upper bathyal species mainly on the tops of seamounts at 50–800 m. Scaergus has a 
pelagic stage and is very widespread. Three other species in the group, Austrorossia mas-
tigophora, Pteroctopus tetracirrhus and Danoctopus hoylei, do not have a pelagic stage, 
but are also widespread.

In the material considered by Clarke (2006), Scaergus unicirrhus was found off 
Madeira (at 150 m depth) and Fuertaventura, and was assumed to be present over 
seamounts by Diekmann on the basis of octopod larvae, too small to identify positively. 
P. tetracirrhus was present at Madeira (at 791 m).

500 m

1000 m

1b- Bottom species

(50–800 m)

2- Vertically migrating

bottom species

4- Advected vertical

migrators

5- Advected non-

vertical migrators

6- Vertical migrators

3- Non-vertical

migrators

(spawners)

1c- Bottom and near-

bottom

(500–2000 m)

Fig. 11.6 The ecological groups of cephalopods in association with seamounts described by Nesis.
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Nesis Group 1c

The middle and low bathyal species inhabiting the slopes 500–2000 m deep include sev-
eral octopod genera Benthoctopus, Bathypolypus, Froekenia and Grimpoteuthis, and the 
sepiolid Neorossia. These are all species which live near or on the bottom with direct 
development. In the North Atlantic this group was represented by Opisthoteuthis agas-
sizi at Madeira and N. caroli at Endeavour Bank, but Benthoctopus and Bathypolypus are 
well known from the North Atlantic. While these are all possibly restricted in distribution, 
more taxonomy is required to show endemism.

Nesis Group 2

This group includes near-bottom and benthopelagic species which spawn on the bot-
tom, but regularly (or during some stage of their life) rise into midwater above the 
seamount. Typical are sepiolids in the Heteroteuthinae, including species of Heteroteuthis,
Iridoteuthis, Sepiolina and Stoloteuthis. The fi rst two are diel migrators, less attached to 
seamounts and more widespread than the other two. In the Azores, this group was rep-
resented by H. dispar and was on both seamounts and island slopes. The record over the 
abyssal plain at 40º agrees with Nesis’ observation that this genus and Iridoteuthis are 
more weakly associated with seamounts and are widespread.

Nesis Group 3

This bathyal–pelagic group dominates the cephalopod fauna of seamounts and nearly all have 
widespread distributions. They comprise nerito-oceanic species living near or over the slopes 
such as species of Enoploteuthis, Abralia, Ancistrocheirus, Moroteuthis, Pholidoteuthis, 
Todarodes, Martialia, Nototodarus, Ornithoteuthis, Lycoteuthis, Nematolampis, Taningia, 
Histioteuthis spp., Lepidoteuthis, and Architeuthis. Their larvae, juveniles and (in some 
species) subadults inhabit midwater in the epipelagic and mesopelagic zones but spawn on 
or over the bottom or near the surface over the tops or slope (Fig. 11.6).

Lepidoteuthis grimaldii, which is only known from very few juveniles (Clarke, 1992), 
and Architeuthis which, from evidence from commercial fi shing for orange roughy, are 
likely resident on the deep slopes of seamounts and island slopes, should be added to this 
group. A few larvae have been identifi ed from near surface sampling nets, but in regions 
where there are seamounts (Personal observations). Moroteuthis, Pholidoteuthis and 
Lepidoteuthis all have scales covering their bodies, and in the latter two species these are 
leathery and tough, which might suggest that adults spend some time in contact with the 
bottom.

Nesis Group 4

This group comprises interzonal diel vertical migrators advecting by currents over the 
seamounts at night and descending to the bottom in daylight if it is shallower than the 
depth of their usual daily vertical distribution (300–800 m). Nesis included ‘many species’ 
of Enoploteuthidae, Histioteuthidae, Pyroteuthidae, Octopoteuthidae and Ctenopterigidae 
and Diekmann contributed evidence for this ‘gap formation’ process and reasonably 
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assumed that oceanically distributed species were more vulnerable to bottom predation 
above seamounts than elsewhere.

Evidence for vertical migration of the Octopoteuthidae is poor and these should prob-
ably be considered as belonging to the next group. Gonatus steenstrupi and Teuthowenia 
megalops execute a reversed migration, being deeper at night than in the day (Lu and 
Clarke, 1975) and could provide food for bottom animals at night, but these are from 
higher latitudes (north of 50ºN).

Nesis Group 5

Non-migrating, mostly bathypelagic species advected over the tops or slopes of seamounts 
by currents and, on deep seamounts, to the tops throughout the 24 h (becoming food 
for bottom species). These include many species of Chiroteuthidae, Mastigoteuthidae, 
Cranchiidae, Vampyroteuthidae and Bolitaenidae.

Nesis Group 6

Group 6 includes pelagic, nektonic squids such as Sthenoteuthis and Ommastrephes 
which, as juveniles and adults, avoid areas over the summits of shallow seamounts but are 
advected over seamounts as larvae.

Discussion

Nesis believed that squids in Groups 4 and 5 are so fragile they would lie passively on the 
substrate when they came in contact with it and would fall easy victims to predators. He 
considered these groups provide a very important trophic link between pelagic and ben-
thic realms. The author agrees that Group 5 species would be passive and vulnerable, but 
this seems unlikely for most of the species in Group 4, particularly the Enoploteuthidae, 
Pyroteuthidae and Ctenopteridae. All species associated with seamounts, as defi ned here, 
are widely distributed and many are circumpolar or ocean wide. This is supported by work 
on diets of predators.

Size

Neither Nesis (1993) nor Diekmann (2004) considered size of the cephalopods, and 
this is of critical importance if we are to understand their importance in the dynamics 
of seamount ecology. Cephalopod adults have a standard length (including the body and 
arms but not the long tentacles) from 2 cm to over 500 cm according to the species.

Food of cephalopods

As with any animal, the sizes of squids infl uence the sizes of the species they consume 
but, because they have arms and tentacles, they can capture and take bites from much 
larger prey than if they caught them with a mouth (Fig. 11.1; Rodhouse and Nigmatullin, 
1996). Table 11.1 shows the standard sizes of a range of squids playing a part in the 
seamount ecosystem, with sizes of the fi sh which may be caught by them and their known 
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predators. The food of squids is not known for most oceanic species; juveniles eat small 
crustaceans and small fi sh and turn to larger fi sh and other cephalopods as they grow 
(Rodhouse and Nigmatullin, 1996). Myctophids are known to be important food in some 
oceanic species. The soft bodied H. arcturi, Megalocranchia sp. and Idioteuthis hjorti
have been identifi ed from the stomachs of the muscular squid O. bartrami.

A few suggestions on likely food can be made based on the spread of the arms and 
the shape of the lower beak (Fig. 11.1). Beaks with short rostral (cutting) edges and long 
wings for muscle attachments to give high leverage (Architeuthidae) cut hard surfaces 
like skin with scales such as those on many bottom fi sh; if beaks also have sharp points 
(Pholidoteuthidae), penetration between fi sh scales or through very tough skin such as 
bottom sharks is suggested. Beaks with long cutting edges and short wings probably are 
for cutting softer tissues and skin similar to midwater fi shes such as myctophids. A range 
of species have beaks with intermediate features, and some have thicker or thinner parts 
for modifying these basic properties.

If larger squid go to the seamounts for spawning they are probably not actively feeding 
and their appearance there may also be seasonal.

Cephalopods as food

There are different predators equipped to eat the complete range of adults as well as the 
range of sizes from larvae and subadults each species produces. The enormous wastage, 
much of it due to predation, is indicated by the large quantity of eggs laid, hundreds of 
thousands in some species (Boyle and Rodhouse, 2005), and the short life cycles of 1 year 
with terminal spawning.

The species of squid eaten by each type of predator partly depends on size, behav-
iour and speed of travel relative to the predator. The calorifi c value may also infl uence the 
predator, gelatinous drifters being easier to catch but much less energetically rewarding 
than muscular squids (Clarke et al., 1985). Slower, low-energy predators, such as many
oceanic bottom fi sh, might be expected to choose low-energy squids such as Masti-
goteuthidae and Chiroteuthidae, while tuna and dolphins would catch muscular Ommas-
trephids and Enoploteuthids. Our observations tend to support this.

Squids fi gure in the diets of most species of cetaceans (Clarke, 1996a) and, in oce-
anic waters, they all take a variety of families. The deep diving beaked whales (Ziphiidae) 
favour the softer ammoniacal squids. Bottlenose dolphins (Globiocephalidae) and Risso’s
dolphin (Grampus griseus) vary the diet between the muscular species (such as Ommas-
trephidae) and the softer species (such as Histioteuthidae and Octopoteuthidae). The 
shallower divers in the Delphinidae and Stenidae take more fi sh with the cephalopods 
and consume more of the muscular squids such as Ommastrephidae, Onychoteuthidae, 
Lycoteuthidae and Enoploteuthidae (Clarke, 1996a).

All seals which inhabit oceanic water include some cephalopods in their diet but few 
regularly eat appreciable quantities except, possibly, seasonally (Klages, 1996). Most 
seals favour muscular or oily species (Gonatidae), although the deep diving elephant seals 
(North and South) and Ross seal (Ommatatophoca rossi) also include soft, ammoniacal 
species. The Southern Elephant seal (Mirounga angustirostris), which dives to several 
100 m, is the major pinnipeds consumer of cephalopods. Examinations of their stomach 



 Seamounts and cephalopods  223

contents in the Southern Ocean are always on oceanic islands, but they likely take advan-
tage of any accumulation of pelagic squids near the bottom on shallow seamounts during 
their wide foraging. The food includes some bottom octopods such as Pareledone charcoti
and 16–17 taxa, and favours the onychoteuthid Moroteuthis knipovitchi, Psychroteuthis 
glacialis and H. eltaninae.

Very few fi sh feed exclusively on cephalopods but many include them in their diet 
during growth, seasonally and opportunistically (Smale, 1996). Some bottom sharks 
such as Centroscymnus coelolepis, Sphyraena, Isurus, Galeocarda and Dalatius, include 
Histioteuthidae and Ommastrephidae in their diet.

It is very likely that the dynamic marine life conditions around the tops of shallow 
seamounts attract seabirds (see Chapter 12C). Although squids fi gure in the diet of most 
seabirds, only in some species of albatrosses and petrels are they consistently more 
important than fi sh and crustaceans (Croxall and Prince, 1996). Most is known about 
southern polar and temperate seabird diets during the nesting season when sampling is 
easiest. Squids also probably play a key role in the diet of tropical seabirds and in the non-
breeding season of temperate and polar seabirds. The Ommastrephidae, Onychoteuthidae, 
Gonatidae and Histioteuthidae make the largest contribution to the diet. Albatrosses 
and the larger petrels mainly eat living juveniles 5–30 cm long and probably scavenge 
the larger squid in their diet. Some of the deep-water squids such as Histioteuthidae, 
Octopoteuthidae and Chiroteuthidae may be obtained by birds scavenging on vomit of 
cetaceans or by the cetaceans actively herding the squids to the sea surface.

Biomass considerations

In considering the food web of a seamount, we know that the birds take small species and 
larvae up to perhaps a standard length of 30 cm, fi sh take from small up to perhaps 60 cm 
while cetaceans, particularly sperm whales, take up to the largest cephalopods known, 
with a standard length of 500 cm. These differences are supported by the calculation of 
standard lengths from beaks in a few of each type of predator. Sperm and pygmy sperm 
whales eat the same species of squid but larger sperm whales eat relatively more of the 
larger species and the larger individuals of the species (unpublished data).

Biomass of the commoner species removed by each predator

The biomass provided to resident or visiting species at a seamount can be roughly esti-
mated only in a few species, because the basis of calculations depend on multiplying sev-
eral parameters of the predator, such as population and average mass, which are rarely, 
even approximately, known.

If seamounts are ‘restaurants’ for sperm whales during their continuous movement 
about the oceans one might expect many more visits to more isolated seamounts such as 
Great Meteor. Visits by sperm whales provide an insight into the importance of cephalo-
pods in the food web of the Azores. A calculation for sperm whales visiting the Azores 
can be made from past commercial catches making a few assumptions. More than the total 
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caught (5600) over 20 years were visiting the area, since numbers showed no obvious 
decline and whales take more than 20 years to reach the mean size caught. The whales 
averaged over 20 t in weight and each ate 3.25% of body weight each day of low cal-
orie squids (the low calorifi c values requiring twice the mass of the estimate based on 
muscular food). If whales each stayed 10 days in the area, annual consumption would 
be 5600 � 20 � 0.0325 � 2 � 10 	 72 800 t. This would suggest that an average of 154 
whales would be in the Azores area each day. Taking the smoothed length of the coast-
line of the seven islands in the central and Eastern groups, one can estimate that a whale 
watcher’s lookout (‘vigia’) observes over one twenty-fi fth of the total length. If the esti-
mate of the number of whales is correct and they spend most of the time inshore in the 
feeding grounds, one would expect an observer to see up to an average of six whales a 
day. That is, close to the value through the 6 summer months of whale-watching south of 
Pico Island (notes of a Vigia, Sidónio Gonçalves relayed by Manuel Fernandes).

The total mass of food would include annual consumption of approximately 9000 t of 
Architeuthis dux, 28 000 t of Taningia danae and 20 500 t of Histioteuthis bonnellii! This 
compares with the maximum annual landings at the Azores of about 10 000 t of pelagic 
fi sh and 5000 t of demersal fi sh (see other chapters). Extending a similar calculation 
to a seamount, one average adult staying 1 day would consume approximately 1.3 t of 
cephalopods.

Other toothed whales are very much smaller as the following adult weights show: 
Tursiops truncatus 209 kg, D. delphis 60 kg, Stenella longirostris 66 kg, Lagenorhynchus 
obliquidens 91 kg, G. griseus 328 kg and Globicephala melas 943 kg (Perrin et al.,
2002). Their food requirements are proportionately smaller and it would take about 20 
Globicephalus to eat the same amount as one average sperm male.

Boyd et al. (1994) estimated the cephalopod consumption of the South Georgia popu-
lation of elephant seals at 2.8 million tonnes.

Adult swordfi sh average only 500 kg and their diet includes 50% by weight of largely 
muscular squids, so it would probably take about 20 fi sh to consume the same amount of 
squid as one 20 t sperm whale.

Although their consumption per weight is far higher, because of their small size (per-
haps 40 000 shearwaters to the average male sperm whale), seabirds eat far less weight of 
squids than cetaceans. For example, in the NE Atlantic seabirds are estimated to take only 
40 000 t/year (Furness, 1994) – perhaps about half of the estimate for sperm whales off 
the Azores.

Energy transfer

Seamounts, certainly ones coming to within less than 500 m of the surface, are probably 
centres of high biological activity in ocean areas of general low activity. The cephalo-
pods comprise a few species living deep on the slopes (octopodids) and numerous pelagic 
squid species, which are carried to the seamount by currents and by swimming, from the 
ocean around, many of them for spawning. They include migrators and non-migrators and 
some may linger there for food or die after spawning.
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The energy they introduce to the seamount environs is partially absorbed by benthos, 
but far more is probably removed by passing visitors, cetaceans, possibly seals particu-
larly in the Antarctic, large fi sh and birds (Fig. 11.7).

Birds of greatest importance are shearwaters in the North Atlantic, albatrosses and 
possibly penguins in the Antarctic and parts of the Pacifi c. These mainly take epipe-
lagic species coming to within a few metres of the sea surface although, surprisingly, 
their diet also includes species of squid which we normally catch much deeper such as 
Chiroteuthidae, Octopoteuthidae and Histioteuthidae. How they are picked up by birds 
at the surface has been the cause of much discussion (Croxall and Prince, 1996), but they 
are possibly vomited, or chased to the surface by dolphins or large fi sh such as tuna. Most 
dolphins probably normally feed at less than 500 m or so, and a few baleen whales such as 
Sei whales are, at times, heavy predators of squids at these shallow depths. Deeper diving 
cetaceans including all the beaked whales, Kogia, Hyperoodon and Physeter probably eat 
any pelagic squids collecting near seamounts from 300 m to over 1000 m, and possibly 
over 2000 m. Large epipelagic fi sh such as tunas, billfi sh and broadbills often have con-
siderable vertical ranges to over 1000 m but favour the muscular cephalopods while the 
large bathypelagic migratory fi sh take slower gelatinous species. In general, of all visi-
tors, sperm whales probably remove most energy and nutrient from seamounts and sea-
birds probably the least although groups of other cetaceans (including Sei whales), seals 
and large fi sh, may have considerable impact on seamounts in particular regions at par-
ticular times. Energy from seamounts will be dispersed throughout the oceans according 
to migration patterns of the visitors, but it will be ocean wide and even extend onto land 
as guano and via fi sheries.

Birds
shearwaters

500 m

1000 m

Deep Horizontally 
migrating fish

Deep-diving
cetaceans
Physeter, Kogia, 
Beaked whales
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Billfish

Dolphins,
some seals
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Fig. 11.7 The main sources and removal of energy derived from cephalopods around seamounts which come to 
within 1000 m of the sea surface. See text for explanation.
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Because the species of pelagic cephalopods are so widespread, the general pattern 
of cephalopods on seamounts is likely to be very similar over large areas. Throughout 
the temperate and tropical seas, between latitudes of 50ºN and 50ºS the species of great-
est importance differ little in three oceans. In all, Taningia danae, Histioteuthis arcturi,
Histioteuthis bonnellii and Architeuthis dux or their closest relatives, are the most impor-
tant. These are also important up to Iceland in the Atlantic but in the Norwegian Sea and 
the North Pacifi c gonatid species are the most important. In the whole Antarctic Ocean 
Mesonychoteuthis hamiltoni and Kondakovia longimana are likely to provide the most 
energy to seamounts.

Human impacts

Cephalopods are part of the interacting biosphere around any seamount and any human 
interference will change their populations, directly by fi shing for fi sh or cephalopods or, 
indirectly, via the effect on visiting species or climate change. Cephalopods’ short lives, 
resilience to environmental change and the fact that most of their predators are able to 
switch to fi sh for food, make them a considerable energetic buffer to irreversible change 
on seamounts.

Climate change is likely to have the greatest effect on seamount ecology through rises 
in sea level since this would reduce the number of seamounts available to cetacean and 
seal visitors. It could change cetacean and seal migratory routes and reduce predation 
of cephalopods on the seamounts. Minor changes in water temperature are less likely to 
adversely affect cephalopods directly since they have such broad distributions and toler-
ance to temperature change.

Because of the long migrations of so many visitors there is little doubt that any dras-
tic changes to seamount ecosystem stability would have very wide oceanic effects. 
Understanding the complexity of the involvement of cephalopods in the seamount ecosys-
tem can only be achieved through greater knowledge of the diets of their predators, life 
cycles of the larger oceanic species and by counting the cetacean, seal and bird visitors. 
It is much less clear how one can then obtain typical population estimates for the visit-
ing and resident fi sh predators of cephalopods, without disturbing the balance by fi shing. 
Where fi shing does take place, the opportunity for diet analysis should not be missed.

To preserve the biological content of some seamounts for the future may be desirable, 
but it is probably impossible since their ecosystems are directly tied to the wider ocean 
by their visitors (see Chapter 21). While we might prevent direct human interference on 
selected seamounts by stopping fi shing and ‘squidding’, we would also need to preserve 
changes in visitors by preserving nesting and haul out sites on more than just adjacent 
islands and prevent killing Odontocetes (almost achieved but under pressure).

The knowledge necessary to conserve and manage seamounts in general can probably 
only be gained by selection of specifi c ‘typical’ untouched seamounts and then by apply-
ing a large effort with many specialists to study as many aspects as possible. Regular 
research samples with midwater trawls over seamounts would show presence of particular 
cephalopod species (not absence) and seasonal or yearly changes; but will not be useful 
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in estimating their biomass. Capture of appreciable numbers of predators to establish the 
presence of adults of larger species would possibly require periods of recovery.

Little can be learned about cephalopods without widespread identifi cation of stomach 
contents of their predators. This might involve taking opportunistic advantage of strand-
ings on nearby island shores, unless the seamount was selected where such knowledge 
exists from bygone whaling or sealing activities. Otherwise, general knowledge of diets, 
gleaned from elsewhere, might be suffi cient, provided that good estimates of the number 
of migrant fi sh, bird, seal and cetacean visitors can be made. Where conservation meas-
ures exist, such as preventing direct removal of cephalopods from seamounts by fi shing 
and the moratorium on sperm whaling, any changes should be resisted.

Summary

1. Considerable differences between cephalopods and fi sh make cephalopods both impor-
tant consumers and important prey on seamounts. Their size, variable and often rapid 
growth, high fecundity, plasticity in their seasons of reproduction, short lives and 
migratory habits provide high resilience to environmental change, including popula-
tion variation of their predators. They can survive enormous fl uctuations in population 
and recuperate in very few years. Their effective mouth size enables them to eat larger 
fi sh than themselves and possibly the largest near the bottom on seamounts.

2. They provide a trophic link between the pelagic and benthic realms.
3. The ecological groups of cephalopods identifi ed by Nesis (1993) on seamounts have 

been checked against diverse collections from the North Atlantic. Group 1a has been 
rejected as comprising shallow water species. With the aid of diverse collections in the 
North Atlantic a few important species have been added.

4. Comparisons in the North Atlantic show that pelagic seamount species are almost the 
same as those found around islands and over the abyssal plain.

5. Only very few species, and those all benthic without pelagic stages, can be consi-
dered as special to seamounts but even these have wide distributions or poor taxo-
nomic data.

6. Many species probably go to seamounts to spawn and subsequently die. They probably 
do not eat there and, with their spawn, provide considerable nourishment for cetacean, 
seal and bird visitors to the seamounts as well as to visiting and resident fi sh.

7. Calculations show that energy removed from seamounts by visiting cetaceans is prob-
ably more than that removed by any other visiting group and that sperm whales extract 
the most of any species. These consume more of each of the squids Histioteuthis,
bonnellii, Taningia danae and Architeuthis dux than humans catch of either pelagic or 
demersal fi sh in the Azores waters.

8. The wide distributions of most oceanic cephalopod species suggest that conclusions 
made on the basis of the material considered here will be of general application.

9. The ecological importance of seamounts is that they are probably centres where mid-
water cephalopods collect for spawning, feeding or by accidental drifting. Cephalopod 
presence near the bottom at less than 1000 m from the surface probably makes their 
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capture by cetaceans, seals and some fi sh more energy cost effective than over deeper 
water.
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Chapter 12A

Air-breathing visitors to seamounts:
Marine mammals

Kristin Kaschner

Abstract

Pinnipeds and cetaceans are widely reported as more abundant in the vicinity of abrupt 
topographies like seamounts, yet there are few rigorous quantitative analyses. Some spe-
cies such as the Hawaiian monk and Galapagos fur seals, Commersons and spinner dol-
phins, with slope or mesopelagic foraging habits, are characteristic of island arcs with 
many seamounts. Elephant and crabeater seals and beaked whales also tend to forage at 
seamounts, while Common dolphins, Bottlenose whales, Risso’s dolphin, Dall’s porpoise 
and pilot whales appear to be associated with strong bathymetric gradients, including 
seamounts. Here, a global habitat suitability model is used to forecast local abundances 
of marine mammal species by species. Results show a signifi cant association of marine 
mammal abundance with seamount-rich locations.

Introduction

Whatever the exact mechanism, it seems intuitive that the fl ow-driven accumulation of 
zooplankton, large invertebrates and fi sh around seamounts discussed in the previous 
chapters (see Chapters 5, 6, 8, 10 and 11) attract what Genin (2004) called a ‘transient 
accumulation’ of larger and highly mobile animals. This includes marine mammals, which 
are known to actively seek out predictable regions of enhanced prey densities (Jaquet and 
Whitehead, 1999; Bonadonna et al., 2000; Acevedo-Gutierrez et al., 2002; Benoit-Bird 
and Au, 2003). The importance of seamounts, among other hydrographic features with 
steep bathymetric gradients, as foraging posts or migration stops for marine mammals 
has therefore repeatedly been referred to in the literature dealing with management and 
conservation strategies for seamount habitats (Hyrenbach et al., 2000; Canessa et al.,
2003). Most existing information about seamount association of marine mammal species 
appears however to be anecdotal, supported by very little available quantitative evidence. 
Although the occurrence of a diversity of cetaceans and pinnipeds around seamounts 
has been well documented throughout the world (Baba et al., 2000; Moore et al., 2002; 
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Seabra et al., 2005); this alone provides little evidence for an actual preference of any 
species for seamounts (Table 12A.1).

Table 12A.1 Documented association of marine mammal species with seamounts.

Species Geographic region/ Strength of evidence Source
 seamount

Baird’s beaked whale North Pacifi c Qualitative observation Ohsumi (1983),
   Balcomb (1989), 
   Reeves and Mitchell (1993)  

Dall’s porpoise California Current  Quantitative investigation  Yen et al. (2004), Tynan
 System/Cordell Bank of environment et al. (2005)
  correlates

Humpback whale California Current  Quantitative investigation  Tynan et al. (2005)
 System/Hecate Bank of environment
  correlates

Short-fi nned pilot California Current  Quantitative investigation  Hui (1985)
whale System of environment 
  correlates

Common dolphins California Current  Quantitative investigation  Hui (1985)
 System of environment 
  correlates

Spinner dolphins Hawaii Indirect evidence based on Benoit-Bird and Au (2003)
  feeding and diurnal tracking
  of mesopelagic boundary layer

Southern elephant  South Pacifi c/  Qualitative observation  Bornemann et al. (2000)
seals (juveniles) De Gerlache based on tagging data
 Seamounts

Crabeater seals Antarctic waters near  Qualitative observation Nordøy et al. (1995)
 Queen Maud Land based on tagging data

Dedicated marine mammal surveys are very costly, particularly the relatively large-scale 
surveys needed to investigate and possibly detect gradients of increasing density of species 
around seamounts in comparison to the surrounding ocean areas. Most of the surveys con-
ducted are restricted to continental shelf areas (Barlow, 1997; Hammond et al., 2002). The 
few oceanic surveys that exist have focused on the estimation of species’ abundances rather 
than habitat usage (Sigurjónsson et al., 1989; IWC, 2001). Despite the dearth of quanti-
tative data, available information about marine mammal life histories, dietary preferences 
and general habitat usages, summarized below, may provide some indirect indication for the 
importance of seamounts for pinnipeds and cetaceans. The few studies of marine mammal 
occurrences in areas of steep bottom topography were mainly conducted in shelf and slope 
waters. The results nevertheless allow some conclusions about why abrupt hydrographic fea-
tures such as offshore seamounts may attract marine mammals.

Anecdotal information or indirect evidence

For the most part, pinnipeds and cetaceans have wide, even panglobal distributions and 
roam widely during their regular migrations (Jefferson et al., 1993). Consequently, we 
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would not expect to see the degree of endemism that distinguishes seamount communities 
of other trophic levels (see Chapters 5 and 13; de Forges et al., 2000). It is noteworthy, 
however, that distributions of the few marine mammal species with very restricted ranges 
often centre around offshore volcanic islands or island chains in areas of high seamount 
density. These species include the Hawaiian monk seal (Monachus schauinslandi), the 
Galapagos fur seal (Arctocephalus galapagoensis) and a recognized subspecies of the 
Commerson dolphin (Cephalorhynchus commersonii) occurring around Kerguelen Island. 
All are relatively shallow divers, rarely venturing beyond 200 m (Reijnders et al., 1993; 
Dawson, 2002; Parrish et al., 2002). Although most feed on a wide array of pelagic prey 
types, benthic and mesopelagic organisms are also part of their diets (Pauly et al., 1998). 
Hence, islands slopes and nearby shallow seamount plateaus may represent important for-
aging grounds (Stewart and Yochem, 2004).

The Hawaiian spinner dolphin (Stenella longirostris) is an example of a less restricted 
marine mammal species, which may utilize seamount areas as feeding posts. This species 
has been shown to primarily feed on prey taken from the mesopelagic boundary layer 
(Norris et al., 1994). The regular inshore–offshore movement of spinner dolphins around 
Hawaii also matches the diurnal vertical and horizontal migrations of the organisms 
in this layer (Benoit-Bird and Au, 2003). The mechanisms resulting in the aggregation 
of prey around the slopes of islands (Benoit-Bird et al., 2001) are comparable to those 
described for seamounts (see Chapters 4–6). Although this remains to be investigated; it 
seems likely that spinner dolphins would similarly exploit elevated prey densities associ-
ated with the surrounding seamounts.

Seamount slopes and plateaus may be equally of importance for many of the most 
elusive marine mammal species, the beaked whales. To date, very little is known about 
the majority of these primarily oceanic and deep-diving toothed whales. From what we 
do know, beaked whales seem to be most common in slope waters and around offshore 
volcanic islands and are known to feed primarily on mesopelagic and deep sea benthic 
fi sh and squid species (Pauly et al., 1998; Kasuya, 2002; Pitman, 2002; Kaschner et al.,
2006). Again, there has been no quantitative assessment of seamount habitat usage by 
any beaked whale species, even though (Ohsumi, 1983), for instance, states that Baird’s 
beaked whales (Berardius bairdii) are most commonly encountered in regions with sub-
marine escarpments and seamounts. Despite the lack of quantitative data, dietary pref-
erences and information about habitat usage would suggest that seamounts might be 
important feeding grounds for beaked whales.

Bornemann et al. (2000) hypothesized that southern elephant seals (Mirounga leonina)
also rely on the tropic focusing abilities of seamounts and similar features. This was based
on the analysis of tagging data of several juvenile males, which spent several weeks for-
aging near the De Gerlache Seamounts in the South Pacifi c (Bornemann et al., 2000). 
Interestingly, the exploitation of seamount-associated prey patches may represent an 
exclusively male foraging strategy (Bornemann et al., 2000), possibly only used during 
the austral winter and throughout the northern parts of their range, where bathypelagic 
myctophids such as Gymnoscopelus nicholsi represent an important part of the diet of 
southern sea elephants (Daneri and Carlini, 2002).

The crabeater seal (Lobodon carcinophagus) feeds at a lower trophic level and on 
smaller prey – namely krill, and so are even more dependent on regions of reliable high 
prey availability than elephant seals (Burns et al., 2004). This species is most commonly 
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observed in shallow waters thickly covered by ice and associated with high prey concen-
tration (Burns et al., 2004). However, Nordøy et al. (1995) found that crabeater seals near 
Queen Maud Land also spent considerable time in very deep waters along the shelf break 
and near seamounts where krill may be aggregated by the local physical and hydrographic 
conditions.

Quantitative investigations of seamount habitat usage

Numerous studies of marine mammal presence have found strong correlations between 
bathymetry and patterns in inter- or intraspecifi c occurrences for both cetaceans and pinni-
peds in different regions and ocean basins (Payne and Heinemann, 1993; Moore et al.,
2000; Baumgartner et al., 2001; Hamazaki, 2002). Many species have been shown to 
occur in higher densities in areas marked by strong bathymetric gradients that defi ne topo-
graphic features such as shallow water banks and ridges (Common dolphins (Delphinus
delphis) around Georges Bank, NW Atlantic; Griffi n, 1997), submarine canyons (e.g., 
Northern bottlenose whale (Hyperoodon ampullatus) in the Gully, NW Atlantic; Hooker 
et al., 1999) or the continental slope itself (e.g., Risso’s dolphin (Grampus griseus) in the 
Mediterranean Sea; Cañadas et al., 2002). However, the few existing quantitative investi-
gations of marine mammal habitat usage that may shed some light on the relative import-
ance of seamounts in particular have all been conducted in the California Current System 
(CCS) over the past 20 years.

Hui (1985) made a particular reference to underwater escarpments in his study of com-
mon dolphins and short-fi nned pilot whale (Globicephalus macrorhynchus) occurrence in 
the CCS and noted that both species appeared to be concentrated in areas of steep bot-
tom topography. However, pilot whales are known to feed primarily on oceanic and neritic 
squids of the family Ommastrephidae, which has been thought to be an indication that 
this cetacean may mainly forage over the upper continental slope and shelves (see 
Chapter 11; Clarke, 1996). This would suggest that pilot whales might only exploit 
prey aggregations over shallower seamounts. Clarke also suggests that sperm whales 
may exploit squid species characteristic of canyons and steep seamount slopes (see 
Chapter 11). Similarly, the diet of common dolphins – a mixed array of myctophids and small 
pelagics – would suggest a preference for waters surrounding shallower escarpments 
where, for example, anchovies (Engraulidae) are known to aggregate rather than the utili-
zation of ‘true’ seamounts.

Tynan et al. (2005) found that Heceta Bank, a submarine bank in the CCS, and the 
associated fl ow – topography interactions greatly infl uenced the distribution of cetaceans 
in the area. Specifi cally they report seasonally higher densities of a number of species 
including humpback whales (Megaptera novaeangliae), Pacifi c white-sided dolphins 
(Lagenorhynchus obliquidens), Dall’s porpoise (Phocoenoides dalli) and even the more 
coastal harbour porpoise (Phocoena phocoena). The results of a similar analysis con-
ducted by Yen et al. (2004), who also studied cetacean habitat usage in the CCS, are 
somewhat contradictory in terms of the association of marine mammals with seamount-
like features. Although, again, the occurrence of Dall’s porpoises was signifi cantly and 
positively correlated with high contour index areas, no direct link could be found between 
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this species presence and the distance to the Cordell Bank, another slope ‘seamount’ (Yen 
et al., 2004). This suggests that usage of steep bottom topography areas by Dall’s por-
poise is not restricted to habitat found around underwater escarpments or seamount-like 
features.

Although Heceta and Cordell Bank are not seamounts in the strict sense, the prey 
aggregating mechanisms and trophic dynamics around these escarpments are probably 
quite similar to those occurring around seamounts. Similar trophic focusing does however 
occur along the shelf edge, submarine canyons and other upwelling areas. Consequently, 
the extent to which the association of cetaceans with areas of high bottom topography 
and underwater escarpments or banks is indicative of a close link between the species 
and seamount habitat in offshore areas remains to be investigated. Such investigations 
are greatly hampered by the diffi culties of determining marine mammal habitat usage on 
larger geographic and temporal scales, particularly in oceanic areas as mentioned above.

Results from habitat suitability modelling

The lack of reliable marine mammal distribution data led Kaschner et al. (2006) to 
develop a global habitat suitability model for predicting heterogeneous patterns of occur-
rence of 115 marine mammal species. Validation of species-specifi c predictions showed 
that observed high species encounter rates strongly and positively correlate with pre-
dicted highly suitable habitat for almost all species tested (Kaschner et al., 2006). Areas 
of predicted high relative environmental suitability (RES) thus likely represent important 
core habitat. A preliminary analysis of the possible importance of seamount habitat for 
marine mammals at very large scales was conducted using RES predictions for all species 
(Kaschner, unpublished data). Figure 12A.1 shows mapped hotspots of marine mammal

Species
5 10 15 20 25 30 46

Fig. 12A.1 Map of predicted global marine mammal species richness (115 species; core areas only) and 
superimposed seamount locations (black dots). Species numbers shown in key are the maximum in each colour 
category.
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species richness (generated by summing predicted core areas across all species) and 
superimposed geographic locations of the world’s seamounts, as defi ned by Kitchingman 
et al. (see Chapter 2; Kaschner, unpublished data). Statistical comparison showed a strong
positive, linear and highly signifi cant relationship between mean seamount density per
0.5º latitude by 0.5º longitude grid cell and predicted marine mammal species richness 
(Spearman’s rho 	 0.76, p � 0.0001) (Fig. 12A.2). Interestingly, a linear relationship 
between marine mammal species richness and average cell depth (Spearman’s rho 	 0.15, 
p 	 0.34) or between bottom depth and mean seamount density (Spearman’s rho 	 0.41, 
p 	 0.21) was not detected. These preliminary fi ndings provide some evidence that areas 
of high seamount density may indeed deserve some special attention in the context of 
preserving marine mammal biodiversity.
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Fig. 12A.2 Relationship between mean seamount density across all cells falling within a species richness 
category (Spearman’s rho 	 0.76, p � 0.0001).

Conclusions

The notion that marine mammals are an important if transient component of seamount 
communities is currently supported by very little actual data. Most available information is
based on anecdotal or qualitative descriptions, but there are nevertheless a few studies – 
mostly conducted in the CCS – that could demonstrate a general association of a number 
of marine mammal species with areas of high contour indexes. This is a common char-
acteristic of seamounts and underwater escarpments, but steep bathymetric gradients 
are also a distinguishing mark of areas around banks, canyons and the continental slope. 
These features are equally known to represent important habitat for many marine mammal 
species; most likely because of the associated elevated prey densities. Available evidence 
suggests, that, unlike many other members of seamount communities, the vast majority of 
marine mammal species are probably only loosely associated with particular seamounts. 
Relying on the dependable trophic focusing abilities of seamounts and other hydrographic 
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features, oceanic pinnipeds and cetaceans may nevertheless visit seamounts within their 
range on a regular basis on foraging trips. This feeding post-hypothesis is frequently 
mentioned in the context of management plans involving the protection of seamounts 
(Hyrenbach et al., 2000; Canessa et al., 2003). The preliminary investigation of the asso-
ciation of predicted marine mammal species richness and seamount density conducted 
here provides some support for the relative importance of seamount habitat for many of 
these predators on larger scales. More quantitative studies of pinniped and cetacean for-
aging strategies and resulting underwater topography preferences are needed to assess the 
actual reliance of individual species on true seamounts and identify the underlying mech-
anisms that may be responsible for drawing these warm-blooded visitors to seamounts.
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Chapter 12B

Air-breathing visitors to seamounts:
Sea turtles

Marco A. Santos, Alan B. Bolten, Helen R. Martins, 
Brian Riewald and Karen A. Bjorndal

Abstract

Marine turtles have a complex life cycle with ontogenetic shifts that involve major changes
in their ecology, behaviour and distribution. In oceanic habitats, oceanographic and topo-
graphic features may generate eddies that can provide prime habitats where sea turtles can 
fi nd food and shelter. Evidence from the pelagic longline swordfi sh fi shery in the Azorean 
Exclusive Economic Zone (EEZ) and from satellite telemetry suggests that seamounts 
may affect loggerhead turtle distribution. Seamounts appear to be important habitats for 
juvenile oceanic loggerhead turtles.

Introduction

Sea turtles have complex life cycles, with ontogenetic shifts that involve major changes 
in their ecology, behaviour and distribution (Bolten, 2003a). In oceanic habitats, oceano-
graphic and topographic features, such as seamounts, can generate eddies and convergent 
zones (see Chapter 4) that provide prime habitats where sea turtles fi nd food and shelter. 
Our knowledge of the association of sea turtles with seamounts is based primarily on our 
understanding of the life history of the North Atlantic loggerhead (Caretta caretta) popu-
lations. This chapter will therefore focus on this species during its oceanic juvenile stage.

Most loggerheads occurring in the Eastern North Atlantic deposit their eggs on beaches 
in the SE United States. After hatching, young turtles of about 5 cm carapace length swim 
offshore where the Gulf Stream/Azores Current carries them to the eastern Atlantic, 
including the areas around the Azores, Madeira, and Canary Islands (Carr, 1986; Bolten 
et al., 1998). Based on length frequency analyses and skeletochronology, the duration of 
the oceanic juvenile stage has been estimated to be from 6.5 to 11.5 years, depending on 
the size/age at which the turtles leave the oceanic habitat (Bjorndal et al., 2000, 2003). 
Juvenile turtles return to coastal waters in the western Atlantic to continue development 
and, after an additional 20 years, reach sexual maturity at approximately 30 years of age 
(Bolten, 2003b). In Azorean waters, most loggerheads are between 10 and 65 cm curved 
carapace length (Fig. 12B.1) and are primarily epipelagic, spending 75% of their time in 



the top 5 m of the water column, but occasionally diving to over 200 m (Bolten, 2003b). 
The movements of juvenile loggerheads are both active and passive relative to winds and 
surface and subsurface oceanic currents (Bolten, 2003b).

Evidence for associations of sea turtles with seamounts

We evaluated the associations of sea turtles with seamounts using two approaches. First, 
we evaluated the distribution patterns of oceanic juvenile loggerheads with respect to sea-
bed slope. We used data from 343 longline sets collected during experiments conducted 
in 2000–2004 within the EEZ of the Azores archipelago. The total distance covered by the 
gear line was 26 774 km. The study region was divided into 1 min squares. In each square 
that contained a longline set, loggerhead catch per unit effort (CPUE) was calculated as 
the number of turtles caught per 100 km of gear: 100 � (n/L) where n is number of log-
gerheads captured and L is the number of kilometres of fi shing effort.

Bathymetry data were obtained from GEBCO (General Bathymetric Chart of the Oceans)
Digital Atlas (1 min resolution). Seabed slope was computed from the bathymetry lat-
tice using ArcGIS (v. 8.3, ESRI). Mean slope was calculated for each 1 min square and 
determined for each loggerhead position. The results support the hypothesis that distribu-
tion patterns of loggerheads are related to local topographic characteristics. Mean slope 
showed a signifi cant positive association with loggerhead CPUE (Fig. 12B.2; Spearman 
correlation, r 	 0.068, n 	 13 117, p�0.0001). Chi-square analysis also showed a greater 
use of steep slopes (Fig. 12B.2; 12º–18º, chi square 	 20.42, df 	 8, p � 0.0001). Slope 
may exert its infl uence through increased food abundance for loggerheads; steep slopes, 
characteristic of seamounts, are associated with water features that can generate higher 
productivity through several different mechanisms (see Chapters 4 and 5). Seamounts 
may therefore be hotspots for sea turtles.

5

0

2

4

P
e

r 
c
e

n
t

6

15 25 35 45

Curved carapace length (cm)

55 65 75 85

Oceanic juveniles

n 	 1692

Neritic juveniles

n 	 1803

Longline captures

n 	 470

Fig. 12B.1 Size distributions of loggerhead turtles: left curves are oceanic loggerheads in Azorean waters; 
histogram shows loggerheads caught in longline fi sheries in Azorean waters; right curves are neritic loggerheads 
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Our second approach to evaluate the association of sea turtles with seamounts employs 
biotelemetry. Polovina et al. (2004) reported an association between loggerheads in the 
Pacifi c and local oceanographic anomalies, such as fronts and currents. Satellite track-
ing data obtained by Bolten and Riewald (unpublished data) may be used to evaluate 
whether sea turtles visit North Atlantic seamounts during their oceanic juvenile stage. 
A qualitative assessment of turtle tracks indicates that loggerheads range widely through-
out the Azores Archipelago. Visual inspection of the tracks shows that loggerheads visit 
seamounts within the Azorean EEZ (e.g., Princess Alice seamount) and seamounts out-
side the EEZ (e.g., Altair, Great Meteor, Atlantis). Some of these seamounts are located 
hundreds of kilometres from the archipelago. Dellinger (2005) reported similar behav-
iour for loggerheads tracked near seamounts in the Madeira archipelago. Tracked turtles 
appear to move towards seamounts and to increase residence time in these areas. Santos 
et al. (2006) analysed some movement parameters and verifi ed that mean distance and 
daily speed were always lower and the number of bearings higher in the vicinity of 
seamounts. Track length and residence time were also higher close to Altair seamount. 
These biotelemetry results demonstrate that the turtles exhibit different movement behav-
iours near seamounts. This is a further evidence that these topographic features might be 
hotspots for juvenile loggerheads.

Why sea turtles visit and how they fi nd seamounts

Oceanic regions are often oligotrophic, characterized by low productivity and low stand-
ing stocks of plankton and nekton. Seamounts provide topographic features that can result 
in environments with higher productivities (see Chapters 4, 5 and 7). Seamounts play 
an important role in the distribution of various pelagic fi sh species (see Chapter 9), as 
well as marine mammals (see Chapter 12A). The importance of seamounts for the biol-
ogy of oceanic juvenile loggerheads is poorly understood. Fréon and Dagorn (2000) 
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suggested that other migratory species such as tuna (e.g., Holland et al., 1999) and sharks 
(see Chapter 10A and B) might use seamounts as enriched sources of food and/or as spa-
tial references for navigation during migration (see Chapter 10).

These two hypotheses may also hold for sea turtles. Firstly, seamounts may have higher 
densities of prey organisms because of increased primary productivity due to topographic 
effects on local hydrographic conditions (Rogers, 1994). If true, seamounts would be areas
of increased food availability for loggerheads, which are opportunistic predators in the
epipelagic. Bolten (2003b) also suggested that larger juveniles in oceanic habitats may
feed on benthic organisms living in the shallower waters over banks and slopes of seamounts.
Secondly, sea turtles use geomagnetic fi elds for orientation (Lohmann and Lohmann, 
2003), so loggerheads may use the magnetic signatures of seamounts (Chapter 10A) for 
navigation.

How loggerhead turtles fi nd seamounts and maintain their positions around them are 
important questions. Magnetic cues may be important because juvenile loggerheads are 
able to detect the magnetic inclination angle and magnetic fi eld intensity of the Earth to 
assess global position (Lohmann and Lohmann, 2003). Chemical cues may also be used 
to locate seamounts. Sea turtles may use odour gradients to navigate towards a distant 
odour plume source (Lohmann et al., 1997; Bartol and Musick, 2003). Chemical com-
pounds, such as dimethyl sulphide (DMS), are associated with areas of high productivity 
and areas where planktivores feed (Hay and Kubanek, 2002). Nevitt et al. (1995) reported 
an association between DMS and migratory sea birds in Antarctic waters.

Conservation implications

Seamounts and their related oceanographic features are important habitats for commercial 
fi sh species (see Chapters 9, 10 and 18) and so are targeted by fi shing fl eets (Fonteneau, 
1991). The association of loggerheads with seamounts makes them vulnerable to bycatch 
in these fi sheries. The most signifi cant anthropogenic threat to the survival of juvenile 
loggerhead turtles during the oceanic stage is the risk of incidental capture in commer-
cial fi sheries, mainly as bycatch of pelagic longline fl eets. The impact of longline fi sher-
ies on sea turtles has recently received attention by the scientifi c community (Long and 
Schroeder, 2004). In Azorean waters, the size classes of loggerheads being impacted by 
the swordfi sh (Xiphias gladius) fi shery correspond to the largest size classes of logger-
heads occurring in the area (Fig. 12B.1; Ferreira et al., 2001; Bolten, 2003b). Crouse 
et al. (1987) reported that these size classes are the most important for the recovery of 
North Atlantic loggerhead populations.

The discovery of the importance of seamounts for sea turtles raises the possibility of 
protecting these animals by establishing marine protected areas around seamounts. Other 
fi shery management options (e.g., gear modifi cations, line retrieval times, time/area clos-
ures) in these critical areas should be considered by regional fi shery management organ-
izations to reduce incidental capture of turtles. In conclusion, seamounts appear to be 
important habitats for juvenile oceanic loggerhead sea turtles. More research is needed 
on the role that sea turtles play in the trophic structure of seamount communities and how 
sea turtles locate these habitats.
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Chapter 12C

Air-breathing visitors to seamounts:
Importance of seamounts to seabirds

David R. Thompson

Abstract

A wide range of seabird species appear to make use of resources associated with 
seamounts. Knowledge of the relationships between seabirds and seamounts is based either
on ship-based observational studies, or studies that employ seabirds as data-gatherers. 
The majority of studies fall into the ‘observational’ category, and many of these report 
‘one-off’ counts of seabirds at a particular feature. A small number of studies extend this 
approach to incorporate a temporal component to seabird observations. To date, relatively 
little research has made use of electronic data-gathering devices, attached to seabirds, as a 
means to elucidate their seamount resource-use. Continued refi nement of these technolo-
gies, particularly the use of miniaturized global positioning system (GPS) technology; 
holds much promise for better understanding of how seabirds exploit marine resources 
associated with seamounts.

Introduction

Seabirds are conspicuous predators that are able to exploit marine resources over relatively
large spatial scales. Although constrained to return to land at regular, usually annual, intervals
to raise offspring, pelagic seabirds, particularly members of the order Procellariiformes 
(petrels, shearwaters and albatrosses), can undertake foraging trips of many thousands of 
kilometres, often over relatively deep ocean waters far beyond the continental margins 
(Weimerskirch et al., 1999; Klomp and Schultz, 2000; Fernandez et al., 2001). Most 
seabirds are restricted to obtaining food at the ocean surface. Others, notably species 
from the ‘diving’ groups like penguins and auks, can exploit prey at considerable depth 
(Charrassin and Bost, 2001; Falk et al., 2002). Seabirds take a wide range of prey, from 
small zooplankton through to fi sh and squid, taken both during the day and night, and can 
exploit vertically migrating prey that move into surface waters (see chapters in Croxall, 
1987).

Seabirds are well able to exploit marine resources associated with seamounts of conti-
nental shelf slopes and beyond. Early researchers such as Darwin noted seabirds associ-
ated with seamounts (see Chapter 3). While there is a general perception that seamounts 
are often sites of seabird aggregation (Ballance et al., 2001), it is highly likely that seabird 
prey species composition and abundance varies between seamounts due to factors such 



as seamount location, topography, summit depth and how the seamount interacts with 
fl ows, currents and tides (see Chapter 4). There is considerable inter-annual, seasonal and 
even daily (diurnal vs nocturnal) variation in prey availability associated with seamounts 
(see Chapters 5 and 6). In short, although some seabirds apparently associate with some 
seamounts, detailed analyses of these associations over clearly defi ned spatio-temporal 
scales, and studies that have explicitly examined links between seabirds and seamounts 
are relatively few.

This paucity of information refl ects the fact that most ship-based research, whether 
specifi cally focused on seamounts or coincidentally incorporating seamounts as part of a 
more general itinerary, seldom includes collection of seabird data, either general obser-
vations, ad hoc counts or quantitative measurements of seabird numbers and densities. 
Despite the diffi culties of identifying and counting seabirds from a moving platform, cur-
rent knowledge of seabirds and seamounts is based almost entirely on ship-based observa-
tions. Here, I summarize the available information regarding the importance of seamounts 
to seabirds, and suggest how this fi eld might develop in the future. Seabird nomenclature 
follows that of BirdLife International (2004a).

Ship-based observations

Ship-based observations fall into two general categories: single observations or ‘snap-
shots’ of seabird–seamount characteristics at a particular site and time; and more frequent 
observations, possibly with an inter-seasonal or inter-annual component. Repeated obser-
vations enable researchers to be somewhat more fi rm in their conclusions, although the 
logistic and fi nancial constraints of repeat visits to an oceanic seamount make it diffi cult 
to adhere to a scientifi cally robust sampling protocol.

Dealing with single observation studies initially, Powell et al. (1952) were among 
the fi rst workers to record the presence of a range of seabirds specifi cally at a seamount. 
They noted black-footed albatross Phoebastria nigripes, sooty shearwater Puffi nus gri-
seus, fork-tailed storm-petrel Oceanodroma furcata and ‘Beal’s petrel’ (	Leach’s storm-
petrel) O. leucorhoa at Cobb Seamount off southern Washington, USA in August, 1950 
(Powell et al., 1952). At the same seamount, Sanger (1970) cites unpublished University of 
Washington records, of western gull Larus occidentalis (although herring gull L. argentatus
could not be ruled out due to identifi cation problems) in March, 1960. In another early 
report, Grindley (1967) noted a wide range of species over the Vema Seamount, off the 
west coast of South Africa, during November, 1966, dominated numerically by Cape petrel 
Daption capense and European storm-petrel Hydrobates pelagicus. It seems likely, how-
ever, that bird observations were confounded by boats actively fi shing over the seamount, 
providing food in the form of offal and discards (Grindley, 1967). Also in the South 
Atlantic Ocean, Bourne (1992) recorded seabird species and numbers over the Republic 
of South Africa Seamount in February, 1985. Great shearwater Puffi nus gravis and white-
bellied storm-petrel Fregetta grallaria were particularly numerous over the seamount 
compared to other locations along the cruise track. In contrast, Bourne (1992) also noted 
that when crossing St Joseph Seamount in the NE Atlantic in April 1960, the only seabird 
present was a single Cory’s shearwater Calonectris diomedea. Seabirds were counted over 
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the Emperor Seamounts, north Pacifi c, during July 1978 (Anon, 1979), and at stations 
elsewhere away from seamounts, during 10 min periods in a 300 m zone to one side of 
the ship. There were no clear patterns in seabird density at stations over or away from 
seamounts, but several species of gadfl y petrel, including scaled (	mottled) Pterodroma 
inexpectata, Solander’s (	providence) P. solandri, Bonin P. hypoleuca, Stejneger’s P. lon-
girostris, Cook’s P. cookii, and unidentifi ed Pterodroma sp., were generally only recorded 
at stations over seamounts. Numbers of fork-tailed storm-petrel were higher at sta-
tions over seamounts compared to numbers at other stations (Anon, 1979). B. Herbert 
(Personal communication cited in Monteiro et al., 1996), concluded that seamounts
were the preferred summer foraging areas for three seabird species from the Azores archi-
pelago: Cory’s shearwater, band-rumped storm-petrel Oceanodroma castro, with aggre-
gations of up to a few dozen between July and September, and yellow-legged gull Larus
cachinnans, particularly juveniles in fl ocks of up to 100 birds during July and August.

Vermeer et al. (1985) recorded the distribution and numbers of ancient murrelet 
Synthliboramphus antiquus and Cassin’s auklet Ptychoramphus aleuticus NW of the Queen 
Charlotte Islands, Canada, during May–July, 1981, and found that whilst both species tended 
to forage over the continental shelf break, Cassin’s auklet also fed over seamounts. Vermeer 
et al. (1985) also correlated higher densities of Cassin’s auklet over seamounts with dens-
ities of the calanoid copepod Neocalanus cristatus their preferred prey.

In a study of seabird distribution and numbers during April, 1985, Blaber (1986) fol-
lowed a transect SE from Tasmania to the Soela Seamount, and recorded birds using 
10 min, 360º counts of all birds within about 500 m of the ship. Some species were notably 
more abundant around and over the seamount, compared to stations along the transect to 
the seamount (e.g., wandering albatross Diomedea exulans and probably D. antipodensis,
black-browed albatross (when identifi ed 	 Campbell albatross) Thalassarche impavida,
white-chinned petrel Procellaria aequinoctialis and black-bellied storm-petrel Fregetta 
tropica). Three species, shy albatross Thalassarche cauta, white-chinned petrel and black-
bellied storm-petrel, were more abundant over than around the seamount. One species, 
Antarctic prion Pachyptila desolata, was more abundant around the seamount com-
pared to over the seamount (Blaber, 1986). Haney et al. (1995) recorded the numbers and 
distribution of seabirds over and away from Fieberling Guyot, a seamount in the eastern 
North Pacifi c Ocean, during June 1991. Seabird density within a 30 km radius was 2.4 
times higher compared to adjacent waters, and dominated by black-footed albatross and 
Cook’s petrel. Haney et al. (1995) also sampled potential prey over the seamount, later in 
the year during September, but results were generally inconclusive, perhaps due, in part, 
to the different sampling dates: however, some prey groups sampled were more abundant 
over the seamount.

Guzman and Myres (1983) reported the seasonal occurrence (April to October) of 
six species of shearwater Puffi nus spp. off the coast of British Columbia, Canada, based 
on counts conducted from 1975 to 1978. Of the six species recorded, only sooty shear-
water, during June and July, and Buller’s shearwater Puffi nus bulleri, during June, showed 
an association with seamounts, specifi cally Giacomini, Surveyor and Welker seamounts 
in the central Gulf of Alaska (Guzman and Myres, 1983). Haney (1987) investigated 
the abundance and distribution of black-capped petrels Pterodroma hasitata off the 
coast of southeastern USA over 173 days from 1982 to 1985. Although overall seasonal 
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abundance estimates were produced, Haney (1987) was able to conclude that black-capped 
petrels were observed only over seamounts and other submarine features when to the east 
of the western Gulf Stream frontal boundary. Briggs et al. (1987), recorded species and 
abundance of seabirds off California, USA from April 1975 to March 1978 through ship 
and plane-based observations. They recorded fl esh-footed shearwater Puffi nus carneipes
associated with the Cordell Bank and Guide seamounts between May and October; fork-
tailed storm-petrel associated with San Juan Seamount between May and January; ashy 
storm-petrel Oceanodroma homochroa in most months at Guide Seamount, and horned 
puffi n Fratercula corniculata at San Juan Seamount during April (Briggs et al., 1987). 
Interestingly, Briggs et al. (1987) reported no association between Cassin’s auklet and 
seamounts, in contrast with the fi ndings of Vermeer et al. (1985).

Reid et al. (2002) compiled ship-based observational data from SE Australian waters, 
spanning 1975 to 1993, to produce an ‘atlas’ of seabird distributions, with seasonal reso-
lution. Although cruise tracks were not the same for each 3-month seasonal period, and 
seamounts within the area covered were not necessarily targeted for seabird observations, 
Reid et al. (2002) concluded that black-browed albatross Thalassarche melanophris,
Campbell albatross, sooty albatross Phoebetria fusca, southern royal albatross Diomedea
epomophora and Cape petrel were especially numerous over seamounts. For both south-
ern royal albatross and Cape petrel, however, Reid et al. (2002) noted that relatively high 
numbers of birds over St Helen’s Rise were associated with trawler activity and in the case 
of Cape petrel, sperm whales Physeter catodon.

In a comprehensive study of seabird and marine mammal associations with bathy-
metric features off central California, including Cordell Bank Seamount, between 1996 
and 2002, Yen et al. (2004) reported that, of the four seabirds investigated, only Cassin’s 
auklet exhibited a signifi cant relationship with the seamount. This species was found in 
greater densities near Cordell Bank with numbers declining rapidly with distance away 
from the feature, although there was a suggestion that aggregations of Cassin’s auklet 
at Cordell Bank were increasing through the period of the study (Yen et al., 2004). In a 
similar study across the eastern Gulf of Alaska, Yen et al. (2005) did not report any associ-
ations between seabirds and seamounts, even though the transect along which observations 
were made crossed over several seamounts.

Birds as data-gatherers

It has only been in the last 20 years or so that tracking technology has become reliable 
and small enough to be deployed on seabirds as they forage and migrate over the ocean. 
Equipping birds with data-gathering or transmitting devices has some advantages compared 
to platform-based observations of seabird distributions at sea. The provenance and, in many 
cases, the status (sex, breeding, non-breeding) of the birds is known, distributions are not 
biased by being attracted to boats, as is the case for some species (Hyrenbach, 2001), and 
device costs tend to be relatively low compared to ship, or other platform, costs.

Tracking methods fall into four general categories, each with advantages and disadvan-
tages: radio VHF tags (Anderson and Ricklefs, 1987), satellite telemetry (Jouventin and 
Weimerskirch, 1990), light-based geolocation (Shaffer et al., 2005) and, most recently, GPS 
tags (Weimerskirch et al., 2002, 2005). Radio tags operate over relatively short distances, 
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which is of limited utility when tracking pelagic seabirds, but Anderson and Ricklefs (1987) 
employed this approach to identify two seamount foraging areas favoured by masked Sula 
dactylatra and blue-footed S. nebouxii boobies at the Galapagos archipelago. Location 
information derived from light-based archival tags tends to be too imprecise (Phillips 
et al., 2004; Shaffer et al., 2005) to link seabirds and specifi c seamounts with any certainty. 
Position information using satellite telemetry is more accurate than that from geolocation, 
usually within a few kilometres of the true location, but is relatively expensive to acquire 
and would require repeated and extensive deployment of transmitting devices to determine 
seamount use by seabirds. Nevertheless, Waugh and Weimerskirch (2003) and Birdlife 
International (2004b) were able to conclude that wandering albatross breeding at the Crozet 
Islands frequented the seamounts to the west, based on satellite telemetry.

GPS technology perhaps offers the most potential in quantifying the use of seamounts 
by seabirds: location information is accurate to within a few metres, and can be gener-
ated frequently throughout a foraging trip so that time spent over seamounts, compared to 
elsewhere, can be quantifi ed. Awkerman et al. (2005) employed GPS dataloggers to iden-
tify two areas close to Banco Ruso Seamount within the Galapagos archipelago as being 
favoured foraging locations for waved albatross Phoebastria irrorata during chick brood-
ing in 2003. Weimerskirch et al. (2005), also employed GPS technology and noted that 
red-footed booby Sula sula did not preferentially forage over, or in the wake of, Bassas da 
India and Jaguar seamounts in the Mozambique Channel during August and September, 
2003, although these seamounts were at the limit of the foraging range for this species 
(Weimerskirch et al., 2005).

Conclusions

A wide range of seabird species exploit marine resources associated with seamounts. 
Apart from the few integrated and comprehensive studies, our knowledge of this asso-
ciation is often based on little more than a single observation of a named species at or 
near a specifi ed seamount. These mere ‘presence’ data cannot resolve apparent contradic-
tions where seabird–seamount associations reported by one study are not substantiated by 
a second study, separated in space and time. In this situation, it is impossible to conclude 
whether differences in seamount characteristics, prey availability or sampling time, or a 
combination of these, produced the apparent discrepancy.

Advances in bird-borne tracking technology, in particular GPS dataloggers, represent 
an exciting opportunity to examine the relationships between seabirds and seamounts 
in a more detailed and ultimately useful manner. Guzman and Myres (1983) wondered, 
‘whether the birds that are found near the seamounts have arrived by chance while wan-
dering over the open ocean and stay for a while, are attracted to a source of food there in 
some way, or return after previous chance visits’. Clarke (see Chapter 11), Livinov (see 
Chapter 10B), Kaschner (see Chapter 12A) and Santos et al. (see Chapter 12B) make a 
strong case for seamounts being ‘way stations’ or ‘cafes’ for sperm whales, sharks, some 
marine mammals and marine turtles. Given what we know about the navigational abilities 
of birds, it would seem likely that they have the ability to ‘map’ and return to seamounts. 
GPS technology offers the chance to answer some of Guzman and Myres’ (1983) 
questions directly, particularly when allied to complementary research that addresses 
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productivity and prey availability over seamounts. Indeed, without a fully integrated 
approach, unequivocal associations between seabirds and seamounts, and hence the func-
tional role seabirds play within seamount-based marine ecosystems, will remain elusive.

A much more complete understanding of spatio-temporal variation in seabird abun-
dance is essential to understanding their functional role in seamount ecosystems. Our 
ability to conserve these charismatic marine predators and protect them from the direct 
and indirect impacts of fi shing (see Chapter 20) requires a fully integrated approach.
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Chapter 13

Biogeography and biodiversity of seamounts

Karen I. Stocks and Paul J.B. Hart

Abstract

This chapter evaluates the emergent community properties of biodiversity, endemism, and 
biogeography at seamounts. As with all deep-sea environments, the paucity of sampling, 
varying, and incompatible methods create problems, but certain patterns emerge, which 
differ between the pelagic and benthic components of the community. Pelagic fi shes and 
plankton found over seamounts do not seem to be strongly differentiated from nearby 
oceanic pelagic communities. Abundances may vary, with certain species concentrated 
or depleted over a seamount, but the same suite of species is often found, and endemics 
(species restricted to one seamount or seamount chain) are not commonly reported. This 
indicates that the management of pelagic fi sheries over seamounts should be within the 
context of a regional or stock-wide management plan. It also raises the potential for biore-
gionalization schemes, such as Longhurst’s pelagic provinces, to be used to categorize 
seamount communities globally, for use in management and to prioritize future research. 
The benthic community of fi shes and invertebrates, in contrast, can differ more strongly 
from either the surrounding deep seafl oor or nearby continental margins of similar depth. 
Rates of endemism between 10% and 50% have been reported in medium and large-scale 
studies, though these numbers will likely change with more deep-sea sampling. Overall 
benthic abundances are often elevated on seamounts compared to soft-sediment deep-sea 
communities, though there is no clear trend towards seamounts supporting either an ele-
vated or a depressed number of species (species richness) compared to the deep sea or 
an continental margins. Biogeographically, when endemic species are not considered, the 
seamounts appear to support a subset of the regional species pool. However, the rates of 
endemism are high enough, and the types of communities supported are distinct enough, 
that categorizing the benthic communities on seamounts by the larger biogeographic region 
they fall within may not be a useful approach. It also indicates that seamounts need to be 
recognized and managed as distinct habitat types, and not simply as part of a larger region.

Introduction

One of the reasons why seamounts have been the focus of substantial research efforts is that 
to some degree they are thought to represent unique communities, supporting assemblages 
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of species that are distinct from the surrounding seafl oor. Other chapters in this volume 
describe the characteristics of specifi c components of the seamount community, such as the 
benthic fauna (Chapter 7), fi shes (Chapters 9 and 10), plankton (Chapter 5), cephalopods 
(Chapter 11), and visitors (Chapter 12). Here, we review the higher-order properties of bio-
diversity and biogeographic affi nities.

One of the unifying questions for seamount research is to what degree seamounts 
represent unique, isolated habitats. At one extreme, seamounts could be distinct biotopes, 
supporting species found nowhere else in the oceans and evolving independently. 
At the other extreme, they could host only species also found in other habitats, accompan-
ied by a high degree of migration and genetic exchange with surrounding environments. 
Understanding where seamounts lie on this spectrum has clear management implica-
tions, for example determining whether marine protected areas on seamounts are needed 
and how they should be placed (see Chapter 20). Describing and comparing seamount 
community structure also has theoretical implications: once patterns are determined, 
they can be compared to predictions from biogeographic theory to assess their useful-
ness for extrapolating from the handful of studied seamounts to the tens of thousands 
of unknown ones. And, where theory does not match reality, seamount research can 
contribute to improvement of our framework for understanding the patterns of life in 
the oceans.

This chapter explores how different characteristics support or contradict the concept of 
seamounts as isolated habitats. It begins with a brief overview of the seamount environ-
ment, showing how seamounts differ from other marine habitats in ways likely to infl uence 
community structure. The second section examines patterns of biodiversity, asking how 
the patterns of species richness on seamounts compare to non-seamount areas. Then ende-
mism, a specifi c aspect of diversity that has attracted much attention on seamounts, is con-
sidered by reviewing the prevalence of endemic species on different seamounts. The fourth 
section focuses on genetic and life history evidence for and against population isolation on 
seamounts, while the fi fth section covers the problems attendant upon establishing a bio-
geography of the open ocean. Finally, we cover the biogeographic affi nities of seamounts, 
asking in particular whether seamount faunas are most closely affi liated with the
nearest continental margin of similar depth, and whether emerging biogeographic region-
alizations, such as Longhurst’s (1998) provinces, provide a useful framework for examin-
ing and predicting species biogeography on seamounts.

We may expect that patterns of community structure, connectivity, and biogeography 
vary among nektonic, planktonic, and benthic components of the community. These com-
ponents are considered separately because their mobility differences are likely to change 
the dispersal potential of the species and its characteristic spatial and temporal scales and 
patterns: nekton are larger organisms that can swim against currents, plankton are smaller 
organisms that fl oat passively in the prevailing currents (thought they often can adjust 
their vertical position), and sedentary benthic invertebrates have limited mobility outside 
of a restricted larval stage.

In this chapter, we do not follow a strict defi nition of seamounts as being features 
over 1000 m high (see Preface). Studies from low seamounts are included and not 
differentiated.
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The seamount environment

Seamounts are small ‘islands’ of shallower habitat usually surrounded by deeper ocean 
(see Chapter 1). Depth is known to be an important factor for marine communities, and 
different communities are found in different depth zones (Tyler, 1995). This is likely due 
to a suite of environmental factors correlated with depth: light, amount of sinking organic 
matter, the presence of dense migrating zooplankton layers, pressure, oxygen, nutrients, 
and physical disturbance. Benthic communities found near the summits of seamounts are 
therefore unlikely to fl ourish in the deep sea as well, and, unlike the continental margin, 
are isolated from habitats of similar depth (see Chapter 7).

Several other factors differentiate the seamount benthic environment from the deep 
sea. The majority of the deep sea is covered with fi ne, unconsolidated sediments; hard 
substrates are rare (Tyler, 1995). In contrast, the steep slopes and accelerated currents over 
seamounts keep sediment from depositing and make bare rock surfaces common (Rogers, 
1994). While unconsolidated sediments are found on seamounts, many of the emergent 
epifauna common on seamounts, such as corals, sponges, and crinoids, that need a hard 
bottom cannot live in the typical unconsolidated deep seafl oor.

Finally, some seamounts generate hydrographic features like Taylor cones or recircu-
lating eddies (see Chapter 4). These may serve to retain water over the seamount and may 
restrict the dispersal of larvae and plankton, though how persistent and important these 
features are is an area of some debate (see Chapter 4). While the pelagic environment 
over a seamount is less clearly distinguished from the surrounding waters, there are still 
environmental differences. As discussed in Chapters 4 and 5, the movement of water over 
and by seamounts can concentrate plankton and retain it over the seamount, migrating 
zooplankton can impinge on the seamount summits, and upwellings can change nutrient 
and productivity characteristics of the waters.

Biodiversity

Biodiversity, a concept central to both the management and science of seamounts, 
refers to the diversity of all aspects of life in an area, from genetic and molecular diver-
sity through to the diversity of major phyla and body plans. In practice, biodiversity on 
seamounts has most commonly been measured by looking at the diversity of species. 
Theory might predict that seamounts would have comparatively low diversity. In many 
terrestrial and marine habitats, a general empirical relationship between habitat size and 
the number of species has been found (May, 1975; Rosenzweig, 1995). All else being 
equal, seamounts would be predicted to have fewer total species than, for example, large 
continental margins of similar depth. The theory of Island Biogeography similarly pre-
dicts that small, isolated patch habitats like seamounts should have fewer species than 
the source population, which is presumably a larger region like continental margins or 
the deep sea (MacArthur and Wilson, 1967). This assumes that colonization to seamounts 
comes from some external ‘mainland’ source, and that immigration decreases with dis-
tance (or isolation in a more general sense) from that source, two assumptions that have 
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not been rigorously examined on seamounts and which may not hold as well in the marine 
environment as for terrestrial islands. An alternative hypothesis argues that if the environ-
ment of deep seamounts is more stable over evolutionary time than continental margins 
(Vöros, 2005), they may have accumulated more species.

Good comparative biodiversity data are, unfortunately, sparse on seamounts. Estimates 
of diversity are infl uenced by both sampling effort and gear type. Comparing the species 
richness (the total number of species found) on a seamount with that on a nearby con-
tinental margin is often biased because the margins generally have received much more 
sampling, and gear is often more effective on smoother shelves and slopes than steep, 
rocky seamounts (see Chapter 7; Rowden et al., 2004).

Richer de Forges et al. (2000) plotted the number of species collected vs the number 
of samples for seamounts off New Caledonia in the southwest Pacifi c. They found that the 
relationship was linear: even for seamounts that had received �80 trawls or dredges, new 
species continued to be found at the same rate in each additional sample. This makes esti-
mating the total species diversity of the seamount nearly impossible. Tittensor and Myers 
(unpublished data, 2004) expanded this approach to look at all of the seamounts in the 
SeamountsOnline database (Stocks, 2005; http://seamounts.sdsc.edu), which have species 
records and for which the sampling effort is known. Of the 180 seamounts, the species 
accumulation curve had not begun to approach a horizontal asymptote. This dataset does 
not yet include recent intense research on, for example, the Great Meteor Seamount in the 
NE Atlantic and around New Zealand, but it is likely that the total species diversity is not 
known for any seamount.

Nevertheless, some comparisons of diversity on seamounts have been made, as meas-
ured by species richness in most cases (Table 13.1). The most complete data are for ben-
thic or near-bottom invertebrates. Of the six studies that compared seamount fauna to a 
nearby continental margin of similar depth, two found higher diversity, two found lower, 
and two found similar diversity (see table for references). Of the four studies comparing 
benthic invertebrates on seamounts to nearby deep seafl oor, two found higher diversity on 
seamounts, one found lower, and one was similar. Data for fi shes and pelagic invertebrates 
are too scattered to evaluate methodically, but no overall trend of elevated or depressed 
diversity emerges across groups.

These studies should be interpreted with caution, as most do not consider the differ-
ence in sampling effort between the seamount and the margin or deep-sea habitats, and 
they do not necessarily match the depth of sampling precisely between the seamount and 
margin. Contrary to the theoretical predictions, there is no indication from this small 
sample of a trend towards either lowered or elevated species richness on seamounts. This 
may be because the theories do not hold well on seamounts. Or it may be that a simple 
comparison does not account for other factors that can infl uence diversity (Rosenzweig, 
1995), such as a possible increased abundance per unit area on seamounts or differential 
habitat variability or patchiness on seamounts. It will be interesting to examine how diver-
sity may relate to latitude, depth, ocean basin, and distance from the continental margin as 
further data are collected.

The work reviewed here focuses on species richness. There are indications that species 
evenness, the other component of species diversity may be low on seamounts. Species 
evenness refers to the relative abundance of the species: a community where one or two 



 Biogeography and biodiversity of seamounts  259

T
ab

le
 1

3.
1 

D
iv

er
si

ty
 o

f 
bo

tto
m

-a
ss

oc
ia

te
d 

co
m

m
un

iti
es

 o
n 

se
am

ou
nt

s 
co

m
pa

re
d 

to
 o

th
er

 h
ab

ita
ts

.

D
iv

er
si

ty
 

C
om

pa
ri

so
n 

E
ff

or
t 

Ta
xa

 
Se

am
ou

nt
(s

) 
R

ef
er

en
ce

 
 

co
ns

id
.

B
ot

to
m

-a
ss

oc
ia

te
d 

fi s
he

s
L

ow
er

 (
at

 h
ab

ita
t l

ev
el

) 
M

ar
gi

n 
Ye

s 
Fi

sh
 

N
ew

 Z
ea

la
nd

: 1
0 

gr
ou

ps
 o

f 
se

am
ou

nt
s 

(h
ill

s)
 

 T
ra

ce
y 

et
 a

l. 
(2

00
4)

B
ot

to
m

-a
ss

oc
ia

te
d 

in
ve

rt
eb

ra
te

s
H

ig
h 

M
ar

gi
n 

N
o 

In
ve

rt
eb

ra
te

s 
E

ra
to

st
he

ne
s 

se
am

ou
nt

 
G

al
il 

an
d 

Z
ib

ro
w

iu
s 

(1
99

8)
H

ig
h 

N
on

e 
N

o 
B

am
bo

o 
co

ra
l 

N
ew

 Z
ea

la
nd

 s
ea

m
ou

nt
s 

Sm
ith

 e
t a

l. 
(2

00
4)

H
ig

h 
N

on
e 

N
o 

E
ps

ilo
ne

m
at

id
ae

) 
(N

em
at

od
a)

 
G

re
at

 M
et

eo
r 

G
ad

 (
20

04
a)

H
ig

he
r 

D
ee

p 
se

a 
Ye

s 
L

or
ic

if
er

a 
G

re
at

 M
et

eo
r 

G
ad

 (
20

04
b)

H
ig

he
r 

(m
ea

su
re

d 
M

ar
gi

n 
an

d 
de

ep
 s

ea
 

Ye
s 

B
ry

oz
oa

 
N

ew
 Z

ea
la

nd
 r

eg
io

n 
R

ow
de

n 
et

 a
l. 

(2
00

4)
by

 ‘
ta

xo
no

m
ic

 r
ic

hn
es

s’
)

L
ow

 
M

ar
gi

n 
N

o 
In

ve
rt

eb
ra

te
s 

C
ob

b 
Pa

rk
er

 a
nd

 T
un

ni
cl

if
fe

 (
19

94
)

L
ow

er
 

M
ar

gi
n 

Ye
s 

O
ph

iu
ro

id
ea

 
G

re
at

 M
et

eo
r 

an
d 

Jo
se

ph
in

e 
B

ar
ts

ch
 (

19
91

)
L

ow
er

 
D

ee
p 

se
a 

Ye
s 

Pr
im

ar
ily

 in
ve

rt
eb

ra
te

  
C

ro
ss

 
 

 
m

eg
af

au
na

 (
so

m
e 

fi s
h)

Si
m

ila
r 

D
ee

p 
se

a 
Ye

s 
B

en
th

ic
 f

or
am

s 
G

re
at

 M
et

eo
r 

H
ei

nz
 e

t a
l. 

(2
00

4)
Si

m
ila

r 
M

ar
gi

n 
N

o?
 

G
or

go
na

ri
a 

an
d 

A
nt

ip
at

ha
ri

a 
G

re
at

 M
et

eo
r 

an
d 

Jo
se

ph
in

e 
G

ra
ss

ho
ff

 (
19

85
)

Si
m

ila
r 

or
 h

ig
he

r 
M

ar
gi

n 
Ye

s 
A

zo
ox

an
th

el
la

te
 S

cl
er

ac
tin

ia
 

N
or

fo
lk

 R
id

ge
 s

ea
m

ou
nt

s:
 G

as
cy

on
e,

 T
au

po
,  

C
ai

rn
s 

(2
00

4)
 

 
 

 
D

er
w

en
t H

un
te

r, 
E

liz
ab

et
h 

R
ee

f,
 B

ri
ta

nn
ia

, 
 

 
 

 
G

if
fo

rd
, A

rg
o,

 N
ov

a

Pe
la

gi
c 

fi s
he

s
L

ow
er

 
D

ee
p 

se
a 

Ye
s 

Fi
sh

es
 (

m
es

op
el

ag
ic

) 
A

tla
nt

is
 a

nd
 G

re
at

 M
et

eo
r 

Pu
sc

h 
et

 a
l. 

(2
00

4)
H

ig
he

r 
D

ee
p 

se
a 

Ye
s 

Ic
ht

hy
op

la
nk

to
n 

G
re

at
 M

et
eo

r 
N

el
le

n 
an

d 
R

us
el

er
 (

20
04

)

Pe
la

gi
c 

in
ve

rt
eb

ra
te

s
L

ow
er

 –
 b

ut
 s

ee
 n

ot
es

 
D

ee
p 

se
a 

Ye
s 

E
up

ha
us

iid
s 

G
re

at
 M

et
eo

r 
W

ei
gm

an
n 

(1
97

4)
F

is
he

s 
– 

de
pt

h 
zo

ne
 u

nk
no

w
n 

or
 m

ix
ed

L
ow

 
N

on
e 

N
o 

Fi
sh

es
 (

sh
al

lo
w

) 
W

al
te

rs
 S

ho
al

s 
C

ol
le

tte
 a

nd
 P

ar
in

 (
19

91
)

L
ow

er
 

M
ar

gi
n 

N
o 

Fi
sh

es
 

V
em

a 
se

am
ou

nt
 

Pe
nr

ith
 (

19
67

)

In
ve

rt
eb

ra
te

 –
 d

ep
th

 z
on

e 
un

kn
ow

n 
or

 m
ix

ed
H

ig
h 

N
on

e 
N

o 
C

ar
id

ea
 (

D
ec

ap
od

a)
 

M
id

-P
ac

ifi 
c 

M
ou

nt
ai

ns
: H

or
iz

on
, H

es
s,

  
A

lle
n 

an
d 

B
ut

le
r 

(1
99

4)
 

 
 

 
H

am
ilt

on
, A

ga
ss

iz
, U

nn
am

ed
 g

uy
ot

 (
	

SI
O

),
 

 
 

 
D

ar
w

in
, u

nn
am

ed
 s

ea
m

ou
nt

L
ow

er
 

M
ar

gi
n 

N
o 

C
ep

ha
lo

po
ds

 
W

al
te

rs
 S

ho
al

s 
N

es
is

 (
19

94
)

L
ow

er
 

M
ar

gi
n 

Ye
s 

Sh
ri

m
p 

W
al

te
rs

 S
ho

al
 

B
ur

uk
ov

sk
iy

 (
19

92
)

C
om

pa
ri

so
n 

in
di

ca
te

s 
w

he
th

er
 th

e 
co

m
pa

ri
so

n 
is

 to
 th

e 
su

rr
ou

nd
in

g 
de

ep
 s

ea
, t

o 
th

e 
ne

ar
es

t c
on

tin
en

ta
l m

ar
gi

n,
 o

r 
if

 a
 g

en
er

al
 s

ta
te

m
en

t i
s 

gi
ve

n 
ab

ou
t t

he
 d

iv
er

si
ty

 (
e.

g.
, ‘

un
us

ua
lly

 
hi

gh
 d

iv
er

si
ty

’)
 w

ith
ou

t a
n 

ex
pl

ic
it 

co
m

pa
ri

so
n.

 E
ffo

rt
 c

on
si

d.
 in

di
ca

te
s 

w
he

th
er

 d
if

fe
re

nc
es

 in
 s

am
pl

in
g 

ef
fo

rt
 a

nd
 m

et
ho

d 
be

tw
ee

n 
th

e 
se

am
ou

nt
 a

nd
 th

e 
co

m
pa

ri
so

n 
ha

bi
ta

t w
er

e 
co

ns
id

er
ed

.Y
es

 in
di

ca
te

s 
so

m
e 

co
ns

id
er

at
io

n 
or

 d
is

cu
ss

io
n,

 th
ou

gh
 it

 m
ay

 n
ot

 b
e 

a 
st

at
is

tic
al

ly
 r

ig
or

ou
s 

tr
ea

tm
en

t. 
D

at
a 

ar
e 

ca
te

go
ri

ze
d 

by
 w

he
th

er
 th

e 
sa

m
pl

ed
 ta

xa
 a

re
 p

re
do

m
in

-
at

el
y 

pe
la

gi
c 

or
 n

ot
. W

e 
us

e 
th

e 
te

rm
 b

en
th

ic
 a

ss
oc

ia
te

d 
in

 th
e 

w
id

es
t i

nt
er

pr
et

at
io

n:
 it

 in
cl

ud
es

 d
em

er
sa

l, 
ne

ar
-b

ot
to

m
, a

nd
 ‘

be
nt

ho
pe

la
gi

c’
 g

ro
up

s.
 D

iv
er

si
ty

 is
 g

en
er

al
ly

 m
ea

su
re

d 
as

 s
pe

ci
es

 r
ic

hn
es

s 
(c

om
pi

le
d 

m
id

-2
00

5)
.



260  Seamounts: Ecology, Fisheries & Conservation

species are highly abundant and all the others are rare is considered less even and thus 
less diverse than one with the same number of species, but roughly even abundances of 
most of the species. Evenness on seamounts has not been rigorously examined, but many 
examples exist of seamounts dominated by one or a few very abundant species (e.g., Parin 
et al., 1997; Gad, 2004b; Tracey et al., 2004), a factor well known by commercial fi sher-
man targeting dense schools of commercial fi shes over seamounts.

Endemism

Endemics are species found in only a limited geographic region. With respect to seamounts, 
endemics are defi ned here as species that are found on one seamount or one chain of 
seamounts and nowhere else in the oceans. In discussions of endemism it is important to 
remember that the true rates of endemism can never be known: just because a species has 
been found only on one seamount to date, one cannot be certain it is not present elsewhere 
and simply has not been sampled. Thus, published rates of endemism are best considered 
as imperfect estimates of endemism; values may decrease as species ranges are more fully 
described, or may increase as cryptic species are differentiated. The uncertainty over levels 
of endemism is greatest for those taxa that have been least studied globally.

One of the drivers of seamount research has been the fi nding of highly endemic com-
munities on some seamounts. Wilson and Kaufmann (1987) reviewed species lists for
seamounts worldwide to create the fi rst overview of global rates of endemism on seamounts.
They concluded that 11.6% of fi shes and 15.4% of invertebrates reported from seamounts 
were endemic. These data covered 449 species of fi sh and 596 species of invertebrates 
from 100 seamounts, although, because of uneven sampling, 72% of the data came from 
just 5 seamounts.

Since Wilson and Kaufmann, two major studies have raised the potential for far higher 
rates of endemism. Richer de Forges et al. (2000) describe intense sampling efforts on 
three groups of seamounts in the SW Pacifi c: the Norfolk Ridge seamounts, the Lord 
Howe seamounts, and the Tasmanian seamounts (see Chapter 5). They found that 29–
34% of all fi sh and invertebrates captured were new to science and potential endemics. 
A total of 516 species were collected, which represents an almost 50% increase in known 
seamount species over Wilson and Kaufmann’s (1987) review. In a less-cited work, Parin 
et al. (1997) summarized multiple Soviet expeditions to 22 seamounts on the Nazca and 
Sala-y-Gómez chains in the southeast Pacifi c. They found endemism rates of 51% for 
bottom/near-bottom invertebrates and 44% for fi shes. The number of species this repre-
sents is substantial: 192 species of invertebrates and 171 species of fi shes.

A later global summary of seamount fi sh data, however, found lower endemism. Froese 
and Sampang (2004) collected data on fi shes from 60 seamounts globally and found that 
12% were endemic. They defi ned endemics as species recorded from a single seamount; 
this is more restrictive than the more common defi nition that allows endemic species to be 
found on several seamounts of a single seamount chain or group, so it may not contradict 
the higher rates reported for chain-level endemism. Note also that the data in Froese and 
Sampang (2004) partially overlap with the data in Wilson and Kaufmann (1987).

Since Wilson and Kaufmann (1987), there have been a number of published rates of 
endemism for particular seamounts or restricted taxonomic groups. As shown in Table 13.2, 
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the reported rates of endemism vary between 0% and 100%, though it should be noted that 
the extreme values are often for very small studies of just a few species, or for very poorly 
known groups such as the Loricifera. The studies also vary in how they counted endemism. 
Together, these studies give an average endemism of just under 20% when studies are 
weighted by the total number of species.

These rates of endemism need to be considered in comparison to other marine habitats.
Though there is much variability, seamounts have a range of endemism on a par with marine 
communities on isolated islands: e.g., 3–28% for shorefi shes of the central Atlantic and 
eastern Pacifi c Islands (Robertson, 2001) and 18–24% for molluscs on isolated tropical 
Pacifi c Islands and archipelagos (Kay, 1979; Rehder, 1980; Brook, 1998). Seamount rates 
appear lower than those for hydrothermal vent fauna, another distinct and isolated deep-
sea community: of 443 vent species report in Tunnicliffe et al.’s (1998) review, 61% have 
been recorded only from vents in one geographic region, with an additional 6% where the 
distribution is unclear. This count did not include 32 species categorized as ‘vagrants’ or 
‘visitors’ observed at vents.

It is important to remember that these data represent a small and biased sampling of 
seamounts. Taxonomically, fi shes are covered best, followed by molluscs, and then crust-
aceans. Representation of other groups is scattered and sparse. One pattern that does 
emerge to date is the suggestion of lower endemism in fi shes than benthic invertebrates. 
Wilson and Kaufmann (1987) found this in their review, as did Parin et al. (1997) in their 
extensive SE Pacifi c work. None of the fi sh studies in Table 13.2 found rates of endemism 
over 50%, while seven of the invertebrate studies had rates this high. Whether this refl ects 
a real pattern in endemism, or merely our more advanced taxonomic and biogeographic 
knowledge of the fi shes, is not clear. It is not a surprising pattern, though, considering 
that adult fi shes are more mobile than adult benthic invertebrates, and thus may have more 
genetic mixing with off-seamount populations.

Geographically, the most comprehensive data come from the NE Atlantic, the SW 
Pacifi c (including work on the Norfolk, Lord Howe, Tasmanian, and New Zealand 
seamounts), and the Nazca and Sala-y-Gómez chains in the SE Pacifi c. Limited data 
are available for the SE Atlantic (primarily from Vema seamount), the central Pacifi c 
(Hawaiian, Emperor, and Mid-Pacifi c Mountains), a couple of seamounts from the Indian 
Ocean, and a few isolated reports. Major gaps exist in the low-latitude seamounts of all 
oceans, the Arctic and Antarctic, the western Atlantic, most of the Indian, the Indonesian–
Philippine region, and the south central Pacifi c, though expeditions underway at the time 
of writing will bring new information for the NW Atlantic, Alaskan Seamounts, Hawaiian 
chain, and Antarctic region. Overall, the existing data are too patchy for geographic 
patterns such as relationships to latitude, longitude, or water mass in endemism to be 
examined.

Despite these gaps, two interesting points emerge that are relevant to assessing the 
applicability of existing marine biogeographic theory to seamounts. First, the Nazca and 
Sala-y-Gómez seamounts and the Hawaiian/Emperor seamounts are both near the outer 
limits of the Indo-West Pacifi c (IWP) region, but vary in their endemism. The Nazca and 
Sala-y-Gómez area has high endemism (44–52%; Parin et al., 1997), but the Hawaiian/
Emperor seamounts are relatively low, as least with respect to the fi sh fauna (5–12%; 
Stocks, 2004). Mora et al. (2003) found that shorefi sh endemism in the IWP region 
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increased with distance from the centre of diversity in Indonesia and the Philippines and 
predicted this would be a general biogeographic pattern. While it is not wise to draw fi rm 
conclusions from a sample of two seamount chains, the existing seamount data do not 
support this conclusion.

Second, of the seamount areas that have received community surveys, the two with the 
highest endemism are the Nazca and Sala-y-Gómez seamounts and the Norfolk Ridge 
chain. The Nazca and Sala-y-Gómez seamounts are a long chain of tall seamounts that 
vary greatly in depth, are isolated from the nearest continental margin by a deep trench, 
and are at the furthest extreme of the IWP (Parin et al., 1997). The Norfolk seamounts 
are a few small seamounts and hills in the SW Pacifi c near New Caledonia, quite close to 
nearby islands and closer to the centre of IWP diversity. In short, these two areas vary in 
the primary characteristics thought to infl uence endemism. It looks likely, therefore, that 
endemism on seamounts will not be predictable from any single, simple, factor, but will 
need more complex models.

In conclusion, seamounts span a spectrum of endemicity. While improvements in tax-
onomy and sampling in the deep sea in general might substantially change our current 
views of the magnitude and patterns in seamount endemicity, there is evidence that at 
least some seamounts or seamount chains may support unique species. This argues that 
seamounts host, to some degree, isolated and distinct communities. At present, we are 
not able to generalize the patterns in endemism to predict from sampled seamounts to the 
approximately 100 000 unsampled seamounts. Some progress in this area could be made 
with further analysis of existing data. The references cited in Table 13.2 are restricted to 
studies where the authors reported endemism levels; many more studies have reported 
lists of species found on seamounts. A better perspective on endemism could be developed 
by examining the known distribution of each of the species reported from a seamount to 
determine which could be endemic. The highest potential for future progress is held by 
sampling using standardized methods including both genetic and morphological identifi -
cation in different regions and along gradients of depth, distance, and other variables.

Population isolation

Another approach to considering the level of isolation on seamounts is to ask whether 
species that are not endemic to seamounts have genetic exchange with conspecifi cs 
(individuals of the same species) living off seamounts, or whether the seamounts sup-
port distinct populations. There is ample evidence that large, mobile, pelagic species such 
as tuna, turtles, marine mammals, and seabirds actively move between seamount and 
non-seamount areas (see Chapter 10; Hui, 1985; Blaber, 1986; Haney et al., 1995; Yen 
et al., 2004). Beyond these taxa, the picture is less clear. This can be evaluated through 
several methods: tracking individual organisms to see if they move between seamount 
and non-seamount areas, looking for genetic differentiation between seamount and 
non-seamount conspecifi cs, and examining the life history characteristics of seamount 
species. Morphology has also been used to look for differentiation between seamount and 
non-seamount conspecifi cs (see Rogers, 1994). However, it can be diffi cult or impossible 
to determine with morphology alone whether or to what degree any differentiation seen is 
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due to genetic isolation or simply to different phenotypes emerging in response to envir-
onmental differences.

Estimating population isolation on seamounts is a question of degree. Widely distrib-
uted species are found in the oceans, including on seamounts, indicating that the continu-
ous fl uid environment of the ocean can transport species globally. One example is fi shes 
of the family Liparidae (snailfi shes) which are thought to have originated in the North 
Pacifi c (Andriashev, 1986) and dispersed south to the Antarctic where this family now 
forms 31% of the fi sh fauna. Conversely, there is also ample evidence that the oceans 
are not fully mixed with respect to dispersal: biogoegraphic boundaries, species inva-
sions, hotspots, and genetic isolation do exist (Ekman, 1953; Creasey and Rogers, 1999; 
Hellberg et al., 2002; Briggs, 2003).

Genetic evidence

Genetic studies can provide compelling evidence regarding population isolation but, to 
date, few have been published from seamounts. Three studies of fi shes found no genetic 
differentiation between seamount and nearby non-seamount populations: the trevalla 
Hyperoglyphe antarctica around Australia (Bolch et al., 1994), a boarfi sh species (Pen-
tacerotidae) on the Hawaiian chain (Borets, 1980), and the alfonsino Beryx splendens in 
the southwest Pacifi c (Hoarau and Borsa, 2000). Two other studies looked at the genetics 
of seamount populations and found no differentiation, but could not be certain that the 
sequences used had suffi cient mutation rates for recent speciation to be found: France and 
Hoover (2002) for octocorals of the subclass Octocorallia, and Smith et al. (2004) for the 
bamboo coral Keratoisis, also an octocoral. Bucklin et al. (1987) compared the amphipod 
Eurythenes gryllus on the top and base of Horizon seamount to individuals collected at 
widely separated deep-sea sites and found that all the deep-sea specimens were similar, 
but the seamount specimens were distinct. However, France and Kocher’s (1996) work on 
a larger set of samples from this species suggests the alternative interpretation that this 
species is divergent across depth zones, but homogeneous within depth zones even over 
large geographic areas. There have also been genetic studies on orange roughy (Smith 
et al., 1986, 2002), spiny lobster (Gopal et al., 2006), Patagonian toothfi sh (Rogers et al.,
2006), and the deep-sea fi sh Helicolenus (Aboim et al., 2005), none of which have sup-
ported endemism.

None of these studies have found convincing evidence of genetic isolation on seamount 
populations; indeed seamount endemism has been questioned by the population genetic 
structure of marine invertebrates (Samadi et al., 2006). It is diffi cult to reconcile the lack 
of genetic differentiation with the common occurrence of endemism on seamounts. If one 
assumes that endemicity is the result of local speciation and not relict populations, then 
genetic isolation should be present. It is possible that these few studies, which are biased 
towards more mobile fi shes, are not representative of seamount communities in general.

Dispersal characteristics

Another way to look at population isolation on seamounts is through examining life his-
tory characteristics. Models for the recruitment of seamount species are suggested by 
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Rogers (1994; Fig. 4). He proposes four mechanisms for recruitment, each of which has 
some evidence supporting it:

1. Immigration from non-seamount areas. The lack of genetic differentiation found in the 
studies reported above indicates that some external recruitment must occur in some 
species. However, the isolation of many seamounts from areas of similar depth and 
habitat type argues that entirely external recruitment is unlikely; some young produced 
locally on a seamount are likely to settle on that seamount.

2. Eggs and larvae are transported away from the seamount but juveniles recruit back to 
it. The armourhead Pseudopentaceros wheeleri is a species known to use this strategy, 
with larvae dispersing widely but juveniles recruiting back to the seamount after about 
2 years (Boehlert and Sasaki, 1988).

3. Larvae are retained over the seamount by hydrographic conditions and remain on their 
seamount of origin. As discussed in Chapter 4, recirculating Taylor cones or columns 
have been recorded over seamounts and could serve to retain larvae over seamounts. 
While there is doubt whether these features are persistent enough through time to facili-
tate local resettlement of larvae, there is evidence of larval trapping and resettlement 
over seamounts. Dower and Perry (2001) found elevated concentrations of fi sh larvae 
from seamount species over, compared to away from, a seamount that had a Taylor 
column, implying that retention can occur. Mullineaux and Mills (1997) also found 
local concentrations of planktonic larvae, and additionally documented that settlement 
plates placed in situ on around Fieberling Guyot for 3–6 months showed a larval settle-
ment pattern consistent with larval retention in the circulation cell observed over the 
seamount.

4. Larval behaviour retains larvae over their seamount of origin. Little work has been 
done on the larval behaviour of seamount species in particular. In other habitats, larvae 
have been found to move vertically in the water column to affect where they settled 
and how they disperse (Young, 1995), or post-larvae can attach to fl oating mate-
rial like kelp to assist dispersal (Havenhand, 1995; and references therein). Multiple 
examples have been found of small-scale genetic isolation in species with larvae capa-
ble of long-distance dispersal (Taylor and Hellberg, 2003; references in Palumbi and 
Warner, 2003), or species with no free larvae having wide distributions (Johannesson, 
1988): presumably, behaviour must modify the dispersal potential of these species.

Researchers considering whether seamount populations have external or local recruitment 
have also examined the kind of larvae seamount species produce. The hypothesis is that 
larvae having no planktonic phase or a very short one are unlikely to be carried away 
from their seamount of origin. Parker and Tunnicliffe (1994) catalogued the presence and 
length of the pelagic larval phase in all of the species collected from Cobb Seamount in 
the NE Pacifi c and compared them to coastal communities at a similar depth. They found 
that species with direct development (no free larval stage for dispersal) and species with 
short-lived larvae were more common on the seamount than those with medium or long-
lived larvae, supporting the hypothesis. Calder (2000) found a similar result for hydroids: 
71% of the species found on seamounts near Bermuda have fi xed sporosacs (i.e., no free 
medusa stage), compared with only 17% with free or short-lived medusa. In contrast, two 
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other studies (Gillet and Dauvin, 2000, for polychaetes, and Avila and Malaquias, 2003, 
for molluscs) found no pattern with respect to direct vs planktotrophic development.

Recent studies on the origin of biodiversity in the ocean present an entirely different 
perspective on how life history characteristics infl uence seamount communities. They 
propose that certain areas in the ocean are speciation hotspots which act as a source of 
species that are distributed widely (Briggs, 1995, 2003; Mora et al., 2003). A study by 
Mora et al. (2003) examined the large-scale patterns in the distributions of reef fi shes in 
the Indian and Pacifi c oceans. Although reefs are not seamounts, these fi ndings can infer 
what might be expected on seamounts if similar processes are at work. The fi rst part of the 
study established that the Indonesian and Philippine region is likely to be a centre for the 
origin of new species of reef fi shes. The study then examined data on the larval duration 
of Labrid and Pomacentrid fi shes and found that it supported the hypothesis that species 
found further from the hotspot are more likely to have longer-lived larvae. If seamounts 
prove to be isolated communities, then one might expect a higher, not a lower, proportion 
of dispersal-adapted species.

Gofas and Beu (2002) found support for this trend in their study of tonnoidean gas-
tropods on a suite of NE Atlantic seamounts. They found that species with teleplanic 
(extremely long-lived) larvae were much more common on these seamounts than in contin-
ental margin populations, even though some of the species appear to be endemic or have 
isolated populations. They further show that some of the now-isolated populations had 
much wider distributions in the fossil record, indicating their capacity for long-distance 
dispersal. They hypothesize that the observed isolation of seamount populations results 
from narrow environmental requirements and not the inability to disperse.

As mentioned above, behaviour can also infl uence the actual dispersal of a popula-
tion. In light of this, and the lack of a consistent correlation between larval duration and 
dispersal, larval type is perhaps best viewed as just one of the several factors infl uencing 
how open or closed a population is (Havenhand, 1995).

It is also important to remember that the debate over whether seamount populations are 
self-recruiting or open to external recruits depends on whether one has an ecological or 
evolutionary/biogeographic perspective. A seamount population that receives only a few 
external recruits per year can be said to be self-recruiting from an ecological perspective: 
clearly the population can maintain itself. But a relatively few recruits might be suffi cient 
to ensure genetic mixing with the external members of the community, and also allow a 
distant site to serve as a source of immigrating species over time.

Establishing a biogeography of seamounts

The biogeography of the ocean as we sample it will be a snapshot of a dynamic process in 
which species are evolving adaptations to local conditions (Briggs, 2003). The most desir-
able approach to estimating the present distributions of the ocean’s fl ora and fauna is to 
obtain detailed data on the distributions of the major species of plants and animals, and to 
analyse these distributions to discern their spatial patterns and the variation in community 
structure. In terrestrial systems this has produced well-defi ned biomes that are separated 
from each other by clear discontinuities. The ocean, however, presents unique challenges. 
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Terrestrial biogeography is primarily based on the distribution of sessile plant commu-
nities, which are correlated with global climatic patterns (MacArthur, 1972). In contrast, 
most primary producers in the open ocean are microscopic in size, have short generation 
times and are much more temporally variable. The major vegetation types on land can 
be remotely sensed, but this is not true in the oceans. Obtaining synoptic data with wide 
spatial coverage on marine communities requires expensive in situ sampling, and diffi -
cult taxonomic analysis needing a signifi cant investment in the training of personnel. The 
pelagic components of the ocean bring the further challenge that they are not rooted in 
place, but rather live in a fl uid environment where boundaries are less distinct and more 
variable than on land.

Despite the challenges, biogeographic regionalizations have been proposed in the 
marine realm. Multiple hotspots of diversity have been identifi ed in shallow-water areas 
(Briggs, 2003). Mora et al. (2003) used data from the IWP region to demonstrate that 
diversity decreased with distance away from the IPR centre of this region, and that this 
pattern was more consistent with the IPR being a centre of speciation than with the 
competing hypotheses that it has high diversity because it is an area where several other 
regions overlap, or that hydrographically it acts as a passive accumulator of species evolved 
elsewhere. In the pelagic realm, various biome schemes have been developed, which are 
discussed more fully below. For the deep seafl oor, biogeographic boundaries have been 
proposed (Briggs, 1995; Vinogradova, 1997), but evaluations are still in the preliminary 
stages (Levin et al., 2001).

If biogeographic regions have any value, they should be able to support predictions 
about the types of communities to be found on seamounts. Because different models and 
states of knowledge exist for benthic and pelagic communities, they are discussed separ-
ately below.

Biogeographic affi nities of benthic invertebrate communities on seamounts

Wilson and Kaufmann (1987) concluded that the majority of seamount communities are 
most closely affi liated with the nearest continental margin. Later studies (Table 13.3) do 
not obviously contradict this fi nding. When endemic species are not considered, seamount 
benthic invertebrate communities seem similar to the nearby margins or, for isolated 
seamounts, to nearby islands. Of 24 studies reviewed in Table 13.3, just two invertebrate 
surveys and one macroalgal study (Cecere and Perrone, 1988; Markhaseva and Schnack-
Schiel, 2003; Primo and Vazquez, 2004) found communities that were not typical of the 
general biogeographic region. Rao and Newman (1972) and Parin et al. (1997) also noted 
that fi nding IWP faunas on mid- and SE Pacifi c seamounts suggest that these areas prop-
erly belong in the IWP region (Randall, 1998; Mora et al., 2003).

The remainder of the studies fall into two groups. Some explicitly reported that the 
seamount faunas found were similar to nearby non-seamount regions. Others that the 
seamounts supported a mix of cosmopolitan species and those limited to the nearby mar-
gin. Without direct comparison, it is possible that this latter group may have different pro-
portions of local vs widespread species, but as reported they do not contradict an affi nity 
to the nearby regional species pool. Though several range extensions or exceptions were 
noted (e.g., Kensley, 1981; Nesis, 1994; Gofas and Beu, 2002), they did not change the 
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overall affi liation of the fauna. If it holds with further study, this affi nity of seamount 
and local region fauna suggests that theory developed for non-seamount habitats might 
also apply to seamount biogeography. That said, the prevalence of endemic species on 
seamounts, and the variability in species from seamount to seamount within a region 
based on seamount-specifi c factors like depth and substrate type mean that bioregionali-
zations have limited ability to predict the benthic community on any particular seamount.

Infl uence of pelagic biogeography on planktonic biota over seamounts

A biogeography of the pelagic realm of the ocean must use different criteria to those 
used for terrestrial systems and perhaps also for benthic marine organisms (Briggs, 1995; 
Longhurst, 1998). Pelagic biogeography has to be related more to the three-dimensional 
structure of the upper ocean and distributions need to be defi ned in terms of current sys-
tems which may well move in different directions at different depths.

The only dataset that comes close to achieving a synoptic view of the distribution 
of organisms in the pelagic zone is that gathered by the Continuous Plankton Recorder 
(CPR) Survey, which has been running since 1947 in the North Atlantic (Barnard et al.,
2004; Beaugrand, 2004; Edwards, 2004). These datasets have been used to defi ne com-
munities with spatial limits and characteristic sets of plants and animals (Colebrook, 
1979; Beaugrand et al., 2002). The latter study defi nes ecotones (boundaries between eco-
logical regions) based on the distribution of calanoid copepods over a 40-year period. 
Other attempts at an ocean-wide biogeography have been tried by using a restricted set 
of species, e.g., euphausiids (Brinton, 1962; Mauchline and Fisher, 1969; Gibbons, 1997) 
and calanoid copepods (Mauchline, 1998; Woodd-Walker et al., 2002).

Biological oceanographers have also tried to defi ne the limits of pelagic biomes using 
physical oceanographic data. Variables such as temperature, salinity, and pressure are eas-
ier to measure with electronic devices and the coming of satellite data has ramped up the 
level of spatial and temporal coverage. In particular, it is now possible to obtain near syn-
optic data on surface colour which can be used to estimate chlorophyll pigment concen-
tration and therefore phytoplankton biomass.

Several such biome schemes exist. One is the large marine ecosystem (LME) approach 
of Sherman (1991, 1992) where LMEs for coastal areas are based on bathymetry, hydrog-
raphy, productivity, and trophically dependent populations. Another is Briggs’ (1995) clas-
sifi cation of the ocean into fi ve broad biogeographic regions: cold or polar, boreal, warm, 
temperate, and tropical. A third, and more detailed, is Longhurst’s (1998) delineation and 
mapping of pelagic ecosystems based on productivity regime, developed using extensive 
satellite data and 26 000 profi les of primary production. The key variables in Longhurst’s 
scheme are shown in Table 13.4 and his conceptual approach is outlined in Fig. 13.1. 
Longhurst’s scheme has been supported, and refi ned through, work by Beaugrand et al.
(2002) on calanoid copepod biogeography, by Woodd-Walker et al.’s (2002) study of cope-
pod distributions along the North–South length of the Atlantic, and by study of the pres-
ence/absence distribution of euphausiids in the Southern Ocean (Gibbons, 1997).

The Longhurst biogeography (see Longhurst, 1998, endpapers, for maps) predicts 
that the planktonic fauna and fl ora should refl ect that of the biome and province in 
which the seamount is situated. So, the patterns of the main zooplankton groups shown in 
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Fig. 13.2 should be found refl ected in the waters overlying the seamounts in the respective 
biomes. As the evidence indicates that the biomass of phytoplankton and zooplankton can 
be higher over seamounts or downstream of them (Rogers, 1994; Parin et al., 1997), we 
might expect a concentration of species in the areas of seamounts but the species com-
positions will not necessarily be different (Genin, 2004; Valle-Levinson et al., 2004). It 
has been shown that seamount topography can locally focus prey availability for fi sh and 

Determine the global patterns

of  the physical factors that

force the Sverdrup model of

primary production

Estimate the amount of

primary production and its

composition by size (negative

relationship between Chl a and

cell size

Determine the quantities and

types of  zooplankton, fish,

mammals, and birds that can

be supported

Rules of  this translation not

well understood or absent

Fig. 13.1 The hypothesis behind Longhurst’s (1998) delineation of pelagic biomes.

Table 13.4 The environmental variables required to provide a complete picture of how the Sverdrup model of 
primary production will change with global position.

Variable Comment

Latitude Determines if wind stress induces mixing or momentum
Depth of water Stratifi cation may be overturned in shallow water by tidal stress
Proximity of coastline Effects of river effl uents and coastal upwelling
Season irradiance cycle Forces photosynthesis, stratifi cation, and ice
Local wind regime Forces mixing or vertical Ekman transport of nutrients
Local precipitation regime May induce near-surface stratifi cation
Distant forcing of pycnocline depth Modifi es effects of local wind mixing
Nutrients in intermediate water mass Modifi es upward nutrient fl ux
External sources of Fe Lack of which may constrain nutrient uptake

From Longhurst (1998, p. 43).
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marine mammals, and more mobile fauna can be attracted to seamounts (see Chapters 
10–12). There is however no suggestion that the focusing process can create a long-term 
community structure over a seamount that is different from the surrounding pelagic 
community. As discussed in the second part of this book, retention times of water over 
seamounts through a Taylor Proudman process (i.e., Taylor cone or column) may not 
be permanent enough to ensure a unique planktonic fl ora or fauna to develop over a 
seamount (Freeland, 1994).

An interesting study of fi sh over Cobb Seamount by Dower and Perry (2001) illus-
trates how the fi sh fauna can be a combination of local species and species that are rep-
resentative of the biogeographic area in which the seamount is located. They found that 
the community of fi sh larvae in the waters above the seamount was divided into larvae 
of Sebastes spp. (rockfi sh) and larvae of representatives of the mesopelagic fi sh fauna of 
the NE Pacifi c. These were species belonging to the family Myctophidae. Sebastes larvae
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were found to be most abundant over the seamount during the June sampling period 
whereas the myctophid larvae were equally abundant over the seamount and off it. Dower 
and Perry (2001) propose that the Sebastes larvae arose from adult spawners resident on 
the seamount and that the larvae are retained by a Taylor cap process, which can keep 
water over the mount for about 30 days. The myctophids are pelagic spawners and the 
presence of larvae over Cobb is likely to be caused by advection.

Conclusions

The biodiversity and biogeography of seamounts reveal varying degrees of isolation and 
uniqueness of their fauna. Physical characteristics predict that seamounts represent, at a 
minimum, a distinct habitat: in addition to their clear depth difference from the surround-
ing deeper seafl oor, they tend to have steep slopes and hard bottoms that are unusual in the 
deep sea and, on some seamounts, water features such as Taylor cones and eddies serve to 
retain water locally. When evaluating whether these processes are refl ected in a distinct 
and isolated seamount community, the evidence is mixed. On one end of the spectrum, 
most genetic studies have not found a clear pattern of differentiation over seamounts, 
though these studies are few in number and biased towards fi shes, which are likely to be 
the most mobile element of the seamount fauna. And at present there is no obvious trend 
towards either elevated or reduced species richness over seamounts, despite species-area 
and Island Biogeography theory predictions that diversity should be depressed compared 
to the continental margin or the deep sea.

At the other end of the spectrum, perhaps the most compelling argument for seamounts 
as isolated communities is the high levels of endemism apparently found on many. Even 
considering that our extremely limited sampling of the deep sea means that we have lit-
tle knowledge of the true rates of endemism in most, if not all, species, it is diffi cult to 
dismiss as pure artefacts the rates of 10–50% that have been found in large-scale studies 
of benthic and near-bottom fauna. Examining reproductive characteristics of species from 
seamounts offers an intriguing method for linking endemism to processes of dispersal, 
though the topic is in its infancy, both on seamount and in the deep sea in general.

Findings of distinct seamount assemblages and substantial levels of endemism are 
largely restricted to the benthic and near-bottom organisms. What we know of pelagic 
biogeography leads us to conclude that the pelagic fauna of a seamount should refl ect that 
of the region in which it is located. There might be some ephemeral concentration of spe-
cies over the short term, but in general the long-term hydrography around seamounts is 
too unstable to retain a distinct pelagic fauna or fl ora. This remains to be rigorously tested 
empirically, but if this is the case then schemes such as Longhurst’s (1998) will satisfactor-
ily predict the composition of pelagic communities over seamounts.

The differences between the pelagic and benthic realms are important for framing 
seamount management and research. If, as the data suggest, the pelagic component of 
the seamount community is not highly distinct in composition, though abundances may 
vary, from surrounding waters, management scenarios should consider seamount fi sheries 
as part of a larger regional management plan. The benthic community, however, is more 
likely to support species that are either not found (endemic) or rare in the larger deep sea 
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or continental margins, and which may have some degree of local recruitment. In this 
case, recognizing seamounts as a distinct habitat to manage, though one not entirely dis-
connected from its surroundings, seems wise (see Chapter 20). With respect to research, 
bioregionalization schemes may be useful for grouping seamounts and identifying gaps 
in sampling globally for the pelagic community. In contrast, benthic communities may 
refl ect more local conditions like depth and substrate type, and may have endemic spe-
cies. Developing classifi cation schemes specifi cally for seamounts, as Rowden et al.
(2005) have done, and then testing them may be more informative than using regional 
classifi cations.

Not surprisingly for a habitat that is deep, isolated, and diffi cult to sample, the clearest 
conclusion supported by this survey is how much research remains to be done. The rise 
in seamount research during the 1990s and early 2000s discussed in Chapter 3 is encour-
aging. Perhaps in the near future we will be able to write a seamount book that includes 
predictive models and a process-based understanding, instead of description.
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Chapter 14

Raiding the larder: a quantitative 
evaluation framework and trophic signature 
for seamount food webs

Tony J. Pitcher and Cathy Bulman

Abstract

A logical framework for analysing food webs on seamounts is proposed in which each 
functional component is driven by physical processes that derive from ocean currents and 
geomorphology, or by the presence of other food web organisms. Not every functional 
component may be present on every seamount. Seamount food webs are based upon 
retention or local enhancement of primary and secondary plankton, driven by upwelling 
and other nutrient enrichments. In some cases, sessile fi lter feeders may encourage both 
detrital food chains and foraging visitors, but many seamounts attract large fi sh, seabirds 
and marine mammals. Seamounts seem to act as a food store (‘larders’) and may display 
a characteristic food web signature. We explore the linkages between the trophic ecology 
of seamount organisms, their life history strategies, and the complexity and resilience of 
seamount food webs. Inevitable gaps in fi eld data might be plugged by meta-analysis and 
seamount food web modelling.

Introduction

In a key, classic paper on seamount ecology, Koslow (1997) mentions ‘dining at the 
seamount café’; the analysis of food webs in this chapter suggests support for this idea 
that seamounts are like living larders or oases for visiting marine animals that also live 
and feed elsewhere in the ocean. Organisms resident at seamounts are raided by many ani-
mals important for conservation that are attracted to feed. Human fi sheries for residents 
and visitors are opportune, but have proved hard to control and have tended to ‘empty the 
larder’. Here we suggest an additional mechanism contributing to the larder; a factor that 
may have also encouraged the evolution of characteristic seamount life history traits such 
as longevity and the ability to withstand intermittent food supplies.

Seamount food webs are structured by the habitat template created by ocean geomor-
phology and physics (Chapters 1, 2, 4 and 5), and in particular by the various mechanisms
that may retain and locally enhance plankton production. The basis of all seamount food
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webs is driven by these physical processes, while other functional components of the eco-
system also rely upon them, or upon the arrival and residence of other food web organ-
isms. On account of variation in the physical processes, not every functional component 
in the food web may be present on every seamount. Most seamount food webs are based 
upon retention or local enhancement of primary and secondary plankton, driven by 
upwelling and other nutrient enrichments. In some cases sessile fi lter feeders may encour-
age the establishment of detrital food chains and encourage foraging visitors, but most 
seamounts attract aggregations of fi sh, and their marine mammal, large fi sh and cephalo-
pod predators (Chapters 10 and 11). Relatively shallow seamounts attract seabirds, tuna 
and possibly marine turtles, as will be shown later in this chapter (see also Chapter 12B).

There is considerable information about the diets of seamount residents and visitors, 
but little quantitative data upon which to base management and conservation interventions. 
Moreover, seamount organisms vary greatly in their robustness to local extirpation by the 
vagaries of ocean climate or by the depredations of human fi shing. Based on the functional 
groups of organisms, we present a logical framework for analysing food webs on seamounts, 
which can serve as a way of evaluating the likely impacts of human and climatic factors.

A logical framework for analysing food webs on seamounts

The aim is to describe a framework of measurable attributes of seamount food webs that 
shows how the different elements interact to produce the range of seamount ecosystems. 
Although geologically young, on biological time scales, most seamounts have existed for 
a very long periods of time (Chapter 1). Seamounts are very varied, and it is hard to fi nd 
‘typical’ attributes that all may posses. For example, in a survey of 800 seamounts in the 
New Zealand EEZ, Rowden et al. (2005) found that they, ‘span a wide range of sizes, 
depths, elevation, geological associations and origins, and occur over the latitudinal range 
of the region, lying in different water masses of varying productivity, and both near shore 
and off shore’. Hence, our emphasis is on dynamic processes that generate the seamount 
food ‘larder’ and we attempt to avoid problems that arise from adopting rigid defi nitions. 
The scheme is explained using a series of diagrams presented in Fig. 14.1.

In the fi rst panel, Fig. 14.1a, the depth of the seamount peak determines whether mac-
rophytes may grow or not, although currents and turbidity may also inhibit possible plant 
growth. Generally, only very shallow seamounts have kelp, such as Bowie seamount in 
British Columbia (see Chapter 20; McDaniel et al., 2003; WWF, 2003), and the seaweed 
may also act as a refuge for fi sh and may foster detrital retention. And, as noted by Darwin 
(see Chapters 3 and 21) coral reefs grow on very shallow fl at-topped eroded seamounts 
termed guyots (Chapter 1). Even without coral or algal growth, shallow seamounts that 
have their summit in the photic layer are classifi ed separately because of the implications 
for summit-dwelling organisms (Genin, 2004). Seamounts vary between 100 and 10 000 m 
summit-to-base (Wessel, 2007; Chapter 1), and over geological time scales, isostatic 
effects affect the height. Most are at least 2.5 km tall, matching the typical mid-ocean ridge 
depth, and therefore only large seamounts have their summit in shallow water (Chapter 1).

Secondly, Fig. 14.1b shows that the depth of the peak and the height of the mount 
itself have important physical consequences (Chapter 4) that may include a connection 
of the seamount to deep ocean processes, including upwelling of nutrients. Intermediate 
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Fig. 14.1 Panels a to r: The various components that may make up a seamount food web and used as the basis of 
the Ecosystem Evaluation Framework (EEF) described in Chapter 21. For further explanation see text.

seamounts are those with the summit below the photic layer but shallower than the day-
time depth of most of the vertically migrating zooplankton (�400 m), and deep seamounts 
have their summit below 400 m (Genin, 2004).

The third panel (Fig. 14.1c) shows that proximity to coastlines and other seamounts affects
the local current regime on a seamount. Many seamounts are aligned in linear, sub-parallel
chains in the direction of tectonic plate movements, at hotspots, at plate boundaries and at 
plate subduction zones (Montelli et al., 2004). As the distribution of seamounts is approx-
imated by a power law, the result of this geomorphology is that many seamounts have near
neighbours that may be aligned with ocean currents (e.g., Wessel, 2001). Large-scale ocean
eddies can be split by seamounts and give up over half of their water (White et al., 2007; 
Chapter 4).
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Figure 14.1d illustrates the settlement of planktonic larvae of plants, benthic fi lter feed-
ing organisms such as corals, gorgonids, sponges and benthic detritivores as for example 
crabs, lobsters and shrimps (Samadi et al. 2007; Chapter 7). Settlement patterns for these 
organisms depend on ocean currents or sometimes the water trapped in gyres.

Figure 14.1e covers one of the most often mentioned ‘seamount effects’, the formation 
of Taylor caps and lee wake effects that may trap water masses and create upwelling cur-
rents. White et al. (2007) (Chapter 4) show that a Taylor Column is formed by the effect 
of the Earth’s rotation on directional current fl ow split by a seamount (Huppert, 1975), 
and the stratifi cation of the water mass creates a Taylor cone (or cap). Taylor caps form, or 
not, over a particular seamount depending on width, current, height and the Coriolis force, 
which varies by latitude with the critical parameters being the Rossby and Burger numbers 
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 cap organisms … and their predators
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Fig. 14.1 (Continued).
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(Chapter 4). Some seamounts always produce Taylor cones, others not. Intermittent, or 
spun off Taylor cones may result as currents vary above and below a threshold. The cone 
can encourage a doming of water density layers, creating two physical effects, each with 
biological implications. Firstly, below the thermocline, isolated topographic features may 
produce large vertical displacements in the density gradient so that small deep seamounts 
can cause signifi cant local current structures (Royer, 1978). Secondly, density domes over 
shallow seamounts may reach the euphotic zone and have powerful effects on local plank-
ton abundance including increased vertical mixing (Eriksen, 1998). In addition, tides can 
generate similar density cones and wave spin-offs over seamounts (Chapter 4), and eddies 
like this can be formed by several different mechanisms (e.g., Huppert and Bryan, 1976). 
Chapters 4 and 5 outline considerable fi eld evidence for all of these processes, although 
no one seamount may exhibit all of them, and some seamounts may show none.

Key factors … detritus … excreta

Predators on detritivores …

Attracts visitors …

Detritus trapped and
enhanced by sessile
organismsExcreta

Microbial

community

(m)
Detritivore settlement …
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Fig. 14.1 (Continued).
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Figure 14.1f illustrates how the slope and shape of seamount fl anks can infl uence the 
formation of upwelling currents. Pressure and cooling by seawater affects the shape of 
a seamount as it forms, allowing steeper sides than terrestrial volcanoes (Macdonald 
et al., 1986). Also the magma chamber shape, rift zones, erosion and landslides modify 
the basic conical volcano shape into stellate forms (e.g., Mitchell, 2001).

In Fig. 14.1, panels g to l illustrate the biological consequences of the formation of 
Taylor caps and spin-offs; turbulent mixing at seamounts helps to distribute nutrients in 
the global ocean (Kunze and Llewellyn Smith, 2004). Some seamounts have been meas-
ured as enhancing primary production (PP) by 5–10% (Dower et al., 1992; Odate and 
Furuya, 1998; Mouriño et al., 2001), whilst at very shallow seamounts it may be as much 
as 60%. As shown in Fig. 14.1g, at some seamounts there is evidence for enhanced PP, but 
it is not a consistent feature and there is wide spatial and temporal variability (Chapter 5). 
Enhancement, or retention, of PP appears to depend on six processes:

1. Density-layered doming from a Taylor cap bringing deeper, nutrient-rich waters up, 
into the euphotic zone for shallow seamounts (Genin and Boehlert, 1985).

2. Domes may generate localised high density stratifi cation which may stabilise the water 
column, promoting PP (Comeau et al., 1995).

3. Increased vertical mixing, due to tidal amplifi cation, fl ow acceleration, internal wave 
interaction or deep winter mixing can mix nutrient rich deeper water upwards, espe-
cially over shallow seamounts.

4. Enclosed or semi-enclosed circulation pattern around seamounts may be a retention 
mechanism for local or advected PP (Mohn and Beckmann, 2002).

5. Asymmetric fl ow acceleration at seamount fl anks or summits may enhance horizon-
tal fl uxes of organic material affecting sediment distribution around the seamount 
(Turnewitsch et al., 2004) and its sessile benthic communities (Genin et al., 1986).

6. Advection of allochthonous nutrients and organic material into the local area of the 
seamount (Bulman et al., 2002).

Seamount modelling (see Chapter 15) suggests that enhancement by local ocean dynam-
ics cannot fully provide for the observed increase of PP at some seamounts, and an exter-
nal source of nutrients and food is required (Morato and Pitcher, 2005). A model of the 
seamounts off southern Tasmania, which support very large abundances of orange roughy 
(Hoplostethus atlanticus) and oreostomatids, demonstrated that advection of mesopelagic 
fi shes and crustaceans was not only necessary but possible given the current regime in the 
area (Bulman et al., 2002).

Figure 14.1h shows that a Taylor cap and circular fl ow around the top of the mount can 
physically trap zooplanktonic organisms, which, as described above, may in some cases 
have more phytoplankton food. So some seamounts will have more zooplankton and jel-
lyfi sh. But fi eld evidence for fi nding more zooplankton over seamounts is confl icting. 
Huskin et al. (2001) found a 2-fold increase while Fedosova (1974) reported an 8-fold 
increase. Sime-Ngando et al. (1992) report an increase of micro-zooplankton (ciliates). 
Dower and Mackas (1996) found no increase in zooplankton, but at the same seamount 
(Cobb Seamount: see Fig. 16.11) there was a persistent stratifi ed Taylor cap and abun-
dant larval rockfi sh (Dower and Perry, 2001). It has been suggested that low observed 
zooplankton biomass might result from heavy grazing (Genin et al., 1994; Haury et al.,
2000), and that secondary production could therefore be high.
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Figure 14.1i and j shows how the seamount food web may be enhanced with small ver-
tically migrating organisms. Small drifting mesopelagic organisms such as crustacea and 
myctophid fi sh in the deep scattering layer, may also be partially retained and feed in the 
Taylor cap of seamounts of suitable depth. Furthermore, the example here is of a seamount 
whose top, upper fl ank and Taylor cap may intercept the mesopelagic diel vertical migra-
tion, as organisms rise from their deeper water daytime refuge from predators to feed on 
zooplankton during the night. These organisms of trophic level 2 and above may be up 
to 10 times their density in the open ocean, so that this mechanism helps some seamount 
food webs to support a much larger biomass. Downward vertical migration of zooplankton 
during the day may also bring these organisms within range of a seamount summit.

Seasonally, it has been estimated that aestivating plankton takes about 0.1% of surface 
PP down to seamount food webs; on a daily time scale vertical migration takes about 
0.5% down to a seamount food web of suitable depth (Koslow, 1997) of 1 g C/m2 trans-
ported by aestivating zooplankton of 200 g C/m2 net PP, ultimately 0.1 g C reaches third 
trophic level fi sh such as orange roughy. Williams and Koslow (1997) state that day-time 
depths of vertically migrating micronektonic species off the southern Tasmania mid-slope 
are between 400 and 500 m, but nycto-epipelagic species are in the upper 200 m; another 
peak of biomass occurred at 775–900 m. These peaks of biomass are coincident with the 
dominant water masses in the region. It is suggested that advection of mesopelagics sus-
tain orange roughy at these depths on the southern slope seamounts.

Enhanced currents, steep slopes and volcanic rocks favour the growth of suspension 
feeders in benthic seamount communities (e.g., Genin et al., 1986; Rogers, 1994). In Fig. 
14.1k we show the sessile benthic fi lter feeding organisms, such as sponges, gorgoni-
ans and other corals, bivalves and tunicates benefi ting from the seamount water reten-
tion effects described above, and possibly enhanced by locally generated detritus at some 
seamounts (Chapter 7). Filter feeding organisms may especially colonise the peak of the 
seamount where current fl uxes are high even if the peak is in deep water (see above). 
Records from deep seamounts suggest that some are covered with tall forests of giant 
long-lived cold-water corals, some of which are extremely long-lived (100� years, Grigg, 
1993; 2–500 years, Chapter 8).

Fish predators that can feed on these organisms are shown in Fig. 14.1l. As they are 
hunting for sparse food, these fi sh may move large distances, or may only aggregate on 
seamounts at certain times. The fi gure implies that aggregators such as orange roughy are 
therefore feeding on fi lter feeders, but in fact, for roughy this is not the case. Hareide and 
Garnes (1998) state that along the Mid-Atlantic Ridge schools of Beryx splendens and 
Sebastes marinus (south to north, respectively) feed on mesopelagic fi shes on seamounts 
(Morato et al., 1998; Vinnichenko, 1998) while Corphaenoides rupestris feeds on pelagic 
prey in the water column (Haedrich, 1974). Other macrourids migrate into the water col-
umn to feed on pelagic species, although none of these species might need to go far if 
advected organisms are brought to them.

A more controversial suggestion that may enhance some seamount food webs is shown 
in Fig. 14.1m. Even in the open ocean, some falling detritus such as moulted exoskeletons, 
corpses and faecal pellets can support pelagic detritivores, mainly crustaceans. Australian 
work (Bulman, Personal communication) suggests open ocean detritus rain is on average
about 7% of surface PP, but of lower nutritional value. Observations suggest that, at 
a seamount, this detrital rain may be increased by the water retention mechanisms, and 
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support a community of sessile fi lter feeders. Hence, on a peak more heavily colonised 
by fi lter feeders, more detritus may accumulate from breakages, mortalities and excreta, 
trapped by the fi ne skeletal structures of growing sessile organisms, which would include 
macrophyte plants on very shallow seamounts. Such detritus layers would attract decom-
posing microorganisms that recycle nutrients and energy. This microbial community and 
its products in turn can attract larger detritivores, such as polychaete worms, crabs, lob-
sters and shrimps, shown in Fig. 14.1n. This happens only if suitable planktonic larvae are 
able to reach the seamount via ocean currents and gyres, although the density of polycha-
etes on most seamounts is reported to be low (e.g., Gillet and Dauvin, 2000, 2003). We 
have seen above that the general geomorphology of seamounts will often mean that there 
are close neighbours from where such larval colonisation may take place. Establishment 
of a microbial detritivore community might then be the critical factor for a seamount to 
have a maximum enhancement effect on ocean productivity and biodiversity. Physical 
detritus trapping and the refuge effects of the structural habitats created by sessile organ-
isms on top of seamounts are components that are physically destroyed by trawling. 
Hence trawling can have disastrous effect on localised ocean biodiversity by depleting the 
‘seamount larders’.

The presence of resident detritivores and scavengers may soon lead to colonisation by 
larger predatory invertebrates and small fi sh (Fig. 14.1o), which in turn, may lead to resi-
dent members of the food web of trophic level 3 and above, provided suitable opportuni-
ties to colonise occur. And once there are residents, then visitors and aggregators arrive 
(Fig. 14.1p). These are analogous to ‘house guests’ who are shorter-term residents or visi-
tors. As a consequence of the limited food supply stored on seamounts, seamount fi sh tend 
to be long-lived, slow-growing, late maturing and have low reproductive potential (Koslow, 
1997). However, if these fi sh are residents, as are orange roughy, oreos and even the scav-
enging squalids, they are largely relying on pelagic rather than benthic food resources.

Figure 14.1q illustrates the vast range of temporary visitors who come to take advantage 
of, and hence contribute to, the seamount food web, and are described in detail in Chapters 
9–12. Short-term visitors – who come to ‘raid the larder’ – include turtles (Chapter 12), 
sharks (Klimley et al., 1988; Chapter 10B), billfi sh and tuna (Itano and Holland, 2000; 
Sibert et al., 2000; Chapter 10A), swordfi sh (Sedberry and Loefer, 2001), some cepha-
lopods (Nesis, 1986; Chapter 11), some cetaceans (Baird’s beaked whale, Reeves and 
Mitchell, 1993; Chapter 12A) and some seabirds (Haney et al., 1995; Monteiro et al.,
1996; Chapter 12C).

Human fi sheries therefore often focus on seamounts (Fig. 14.1r), and thereby come the 
problems of sustainable use, depletion, biodiversity conservation and management that 
are the subjects of Chapters 15–20.

Most studies support the hypotheses that imported and retained food supplies support 
the observed large fi sh aggregations on seamounts, but the additional detrital chain mech-
anism proposed here may operate on some seamounts. Both of these hypotheses show 
why seamount ‘larders’ are so attractive to a wide range of foraging visitors, but produc-
tion levels are quite low compared to coastal waters and major upwellings; hence resident 
organisms often exhibit long-lived, slow-growing life histories, making these communi-
ties quite fragile to exploitation.

A scoresheet of the scheme of measurable or scorable seamount attributes described here 
is set out in Table 14.1; the intention is that this scheme could be used for any seamount.
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Table 14.1 Attributes scheme that may be objectively scored to provide an evaluation of seamount food webs, 
ecology and exploitation status, an Ecosystem Evaluation Framework (EEF).

 Scores Notes

Oceanographic factors

Depth of peak
Depth of surrounding ocean
Height of peak
Slope of seamount
Proximity to shelf
Proximity to neighbour seamounts
Ocean currents link to shelf
Ocean currents to neighbour seamounts
Taylor cap forms

Total oceanographic status

Ecological factors

Macrophytes present
Corals present
Larval settlement regime
Nutrient upwelling occurs
Phytoplankton enhancement
Zooplankton enhancement
Deep scattering layer organisms entrapped
Settled fi lter feeders
Zooplankton migrates in feeding range
Predators/grazers present
Detritus build-up present
Detritivores present
Small resident invertebrate predators
Small resident fi sh predators
Resident cephalopods
Aggregating deep sea fi sh
Visiting fi sh predators
Visiting elasmobranch predators
Visiting marine turtles
Visiting mammal predators
Visiting seabird predators

Total ecological status 

Fisheries

Trawl fi shery  Presence and status
Longline fi shery
Handline fi shery
Purse seine fi shery
Others

Total fi sheries status

Conservation concern issues

Corals and benthos damage
Turtle by-catch issues
Shark by-catch issues
Dolphin by-catch issues
Whale by-catch issues
Seabird by-catch issues
Others

Total conservation concern status
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A characteristic trophic signature for seamounts

If the seamount-as-a-larder may have the attributes set out in Table 14.1, can we 
detect and measure a trophic signature for the seamount food web? We used a generic 
spatial seamount ecosystem simulation model (taken from Morato and Pitcher, 2005; 
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Chapter 15) to output biomasses and trophic levels of 30 functional groups in the sys-
tem. Biomasses, partitioned by three locations (at the seamount, in upwelling regions 
and in the open ocean) were grouped in 0.5 trophic level categories. Figure 14.2a shows 
the abundances relative to open ocean values plotted by trophic level, leading to a clear 
‘seamount signature’ from the model with peaks of biomass at approximately trophic 
levels 2.5, 3.5 and 4.5. It will be interesting to test our hypothesis that real seamounts 
might be expected to display this signature.

It might be argued that the signature could be an artefact of high orange roughy abun-
dance used to build the model, but Fig. 14.2b suggests that this is not the case. Again, Fig. 
14.2c shows that the signature does not alter substantially with the uncertain abundance 
of mesopelagic fi sh.

Conclusions

A larder represents stored food, and this is the essential feature of seamount food webs 
for the many visitors that are both the targets of fi sheries and the subjects of conservation 
concerns. Our matrix of scorable ‘seamount larder’ attributes or factors may be a part of 
a wider evaluation framework of the status of seamounts (see Chapter 20). Scoring the set 
of attributes for any particular seamount will lead to some understanding of the degree of 
production and biodiversity enhancement that we may expect, over and above that of the 
open ocean.

Aggregation because of foraging opportunities seems only to partially explain the 
fauna found at some seamounts. For example, in many Australasian seamounts, several 
species of oreos, squalids and macrourids are found at high densities (Bulman, 2002) 
along with orange roughy. These species consume similar prey to, and therefore compete 
with, orange roughy for the limited larder of prey organisms (Bulman et al., 2001, 2002). 
Since mobile foraging animals are not likely to tolerate unnecessary competition, prey 
availability for all is likely to be higher than might be expected. Moreover, the ability to 
withstand such competition under circumstances of larder depletion might help to explain 
the evolution of life history traits in some of the seamount species.

We may ask how the seamount larder concept relates to the life history characteris-
tics of seamount organisms. Longevity may refl ect the ‘larder’ (trophic) support system, 
characterised by low metabolic rates and the ability to survive long periods without food. 
Although a relatively low risk of predation has also been suggested for seamount fi sh, at 
many seamounts, especially shallow ones, there are many highly predatory visitors.

Finally, how does the seamount larder concept relate to resilience? Many seamount 
components are relatively fragile; indeed Koslow (1997) has suggested that many seamount
organisms are very near the margin of energetic sustainability. But, our scheme of attributes
suggests that the food web on an undisturbed seamount will increase its size and scope 
through the detrital and microbial food chain until it reaches a trophic limit set by physi-
cal factors and location: this limit will be different for different seamounts according to 
the factors. So perhaps the seamount food web is not as fragile after all; perhaps it is the 
‘extra’ components that are labile. For example, foraging visitors can easily go somewhere 
else if the food supply on a seamount is poor. Currents, depth and proximity factors are 
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fi xed and will lead to the development and maintenance of some of the food web if there 
is enough time. But the detritus ‘larder’ probably takes a very long time to develop its 
maximum potential. Again, this system endows seamounts with resilience to natural cli-
mate fl uctuations, but as it relies on sessile organisms, it is easily destroyed by trawling. 
Inevitable gaps in fi eld data might be remediated in part by using the hypotheses we raise 
here, and by meta-analysis and seamount food web modelling.

References

Bulman, C.M. (2002) Trophic ecology and food web modelling of midslope demersal fi shes off 
southern Tasmania, Australia. PhD Thesis, University of Tasmania, Hobart, Australia.

Bulman, C., Althaus, F., He, X., Bax, N. and Williams, A. (2001) Diets and trophic guilds of demer-
sal fi shes of the south-eastern Australian shelf. Marine and Freshwater Research, 52, 537–48.

Bulman, C.M., He, X. and Koslow, J.A. (2002) Trophic ecology of the mid-slope demersal fi sh com-
munity off southern Tasmania, Australia. Marine and Freshwater Research, 53, 59–72.

Comeau, L.A., Vezina, A.F., Bourgeois, M. and Juniper, S.K. (1995) Relationship between phyto-
plankton production and the physical structure of the water column near Cobb Seamount, north-
east Pacifi c. Deep-Sea Research I, 42, 993–1005.

Dower, J.F. and Mackas, D.L. (1996) ‘Seamount effects’ in the zooplankton community near Cobb 
Seamount. Deep-Sea Research I, 43, 837–58.

Dower, J.F. and Perry, R.I. (2001) High abundance of larval rockfi sh over Cobb Seamount, an iso-
lated seamount in the Northeast Pacifi c. Fisheries Oceanography, 10(3), 268–74.

Dower, J., Freeland, H. and Juniper, K. (1992) A strong biological response to oceanic fl ow past 
Cobb Seamount. Deep-Sea Research, 39, 1139–45.

Eriksen, C.C. (1998) Internal wave refl ection and mixing at Fieberling Guyot. Journal of 
Geophysical Research, 103, 2977–94.

Fedosova, R.A. (1974) Distribution of some copepods species in the vicinity of an underwater 
Hawaiian Ridge. Oceanology, 14, 724–7.

Genin, A. (2004) Bio-physical coupling in the formation of zooplankton and fi sh aggregations over 
abrupt topographies. Journal of Marine Systems, 50, 3–20.

Genin, A. and Boehlert, G.W. (1985) Dynamics of temperature and chlorophyll structures above a 
seamount: an oceanic experiment. Journal of Marine Research, 43, 907–24.

Genin, A., Dayton, P.K., Lonsdale, P.F. and Spiess, F.N. (1986) Corals on seamount peaks provide 
evidence of current acceleration over deep-sea topography. Nature, 322, 59–61.

Genin, A., Greene, C., Haury, L., Wiebe, P., Gal, G., Kaartvedt, S., Meir, E., Fey, C. and Dawson, J.
(1994) Zooplankton patch dynamics: daily gap formation over abrupt topography. Deep-Sea
Research, 41, 941–51.

Gillet, P. and Dauvin, J.-C. (2000) Polychaetes from the Atlantic seamounts of the southern Azores: 
biogeographical distribution and reproductive patters. Journal of Marine Biology Assessment
UK, 80(6), 1019–29.

Gillet, P. and Dauvin, J.-C. (2003) Polychaetes from the irving, meteor and plato seamounts, North 
Atlantic ocean: origin and geographical relationships. Journal of Marine Biology Assessment
UK, 83(1), 49–53.

Grigg, R.W. (1993) Precious coral fi sheries of Hawaii and US Pacifi c islands. Marine Fisheries 
Review, 55, 50–60.

Haedrich, R.L. (1974) Pelagic capture of the epibenthic rattail Coryphaenoides rupestris. Deep-Sea
Research, 21, 977–9.



294  Seamounts: Ecology, Fisheries & Conservation

Haney, J.C., Haury, L.R., Mullineaux, L.S. and Fey, C.L. (1995) Sea-bird aggregation at a deep 
North Pacifi c seamount. Marine Biology, 123, 1–9.

Hareide, N.-R. and Garnes, G. (1998) The distribution and abundance of deep water fi sh along the 
mid-Atlantic Ridge from 43 N to 61N. ICES CM: 1998/O: 39.

Haury, L., Fey, C., Newland, C. and Genin, A. (2000) Zooplankton distribution around four eastern 
North Pacifi c seamounts. Progress in Oceanography, 45, 69–105.

Huppert, H.E. (1975) Some remarks on the initiation of inertial Taylor Columns. Journal of Fluid 
Mechanics, 67, 397–412.

Huppert, H.E. and Bryan, K. (1976) Topographically generated eddies. Deep-Sea Research, 23, 
655–79.

Huskin, I., Anadon, R., Medina, G., Head, R.N. and Harris, R.P. (2001) Mesozooplankton distribu-
tion and copepod grazing in the subtropical Atlantic near the Azores: infl uence of mesoscale 
structures. Journal of Plankton Research, 23, 671–91.

Itano, D.G. and Holland, K.N. (2000) Movement and vulnerability of bigeye (Thunnus obesus) and 
yellowfi n tuna (Thunnus albacares) in relation to FADs and natural aggregation points. Aquatic
Living Resources, 13(4), 213–23.

Klimley, A.P., Butler, S.B., Nelson, D.R. and Stull, A.T. (1988) Diel movements of scalloped ham-
merhead sharks, Sphyrna lewini Griffi th and Smith, to and from a seamount in the Gulf of 
California (Mexico). Journal of Fish Biology, 33(5), 751–62.

Koslow, J.A. (1997) Seamounts and the ecology of deep-sea fi sheries. American Scientist, 85, 168–76.
Kunze, E. and Llewellyn Smith, S.G. (2004) The role of small-scale topography in turbulent mixing 

of the global ocean. Oceanography, 17, 55–64.
Macdonald, G.A., Abbott, A.T. and Peterson, F.L. (1986) Volcanoes in the Sea. University of Hawaii 

Press, USA, Honolulu, HI.
McDaniel, N., Swanston, D., Haight, R., Reid, D. and Grant, G. (2003) Biological observations at 

bowie seamount August 3–5, 2003. Report to Fisheries and Oceans Canada, 25 pp.
Mitchell, N.C. (2001) Transition from circular to stellate forms of submarine volcanoes. Journal of 

Geophysics Research, 106, 1987–2003.
Mohn, C. and Beckmann, A. (2002) The upper ocean circulation at Great Meteor Seamount. Part I: 

Structure of density and fl ow fi elds. Ocean Dynamics, 52, 179–93.
Monteiro, L.R., Ramos, J.R., Furness, R.W. and del Nevo, A.J. (1996) Movements, morphology, 

breeding, molt diet and feeding of seabirds in the Azores. Colonial Waterbirds, 19, 82–97.
Montelli, R., Nolet, G., Dahlen, F.A. et al. (2004) Finite-frequency tomography reveals a variety of 

plumes in the mantle. Science, 303, 338–43.
Morato, T. and Pitcher, T.J. (2005) Ecosystem simulations in support of management of data-

limited seamount fi sheries. In: Fisheries Assessment and Management in Data-Limited 
Situations (eds. Kruse, G.H., Gallucci, V.F., Hay, D.E., Perry, R.I., Peterman, R.M., Shirley, T.C., 
Spencer, P.D., Wilson, B. and Woodby, D.), pp. 467–86. University of Alaska Fairbanks, Alaska 
Sea Grant.

Mouriño, B., Fernández, E., Serret, P., Harbour, D., Sinha, B. and Pingree, R. (2001) Variability and 
seasonality of physical and biological fi elds at the Great Meteor Tablemount (subtropical NE 
Atlantic). Oceanologica Acta, 24, 167–85.

Nesis, K.N. (1986) Cephalopods of seamounts in the western Indian Ocean. Oceanology, 26, 91–6.
Odate, T. and Furuya, K. (1998) Well-developed subsurface chlorophyll maximum near Komahashi 

No. 2 seamount in the summer of 1991. Deep-Sea Research, 45, 1595–607.
Reeves, R.R. and Mitchell, E. (1993) Status of Baird’s beaked whale, Berardius bairdii. Canadian

Field-Naturalist, 107(4), 509–523.
Rogers, A.D. (1994) The biology of seamounts. Advances in Marine Biology, 30, 305–50.



 Raiding the larder  295

Rowden, A.A., Clark, M.R. and Wright, I.C. (2005) Physical characterisation and a biologically 
focused classifi cation of ‘seamounts’ in the New Zealand region. New Zealand Journal of 
Marine and Freshwater Research, 39, 1039–59.

Royer, T.C. (1978) Ocean eddies generated by seamounts in the North Pacifi c. Science, 199, 
1063–4.

Sedberry, G.R. and Loefer, J.K. (2001) Satellite telemetry tracking of swordfi sh, Xiphias gladius,
off the eastern United States. Marine Biology, 139, 355–60.

Sibert, J., Holland, K. and Itano, D. (2000) Exchange rates of yellowfi n and bigeye tunas and fi shery 
interaction between cross seamount and near-shore fads in Hawaii. Aquatic Living Resources,
13(4), 225–32.

Sime-Ngando, T., Juniper, K. and Vezina, A. (1992) Ciliated protozoan communities over Cobb 
Seamount: increase in biomass and spatial patchiness. Marine Ecology Progress Series, 89(1), 
37–51.

Turnewitsch, R., Reyss, J.-L., Chapman, D.C., Thomson, J. and Lampitt, R.S. (2004) Evidence 
for a sedimentary fi ngerprint of an asymmetric fl ow fi eld surrounding a short seamount. Earth
Planetary Science Letters, 222(3–4), 1023–36.

Vinnichenko, V.I. (1998) Alfonsino (Beryx splendens) biology and fi shery on the seamounts in the 
open North Atlantic. ICES CM: 1998/O: 13.

Wessel, P. (2001) Global distribution of seamounts inferred from gridded Geosat/ERS-1 altimetry, 
J. Geophysics Research, 106(19), 431–41.

Williams, A. and Koslow, J.A. (1997) Species composition, biomass and vertical distribution of 
micronekton over the mid-slope region off southern Tasmania, Australia. Marine Biology, 130, 
259–76.

WWF (2003) Management direction for the Bowie Seamount MPA: links between conservation, 
research, and fi shing. World Wildlife Fund, Canada, 69 pp.



Chapter 15

Modelling seamount ecosystems and
their fi sheries

Beth Fulton, Telmo Morato and Tony J. Pitcher

Abstract

Ecosystem models are one way of implementing an integrated approach to the recov-
ery of heavily depleted systems like those on and over seamounts. We review the three 
main types of ecosystem models that have been applied in understanding seamounts, 
their ecology and fi sheries; we describe Ecopath-with-Ecosim food web simulation mod-
els, agent-based models, and a more complex biogeochemical spatially explicit model 
(Atlantis). We discuss their capabilities, limitations, uncertainty, advantages and disadvan-
tages, and present some examples. Ecosystem models of seamounts enable us to evaluate 
true fi sheries sustainability in an ecosystem context and analyse alternative management 
scenarios for seamount ecosystems.

Introduction: seamounts and ecosystem models

The world’s continental shelf fi sheries resources have been seriously overfi shed, creating 
new pressures on alternative fi shing grounds in a process of serial depletion. Like the deep 
sea more generally (Morato et al., 2006a), seamounts are among those newly targeted eco-
systems that have been intensively fi shed since the second half of the twentieth century 
(Chapters 3, 16, and 17). Targeted seamount fi sh communities tend to form localized aggre-
gations and are highly vulnerable to overfi shing (Morato et al., 2006b; Chapters 9 and 19). 
The experience of the past few decades has been that fi sh of a certain seamounts area are 
typically depleted within 5–10 years of exploitation (Chapter 17). Once depleted, seamount 
populations will likely require decades to recover. Side effects caused by overfi shing or 
extensive trawling on seamounts are also raising serious concerns: for example, damage to 
benthic communities (Chapter 19) typically dominated by corals (Chapter 8) and other sus-
pension feeders (Chapter 7), and impacts on transient migratory species whose life history 
relies on seamount food webs (Chapters 10 and 12). Because of the complex trophic links on 
seamounts (Chapter 14), ecosystem-based modelling approaches can help in understanding 
ecosystem functioning and in planning effective management of these fragile ecosystems
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(Chapter 20). However, there have been only a few attempts to model seamount biota as a 
part of marine ecosystems.

Sustainable resource management has been an issue of prominent, public, political, 
and scientifi c concern for at least 20 years (Holling, 1978; Sainsbury, 1988; IWC, 1992; 
McLain and Lee, 1996; Butterworth and Punt, 1999; Sainsbury et al., 2000; Pitcher, 2001). 
Within the last decade ecosystem approaches to fi sheries management have become more 
widely accepted, and popular political objectives (Pitcher, 2000). This is evident from the 
wide range of ecosystem-based local, national, and international declarations, guidelines 
and legislation. Examples are Australia’s National Strategy for ESD 1992 and Oceans 
Policy 1998, Canada’s Oceans Act 1997, the Reykjavik Declaration 2001, the World 
Summit on Sustainable Development 2002, and the European Union’s Common Fisheries 
Policy 2003. Despite the reservations of some scientists about the uncertainty associated 
with bringing ecosystem considerations into fi sheries management (e.g., Rice, 2000), 
exploratory tools such as ecosystem models have much to offer strategically (Christensen 
and Pauly, 2004; Walters and Martell, 2004). It is clear from a wide variety of systems from 
around the globe that single species-by-species management cannot account for, or cope 
with, multispecies and habitat impacts (Sainsbury and Sumaila, 2003; Hall and Mainprize, 
2005). These types of impacts can reverberate through an ecosystem and ultimately lead to 
an unanticipated decline in the target species or the loss of other vulnerable species (Pauly 
et al., 2002). Ecosystem models are one way to achieve a more integrated consideration 
of the topics and explore recovery and rebuilding scenarios for heavily depleted systems 
like seamounts (Pitcher, 2005). Answering many of the big questions concerning ecosys-
tem functioning, marine resource management and prediction of future trends requires the 
integration of a wide range of scientifi c knowledge, encompassing physical, chemical, and 
biological processes. Ecosystem modelling is therefore a key technique for investigating 
how these processes interact.

In this chapter, we discuss why modelling approaches are necessary for seamounts; 
describe different approaches that have been used, discussing the capabilities, limitations, 
uncertainty, advantages, and disadvantages of each of them. We also present some examples
of ecosystem models for a generic seamount, discuss fi sheries sustainability in an ecosys-
tem context, and analyse alternate management scenarios for seamount ecosystems.

Ecosystem modelling techniques

Ecosystem models developed over the past decade can be classifi ed into three forms:

 (i)  Trophodynamic (or aggregate) ecosystem models based on food webs and energy 
budgets.

 (ii)  Biogeochemical models based on nutrient dynamics in addition to trophic and non-
trophic interactions.

(iii)  Individual- (or agent-) based (IBM or ABM) models that may employ a range of 
agents from individuals to populations, and typically use a mix of decision trees and 
differential equations to focus on system processes. ABMs can focus easily on the 
different scales (biological, spatial, or temporal) required, and can help to elucidate 
emergent properties not intrinsic to the agents themselves.
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Each technique has its own strengths and weaknesses, is characterized by different internal
structure and is better suited to answering particular questions. They can all aid our under-
standing of systems and their response to pressure and change by capturing the multi-
directional fl ows inherent to system dynamics. Their particular strength is in simulating 
how human (or other) impacts can potentially have unanticipated effects across the sys-
tem (Hollowed et al., 2000; Mace, 2001; Fulton et al., 2003). The three approaches are 
compared in Table 15.1.

Another common feature of ecosystem models is their complexity. While this can give 
them the potential to analyse complicated mathematical interactions, it means they are typ-
ically presented as time-dependent simulation models. The degree of detail in the models 
also means they may require more data; and outputs can be uncertain and diffi cult to sum-
marize and interpret (Silvert, 1981; Jørgensen, 1994; Duplisea, 2000; Mace, 2001). Fulton 
et al. (2003) consider that this is not a serious constraint if the models are being used for 
strategic consideration of broad issues rather than fi nely focused tactical management ques-
tions. For instance, ecosystem models are useful in the consideration of possible impacts of 
fi shing or implications of alternative management policies. The results can be treated with 
more confi dence if they are tested across a range of plausible alternative model structures 
and assumptions (Reichert and Omlin, 1997; Duplisea, 2000; Fulton et al., 2003). This 
type of modelling involves tradeoffs between simplicity and parameter availability, and the 
utility of being able to capture real ecological processes with reasonable accuracy: recent 
advances in fi tting models to times series data improve confi dence in their use.

Trophodynamic ecosystem models

Trophodynamic ecosystem models are typically constrained by, or initialized with, mass 
balance and hence they can more easily make use of existing information and meta-
analyses. They are useful for the consideration of production, multispecies and fi sheries 
effects on marine ecosystems, comparison of alternative fi shing regulations (e.g., Ecopath 
with Ecosim, EwE; Walters et al., 1997; Christensen and Walters, 2004a), comparison 
among practical rebuilding policies (Pitcher, 2005; Ainsworth and Pitcher, 2005; Pitcher 
et al., 2005a), and spatially explicit versions are useful for evaluating spatial dynamics and 
the utility of closed areas (e.g., Sayer et al., 2005). Among the many tools meant to assist in 
the time consuming, data exigent, multidisciplinary, and uncertain task of producing eco-
system models of marine systems, the EwE modelling approach and software has proved 
to be one of the most successful. It has yielded some helpful insights (Robinson and Frid, 
2003) and is a powerful tool that has recently seen widespread use (Whipple et al., 2000).

EwE has three main components (Walters et al., 1997, 1999, 2000; Christensen and 
Walters, 2004a): Ecopath, which creates static, mass-balanced snapshots of the biomass 
pools in the ecosystem; Ecosim, which adds a time dynamic component for simulating 
policy exploration; and Ecospace, a spatial and a temporal dynamic simulation designed 
for exploring the impact and placement of fi sheries management zones and protected 
areas. These tools are meant to address ecological questions, evaluate ecosystem effects 
of fi shing, explore management policy options, analyse impact and placement of marine 
protected areas (MPAs), and model the effect of environmental changes (Christensen and 
Walters, 2004a; Fulton et al., 2005; Pitcher et al., 2005b; Gray et al., 2006).
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The parameterization of an Ecopath model is based on satisfying two ‘master’ equa-
tions. The fi rst describing how production for each group can be divided up, and the 
second is based on the principle of conservation of matter (Christensen and Pauly, 1992; 
Walters et al., 1997; Pauly et al., 2000). As a trophic mass-balanced model, Ecopath
assumes that, for each functional group i in an ecosystem, mass balance should occur 
over a given time period (Christensen and Walters, 2004a). In the fi rst ‘master’ equation, 
biomass production of a compartment (Pi) is balanced by catches (Yi), predation mortal-
ity (Bi � M2i, where Bi is the biomass of the group and M2i is the total predation rate for 
the group), biomass accumulation (BAi), net migration (Ei, emigration–immigration), and 
other mortality (MOi), such that:

P Y B M E BA MOi i i i i i i	 � � � � �2 (15.1)

Production is usually estimated from the production/biomass ratio (P/B) and the average 
annual biomass (B) and can be expressed as (Pi 	 Bi � (P/B)i). Predation mortality can be 
expressed as the sum of consumption by all predators ( j) preying upon group (i), i.e.:

B M B Q DCi i j j ji
j

n

� 	 � �
	

2
1

( )/B∑ (15.2)

where (Q/B)j is the consumption/biomass ratio of the predator ( j) and DCji is the frac-
tion of the prey (i) in the average diet of the predator ( j). The other mortality can also be 
expressed as:

MOi 	 Pi � (1 
 EEi) (15.3)

where EE is the ecotrophic effi ciency, or the proportion of the production that is not util-
ized in the system.

Substituting (15.2) and (15.3) into (15.1) means it can be re-expressed as:

B P B EE Y B Q B DC E BAi i i i j
j

n

j ji i i� � 	 � � � � �
	

( ) ( )/ /
1

∑ (15.4)

The second ‘master’ equation is:

Qi 	 Pi � Ri � Ui (15.5)

where Ri is respiration and Ui is unassimilated food.
Ecosim uses the Ecopath model to estimate its initial parameters. It then uses a sys-

tem of differential equations of the form given in (15.6) to calculate the biomass fl uxes 
between pools through time:

d

d

B

t
g Q Q I M F e Bi

i ji
j

ij
j

i i i i i	 
 � 
 � � �∑ ∑ ( ) (15.6)
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where the Q terms refer to predation on and consumption by group i, and are calculated 
using the ‘foraging arena’ concept (Christensen and Walters, 2004a). For further details 
regarding the equations and their solutions, see Walters et al. (1997), Walters et al. (2000), 
and Christensen and Walters (2004a).

Three features of Ecosim are especially useful. Firstly, time series of biomass estimates 
from abundance surveys of fi sh, bird, and marine mammals, or fi sh stock assessments may 
be used in a fi tting process that adjusts predator–prey and diet parameters to minimize the 
differences between these data and simulated biomass trajectories (e.g., for 35 functional 
groups over 50 years in northern British Columbia; Ainsworth and Pitcher, 2005).

Secondly, climate factors derived from time series including tree rings, ice cores, 
upwelling indices, or ocean dynamics indices such as ENSO; can be used to drive, or par-
tially drive, primary production and other parameters (such as recruitments) in the simu-
lation. Climate-driven versions may be used in the fi tting process described above, and 
residuals from the fi tting can be examined to look for any further external factors.

Thirdly, Monte Carlo simulation of the major input parameters has begun to tackle the 
effect of parameter uncertainties upon forecast policy outcomes, as required in modern 
fi shery analysis (Patterson et al., 2001). The four parameters describing each biomass 
pool are selected at random from predetermined probability distributions: each selection 
of parameters (e.g., 156 for the 39-pool EwE seamount model given here) is challenged 
with mass balance, and a new random selection made if this is not achieved. Hence, many 
simulations of a chosen fi shing policy are run, each with initialization parameters that 
meet the mass-balance criterion. In this way, an ecosystem-based viability analysis can be 
applied to alternative fi shing policies, and the risks to policy (Francis and Shotton, 1997) 
from parameter uncertainty and climate made explicit (Pitcher et al., 2005b). This prom-
ising technique needs to be further developed to include predator–prey parameters and 
model specifi cation uncertainty.

Ecospace takes this assessment capability one step further by implementing the 
Ecosim dynamic simulation of biomass pools across a grid of cells linked by movement 
and migration parameters (Walters et al., 1999). This allows for spatial dispersal, variation 
in productivity, different habitats and spatial fl eet dynamics and management. Ecospace
has been employed for evaluating cost and benefi ts of alternative size and placement of 
no-take MPAs (Walters, 2000; Cheung and Pitcher, 2005); the optimal size and location 
of MPAs (Beattie et al., 2002); and the design, size and placement of protected fi shing 
zones around human-made reefs (Pitcher et al., 2002; Sayer et al., 2005).

The EwE approach, its methods, capabilities, and pitfalls are described in detail by 
Christensen and Walters (2004a). EwE is a ‘powerful and sophisticated tool’ that, as with 
any modelling tool, needs to be used carefully, as without cautious, thoughtful and active 
use of the software, there is a risk of misleading results (Cochrane, 2002). This caveat 
applies to all of the complicated and complex modelling approaches discussed here. 
Unfortunately, limitations of the approach have lead to some criticisms; specifi c points 
of contention are the uncertainty associated with the input parameters, the assumption 
of foraging arena dynamics for predator–prey interactions (Plagányi and Butterworth, 
2004), and the emergence of different results from different structural arrangements 
of the model biomass pools (‘model specifi cation uncertainty’; Pinnegar et al., 2005). 
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In response, Christensen and Walters (2004a) recently reiterated that this approach was not 
intended to replace traditional single species assessment methods. Instead, it was devel-
oped to conduct fi sheries policy analyses that cannot be addressed with traditional assess-
ment methods. In this context, ‘closed’ and ‘open’ loop policy exploration routines have 
been developed and included in the software to facilitate the examination of ecologi-
cal, social, and fi shing industry aspects of fi sheries and ecosystem-based management 
(Walters et al., 2002).

An example EwE model structure that attempts to capture the ecology of a generic 
seamount is given in Fig. 15.1 (presented in greater detail later in this chapter). It serves 
to illustrate the general form of an ecosystem model and the steps involved in its construc-
tion. While Ecospace models are not seen as commonly as Ecopath and Ecosim models,
other ecosystem models are usually spatial, so for comparative purposes an example 
Ecospace map is given in Fig. 15.2.
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Fig. 15.1 Example EwE trophic model structure for a seamount ecosystem, showing functional groups modelled 
explicitly (ellipses) and major fl ows shown by thick blue lines. Vertical position shows trophic level.

Biogeochemical models

Biogeochemical ecosystem models follow the cycling of nutrients throughout the trophic 
web. They incorporate trophic and non-trophic interactions, and are often embedded in 
circulation models or their derivatives. These dynamic models grew from a background in 
water quality monitoring, e.g., the nutrient–phytoplankton–zooplankton (NPZ) physico-
chemical models of Fransz et al. (1991) and Fasham (1993), but have been extended
to consider all sections of marine ecosystems and the industries that impact upon them 
(e.g., ERSEM II, Baretta-Bekker and Baretta, 1997; Atlantis, Fulton et al., 2004a).
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Atlantis (Fulton et al., 2004a) is an ecosystem box model intended for management 
strategy evaluation (described in de la Mare, 1996; Cochrane et al., 1998; Butterworth 
and Punt, 1999; Sainsbury et al., 2000) that has been applied in 13 marine systems around 
the world, primarily in Australia and the USA. It contains sub-models to represent each 
step in the management strategy and adaptive management cycles (Fig. 15.3).

Fig. 15.2 Example Ecospace habitat map based on the bathymetry of the Azores EEZ (black line). Each cell is 
10 � 10 min in size. Black cells indicate land. Other colours show different habitat types, based primarily on 
depth: orange represents depth up to 1000 m; yellow �2000 m; light blue �3000 m; intermediate blue �4000 m; 
and dark blue �4000 m. Red dots represent seamounts mapped in the area (Morato, unpublished data). Productiv-
ity and fi sheries management zoning maps can be overlaid on this habitat map.
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Fig. 15.3 Management strategy evaluation (MSE) cycle. The steps in the simulation cycle match those in the 
adaptive management cycle; within an MSE model (such as Atlantis or InVitro), each of these steps is represented 
by a sub-model.
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At the core of Atlantis is a deterministic biophysical sub-model, coarsely spatially 
resolved in three dimensions, which tracks nutrient fl ows, usually expressed as nitrogen 
and silica, through the main biological groups in the system. The primary ecological 
processes modelled are consumption, production, waste production, migration, predation, 
recruitment, habitat dependency, and mortality. The trophic resolution is more evenly 
spread than in typical models constructed using EwE but, nonetheless, Atlantis aggregates 
lower trophic levels represented by invertebrates more heavily than higher trophic levels, 
representing them as biomass pools, while vertebrates are represented using an explicit 
age-structured formulation. The physical environment is represented explicitly, via a set 
of polygons matched to the major geographical and bioregional features of the simu-
lated marine system. Biological model components are replicated in each depth layer of 
each of these polygons. Movement between the polygons is by advective transfer or by 
directed movements depending on the variable in question. Figure 15.4 shows an example 
Atlantis polygon map of a seamount for comparison with the Ecospace model structure in 
Fig. 15.2. Similarly, the trophic structure of Atlantis in Fig. 15.5 can be compared with the 
EwE structure in Fig. 15.1. For ease of comparison, the groups and maps in each example 
have been kept as similar as possible, while being typical of each model type.

Atlantis also includes a detailed exploitation sub-model. This model deals not only with 
the impact of pollution, coastal development, and broad-scale environmental change, but

Depth (m)
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Fig. 15.4 Polygon map of example spatial structure for an Atlantis seamount model (based on the bathymetry of 
the Azores). The dark blue polygons represent boundary boxes, and the brown polygons are landmasses. Fisheries 
management zones and monitoring patterns can be overlaid on this basic map.
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also is focused on the dynamics of fi shing fl eets. It allows for multiple fl eets, each with 
its own characteristics of gear selectivity, habitat association, targeting, effort allocation, 
and management structures. At its most complex, it includes explicit handling of econom-
ics, compliance decisions, exploratory fi shing, and other complicated real-world concerns 
such as quota trading.

The exploitation model interacts with the biotic part of the ecosystem, but also supplies 
‘simulated data’ to the sampling and assessment sub-model. As Atlantis is primarily used 
in the evaluation of management strategies, it includes both operating biophysical and 
fi sheries sub-models and assessment sub-models, which deal with the effi cacy of monitor-
ing and assessment models considered hand in hand with any management strategy. The 
sampling and assessment sub-models in Atlantis are therefore designed to generate sector 
dependent and independent data with realistic levels of measurement uncertainty evaluated 
as bias and variance. These simulated data are based on the outputs from the biophysical 
and exploitation sub-models, with a user-specifi ed monitoring scheme as given. The data 
are then fed into the same assessment models used in the real world, and the output of 
these is input to a management sub-model, which is typically a set of decision rules and 
management actions, which are currently only detailed for the fi sheries sector. The model 
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framework includes an extensive list of fi shery management instruments which includes 
gear restrictions, days at sea, quotas, spatial and temporal zoning, discarding restrictions, 
size limits, bycatch mitigation, and biomass reference points.

One of Atlantis greatest strengths is its modular construction. A wide range of alterna-
tive assumptions and sub-model implementations are provided so that a user has freedom 
to set complexity at any desired level, from a few groups with simple trophic interactions 
and a simple catch equation, to complex models with complicated stock structure, multiple
fl eets, detailed economics, and multiple management options. Another of its strengths is 
its ability to capture age–size dependencies and temporal and spatial variation, producing
realistic ecosystem dynamics (Fulton et al., 2004b). Unfortunately, this fl exibility and 
mechanistic basis also makes the model process- and parameter intensive, which can 
make validation diffi cult and lead to large uncertainties. As with all ecosystem models, 
the output of biogeochemical models must be regarded with care.

Biogeochemical models are attractive for seamounts because they can incorporate 
explicitly the primary production and depth-based environmental forcing that makes these 
systems more productive than the surrounding waters. Models that use polygonal maps can 
more effectively focus spatial attention where needed, capturing critical dynamics while 
still achieving computational effi ciency (Nihoul and Djenidi, 1998; Fulton et al., 2004c).

Agent-based models

ABM (also termed IBMs) is a relatively new technique for ecosystem modellers, although 
it has long been used in evolutionary theory, archaeology, economics, and the social sci-
ences. ABMs have great potential for increasing the breadth of resource management 
questions that may be considered. Early decision-based ABMs were often tightly focused 
on only a small subset of the entire system, for example a single fi sh in DeAngelis et al.
(1993), or a small part of the food web, as in van Nes et al. (2002). Recent hybrid models 
incorporate a wide variety of ecosystem components and tie classical dynamic models, 
using differential equations, with decision-based agents. In this way, they allow for the 
best means of representing each ecosystem component to be used; for example, classical
meta-population models can model habitats while ABMs may represent higher trophic 
levels or species of conservation concern, like whales.

InVitro (Gray et al., 2006) is an example of just such a hybrid model. It has been built 
around the basic steps of management strategy evaluation, with a sub-model for each 
major step in the cycle. It is much broader than the typical fi sheries focused ecosystem 
models discussed above and has the potential to simulate the effects of a wide range of 
human activities on a regional ecosystem, including fi sheries, tourism, oil and gas, or salt 
production, and to forecast system response to different management regimes.

In practice, model construction depends upon tradeoffs between model complexity, 
available data or knowledge and computing resources. While InVitro can consider multiple 
uses of the marine environment it does so by constraining the list of ecological components 
of an ecosystem under consideration. In contrast to the complete trophic web included in 
models such as EwE or Atlantis, InVitro deals with a subset of the web that incorporates 
the dominant system components. These usually include commercially valuable fi sh and 
crustaceans, top predators, species of special interest such as vulnerable species like turtles, 



308  Seamounts: Ecology, Fisheries & Conservation

‘Industry’ sub-models in InVitro employ its hybrid nature to make the best use of exist-
ing representations of the different sectors. In practice, this has meant that sectors other 
than fi shing are represented via simple empirical models that mimic the impact and basic 
action of these industries. They include nutrient pollution, salt extraction, shipping, tourism, 
coastal development, conservation, aquaculture, and the oil and gas sector. Fisheries sub-
models are much more detailed, using economic and mechanical drivers for a true IBM, 
with Kalman fi lters to represent the process of learning and updating of individual fi sher’s 
knowledge (Gray et al., 2006). A simple management model is in place for each indus-
trial sector, though again the fi sheries model is more structured, allowing for management 
of gear, target species, bycatch, discards, catch rates, quotas, and spatial closures. InVitro’s 

benthic communities, or forage communities if in the pelagic system, and primary produ-
cers. The behaviour and representation of the ABM agents is specifi c to their type, such that
mobile agents may be represented as individuals, e.g., turtles and sharks, or small groups 
such as schools or sub-populations of fi nfi sh and prawns. In contrast, sedentary habitat-
defi ning agents represent entire patches (e.g., entire seagrass beds, mangrove forests and 
reefs). This ecological structure is set within a continuous, three-dimensional environment 
model, which dictates the appropriate agent actions based on the bathymetry, currents, 
temperature, light intensity, chemical concentrations, habitat type, and resident communi-
ties. To complete the set of examples of seamount models, InVitro spatial maps are given in 
Fig. 15.6, and an example ecological model structure is presented in Fig. 15.7.

Fig. 15.6 Examples of the spatial maps (based on the Azores) that could be used in a seamount version of InVitro.
The light grey grid (or a fi ner one) would contain bathymetry data (the islands are the irregular shapes marked 
in very pale green). The habitat quality model is represented by the red and green squares of different hue –
it uses a grid (or set of polygons), which need not match the bathymetry grid as it does here. The habitat grid 
could use a different scale and cover a smaller area. Mobile animals (either individuals or small aggregations) are 
represented here by circles of various size and colour, with yellow representing a species preferring extensive 
biogenic habitat (green cells) and blue a species that prefers open ground (red and brownish cells); they are not 
restricted to the grid-scale resolution of space and actually operate in continuous three-dimensional space. The 
dotted line represents an example track that a transient (like a tuna) may have followed while visiting the seamount. 
As with Atlantis and Ecospace, fi sheries management zones and monitoring patterns (and other anthropogenic 
features, such as vessel traffi c routes) can be overlaid on these maps.
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sampling, assessment, and management models do not have the highly detailed options 
available in Atlantis, but they still capture the delivery of data for monitoring, assessment, 
and management.

The primary strength of the ABM approach is exceptional fl exibility. It can be 
tailored to many spatial or temporal scales, but is particularly useful in situations where 
small-scale or individual-level variability makes a signifi cant contribution to the outcome. 
Unfortunately, the fi ne spatial resolution often found in these models can lead to high 
computational overheads. In practice, this means that large-scale regional questions are 
impractical if pure decision-based agents are used to represent all aspects of an ecosystem. 
The new hybrid methods used in InVitro circumvent some of these issues, but are not a 
complete solution, so smaller ecological structures must be considered than in other model 
types. Moreover, ABMs are faced with all the same complexity, uncertainty, validation, 
and interpretation issues as the other forms of ecosystem model.

The features of InVitro that make it particularly attractive for seamount modelling are 
its hybrid form and its innovative handling of space and time, so that critical facets of the 
seamount ecosystem can be represented at the scale best matched to their dynamics and 
behaviour. This is particularly useful for the many transient organisms and nutrients that 
visit or fl ow through seamount ecosystems. When near a seamount, the group, species, 
patch, or individual can be followed at fi ne scales, while when it is far from the mount it 
can be skipped over with only a minimum of computational handling.

Seamount ecosystem models

There is growing concern about threats to seamount ecosystems in the exclusive economic 
zones of coastal states and the high seas (Chapter 19). However, seamount ecosystems 
remain one of the worst cases of data-limited situations. Not surprisingly, no ecosystem 
model of a seamount has been developed until fairly recently (Bulman and He, 2001; 
Bulman et al., 2002; Morato and Pitcher, 2002; Morato and Pitcher, 2005). Moreover, 
immense scope remains for refi ning the models that have been developed. Building such 
forecasting models in the face of severe data limitations presents a major challenge for 
fi shery scientists and managers, who are often urged to respond to societal demands for 
the development of new fi sheries yet not provided with the means to gather essential data.

Data requirements and model construction

While extensive data do not exist for most seamounts, as a general rule there is scat-
tered information on seamount ecosystems that can help when building models. Generic 
seamount models are quite useful for increasing our knowledge of the functioning of 
seamount ecosystems and for addressing simple ecological questions. For example, we 
know that seamounts tend to enhance water currents (Genin et al., 1986; Boehlert and 
Sasaki, 1988) and can have their own localized tides, eddies, and upwellings (Lueck and 
Mudge, 1997) which may enhance local primary production (Genin and Boehlert, 1985; 
Dower et al., 1992; Odate and Furuya, 1998; Mouriño et al., 2001). Zooplankton biomass 
is often high over seamounts (Fedosova, 1974; Dower and Perry, 2001; Huskin et al.,
2001), though evidence for this is equivocal since some studies detected reduced abun-
dance of zooplankton above seamounts due to grazing (Genin et al., 1994; Haury et al.,
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2000), while other studies reported no differences in zooplankton biomass compared to 
the open sea (Voronina and Timonin, 1986; Dower and Mackas, 1996; see Chapter 5).

It is also known that seamounts are characterized by the presence of substantial aggre-
gations of deep-bodied fi shes in the water column (Boehlert and Sasaki, 1988; Koslow, 
1996, 1997; Koslow et al., 2000). These aggregations are supported by the enhanced 
fl ux of prey organisms past the seamounts and the interception and trapping of vertical 
migrators by the uplifted topography (Tseytlin, 1985; Genin et al., 1988; Koslow, 1997). 
Sharks (Klimley et al., 1988; Hazin et al., 1998), tuna (Fonteneau, 1991; Holland et al.,
1999; Itano and Holland, 2000; Sibert et al., 2000), billfi shes (Sedberry and Loefer, 2001), 
cephalopods (Nesis, 1986), and marine mammals (Reeves and Mitchell, 1993) also con-
gregate over seamounts to feed, and even seabirds (Haney et al., 1995; Monteiro et al.,
1996) have been shown to be more abundant in the vicinity of shallow seamounts. This 
productive nature extends to the benthos; enhanced currents and steep slopes expose the 
volcanic rocks and favour the growth of suspension feeders in these benthic seamount 
communities (Genin et al., 1986; Grigg et al., 1987; Wilson and Kaufmann, 1987; Rogers, 
1994). Consequently, seamounts often support rich communities dominated by suspension 
feeders like gorgonians and corals (Richer de Forges et al., 2000; Koslow et al., 2001; 
Ohkushi and Natori, 2001), features that may be particularly susceptible and sensitive to 
disturbance by trawling (Probert et al., 1997; Koslow et al., 2001).

Information of this nature can be used to construct an ecosystem model for a gen-
eral seamount. To start this process, it is informative to begin by building a sketch of a 
‘typical’ seamount system (Fig. 15.8). As noted above, ecosystem models that span large 
proportions of the entire system usually have differential treatment of the various trophic 
levels. Lower trophic levels are nearly always represented using aggregate functional 
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groups and biomass pools, whereas the higher trophic level vertebrates are treated in 
much greater detail, often divided into subgroups based around taxonomy, stock structure, 
ontogeny, and even behaviour.

One of the most diffi cult things to grapple within very open systems such as seamounts 
is how to handle ecological processes that occur outside the system but have an impact 
within the system. For instance, many species spend a variable part of the year or life-
cycle away from the seamount. How is consumption or mortality during that period to 
be handled? How is production brought in via the currents to be handled? In the example
model given here these complications have been simplifi ed. In a more location-specifi c 
model they may have to be considered in careful detail (as was the case for Koslow, 1997; 
Bulman et al., 2002).

Interaction through predation is not the only process animals experience. Most import-
antly, fi sheries are also removing part of the system. Globally, seamount fi sheries around the 
world have been conducted mainly with technologically developed deepwater trawls, tar-
geting dense resident fi sh aggregations (Sasaki, 1986; Clark, 1999; Humphreys and Moffi tt, 
1999; Clark et al., 2000; Koslow et al., 2000; Boyer et al., 2001; Branch, 2001; Hareide 
et al., 2001; Vinnichenko, 2002; Bergstad et al., 2003; Lack et al., 2003; Chapter 17).
Orange roughy (Hoplostethus atlanticus), pelagic armourhead (Pseudopentaceros 
wheeleri), blue ling (Molva dipterygia), alfonsino (Beryx splendens), roundnose grena-
dier (Coryphaenoides rupestris), and redfi sh (Sebastes marinus) have been particularly 
targeted. Other fi sheries take advantage of the aggregation of pelagic species on top of 
seamounts, such as tuna, billfi sh, and pelagic sharks. On seamounts close to islands, semi-
artisanal fi sheries may also develop, and often target resident demersal fi sh species and 
invertebrates. Hence, using available information we can identify six types of fi sheries that 
operate on seamounts (Fig. 15.9).

Classifi cation of species into a set of biologically and ecologically defi ned groups is a 
critical step in model development (e.g., Figs. 15.1, 15.5, and 15.7). The better the system 
is known the more groups it is possible to defi ne. This is not an argument for including 
more groups, groups should be included on a basis of need, not just ‘because we can’. It is 
always important to have in mind the objectives of the modelling process to create groups 
that will help in exploring the hypothesis. The example EwE seamount ecosystem model 
detailed here (Fig. 15.8), includes 3 groups of marine mammals, seabirds, turtles; 7 groups 
of invertebrates; 3 zooplankton groups, primary producers, detritus; and 20 fi sh groups. 
The reason for having so many fi sh groups in the model is related to the hypothesis
we want to test, which revolves around fi shing impacts on the ecosystem.

The next step in model construction is parameterization. Associated data requirements 
can be model specifi c. Data types like physical forcing and nutrient concentrations are 
model specifi c, but biomass estimates, growth, consumption, and mortality rates tend to 
be universal concerns. In the case of a EwE model like the one detailed here ecological 
parameters required include biomass estimates, production, consumption, ecotrophic effi -
ciency, and production and consumption ratio (see Table 15.2). Some of these parameters 
can be easily found in the literature while others will have to be estimated from general 
equations. One of the crucial steps in ecosystem model parameterization is the defi nition 
of an interaction matrix. This typically consists of a diet matrix for predators interacting 
with their prey, but can be supplemented by a series of non-trophic interactions, such as 
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the provision of cover against predators. The fi nal basic trophic structure of our example 
EwE seamount model is shown in Fig. 15.10. Within the system, phytoplanktonic primary 
production and detritus are the sources of energy that sustain zooplanktonic secondary 
production and benthos. Predator groups benefi t from linking benthic and pelagic food 
chains at the top of the food web.

The fi nal step in model construction is to incorporate the human components. These 
need not only focus on fi sheries–resource interactions, though they are the primary focus 
of this publication. Fisheries and other anthropogenic data are often incorporated using 
an interaction matrix as shown in Table 15.3, that includes parameters for the species 
caught by each fl eet, bycatch organisms, prices, costs, and profi ts. This is supplemented 
by parameters specifi c to the processes represented in the particular fl eet dynamics or in 
another exploitation model.

(a) (b)

(c)

(e)

(d)

(f)

Fig. 15.9 Potential fi sheries operating around seamounts located close to islands. Those seamounts that are far 
from any shore may be target of pelagic and deepwater longliners, and deepwater trawlers: (a) deepwater trawl 
(targeting seamount-associated species, including orange roughy and alfonsinos) (photo courtesy Alan Blacklock, 
NIWA, New Zealand); (b) swordfi sh fi shery – deepwater longline (targeting bathypelagic and bathybenthic fi sh 
species; (c, e) demersal longline (targeting shallow water demersal and benthic fi sh species); (d) tuna fi shery; and 
(f) small pelagics fi shery. Photos b-f courtesy of ImagDOP.
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After parameterization comes calibration in which the model is fi tted as best as pos-
sible to available data such as biomass or catch time series. For the example EwE model 
being discussed here, a summary of the resulting ‘balanced’ seamount model and its 
parameter set is given in Table 15.2. The fi nal total biomass of the modelled ecosystem, 
excluding detritus, was estimated as 108 t/km2. This generic seamount is assumed to sup-
port large aggregations of fi sh, which account for 44% of the total biomass of the system. 
Primary producers contribute 7.2 t/km2 forming 6.7% of the total biomass, whereas at 
the other extreme toothed whales, pelagic sharks, tunas, and dolphins occupy the highest 
trophic levels, contributing 0.1% of the total biomass.

Table 15.2 Parameters of a 37-component trophic model for a potential seamount ecosystem in the North 
Atlantic. Italicized values, trophic levels and omnivory index were estimated by the model. Parameter values are 
based on those from a model of seamounts in the Azores.

Group name Trophic Omnivory Biomass Production/ Consumption/ Ecotrophic
 level index (t/km2) biomass biomass effi ciency
    (per year) (per year)

Detritus 1.00 0.33 100.000 – – 0.046
Phytoplankton 1.00 0.00  7.160 290.00 – 0.358
Benthos fi lter feeders 2.00 0.00  0.595  0.80  9.00 0.619
Benthic crustaceans 2.00 0.00  3.858  1.60 10.00 0.951
Shallow zooplankton 2.11 0.11  16.684  11.21 37.38 0.774
Deep zooplankton 2.23 0.21  6.849  8.70 29.00 0.683
Benthos scavengers 2.28 0.24  3.089  1.83 13.57 0.868
Pelagic crustaceans 2.72 0.32  5.161  1.45  9.67 0.950
Gelatinous zooplankton 3.08 0.20  8.893  0.85  2.00 0.800
Small epipelagic 3.10 0.22  0.859  2.05 19.87 0.567
Non-migrating mesopelagic 3.12 0.01  1.419  0.50  1.57 0.950
Small migrating mesopelagic 3.37 0.11  2.000  1.98  8.00 0.982
Bathybenthic fi shes 3.52 0.35  1.142  0.20  0.50 0.950
Baleen whales 3.56 0.49  0.123  0.06  5.56 0.032
Large oceanic planktivores 3.56 0.34  0.003  0.11  2.07 0.138
Medium epipelagic 3.59 0.33  0.113  1.08 10.75 0.904
Shallow benthic fi shes 3.71 0.33  0.820  0.59  4.70 0.923
Cephalopods resident 3.76 0.32  0.189  2.89 10.00 0.871
Cephalopods drifting small 3.83 0.23  0.175  4.45 16.86 0.950
Rays and skates 3.90 0.44  0.020  0.17  1.50 0.701
Beryx spp. 3.91 0.21  1.620  0.06  2.00 0.501
Shallow demersal fi shes 4.03 0.39  0.193  0.66  5.20 0.950
Sea turtles 4.08 0.00  0.001  0.15  3.50 0.976
Seamount-associated fi shes 4.13 0.16  3.230  0.06  2.20 0.791
Bathypelagic 4.15 0.52  0.030  0.50  1.48 0.950
Large epipelagic 4.18 0.23  0.014  0.69  5.10 0.609
H. atlanticus 4.18 0.23  41.930  0.05  2.00 0.402
Bathydemersal fi shes 4.18 0.33  1.278  0.20  0.60 0.950
Cephalopods drifting large 4.33 0.51  0.001  2.50 10.00 0.566
Large migrating mesopelagic 4.34 0.25  0.002  0.60  3.55 0.950
Seabirds 4.36 0.26  0.001  0.04 84.39 0.026
Sharks benthopelagic 4.39 0.44  0.030  0.51  6.90 0.137
Billfi shes 4.54 0.12  0.025  0.50  4.20 0.081
Dolphins 4.58 0.16  0.040  0.07 11.41 0.054
Tunas 4.58 0.12  0.040  0.74 16.29 0.597
Sharks pelagic 4.70 0.57  0.015  0.30  3.10 0.702
Toothed whales 5.16 0.13  �0.001  0.02 10.27 0.513
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Fig. 15.10 Flow diagram of a seamount ecosystem used in ecosystem simulation modelling. The size of the nodes 
is roughly proportional to the biomass of each group.

Table 15.3 Fisheries in the example seamount ecosystem model (Morato and Pikcher, 2005). Average landings 
(t/km2/year) estimated for the different fi sheries considered in the theoretical seamount.

Group name Landings by fl eet (t/km2/year)    t/year

 BL DWL SP T SW DWT Total

Tunas    0.011    30.0
Billfi shes     0.001   2.7
Sharks pelagic 0.001    0.001   5.5
Sharks benthopelagic 0.001     0.001  5.5
Rays and skates 0.002       5.5
Small epipelagic   0.05    136.4
Medium epipelagic   0.01     27.3
Shallow benthic fi shes 0.080      218.2
Shallow demersal fi shes 0.020       54.6
Seamount-associated fi shes  0.001    0.010  30.0

H. atlanticus      0.010  27.3
Beryx spp. 0.005     0.005  27.3
Bathypelagic  0.005    0.001  16.4
Bathybenthic fi shes  0.002    0.001  8.2
Bathydemersal fi shes 0.001 0    0.001  5.5

Total (t/km2/year) 0.11 0.008 0.06 0.011 0.002 0.029 600.4

Number of jobs per catch 20 20 9 3 3 1

Data on number of jobs per catch value is also presented.
BL: bottom longline; DWL: deepwater longline; SP: small pelagic fi shery; T: tuna; SW: swordfi sh; DWT: deep-
water trawl.
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Model analysis

Ecological characteristics of the system

Several ecosystem indices drawn from theoretical ecology (Odum, 1971; Christensen, 
1995) allow the comparison of ecological characteristics of seamounts with other systems. 
The system summary statistics for our example seamount model are given in Table 15.4.
One statistic of interest is the ratio of primary production/total respiration, which refl ects 
the maturity and development of the system (Christensen, 1995). This ratio was greater 
than 1.0 for our system (at 3.4) suggesting an immature system. A ratio of 19.3 for the 
total primary production/total biomass also highlighted the relative immaturity of our
system – the value is about the level of the overall average across known systems, but well 
away from the values reported for extremely mature and immature systems in Christensen 
(1992). The estimated value of 1466 t/km2/year for net production also points towards a 
relatively immature system. Large values of net system production are expected in imma-
ture systems and values close to zero in mature ones.

Table 15.4 System summary statistics (from ecological theory) for a model of a theoretical 
seamount in the North Atlantic.

Parameter Value

Sum of all consumption (t/km2/year) 1119.9
Sum of all exports (t/km2/year) 1465.8
Sum of all respiratory fl ows (t/km2/year) 610.5
Sum of all fl ows into detritus (t/km2/year) 1623.7
Total system throughput (t/km2/year) 4820
Sum of all production (t/km2/year) 2361
Mean trophic level of the catch 4.08
Gross effi ciency (catch/net primary production) 0.0005
Calculated total net primary production (t/km2/year) 2076
Total primary production/total respiration 3.4
Net system production (t/km2/year) 1466
Total primary production/total biomass 19.3
Total biomass/total throughput 0.022
Total biomass (excluding detritus) (t/km2) 107.6
Total catches (t/km2/year) 1.09
Connectance index 0.20
System omnivory index 0.23

The net primary production of 2076 t/km2/year required to sustain the system was simi-
lar to the estimated primary production of 2030 t/km2/year in a North Atlantic EwE model 
(Guénette and Morato, 2001). It was, however, much lower than well recognized highly pro-
ductive systems, like the Benguela which has a calculated total net primary production of 
over 7000 t/km2/year (Heymans et al., 2004). It is interesting to note that while the system is 
relatively immature and not overly productive it does have a reasonably well-connected web. 
The system omnivory index value of 0.23 indicates that the model system is fairly stable
in its current form, with reasonably high levels of interaction diversity.

The indicators discussed here are just a few examples of ecosystem indices that can be 
used to consider the fi nal form of systems. They allow for comparisons between systems 
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and for a consideration of system state and type, and can give insights into the system 
dynamics and existing pressures. For instance, the values indicate that seamounts simi-
lar in form to the generic one represented by the model may be relatively ecologically 
immature. The potential for fi sheries and management to cause changes in the state of an 
ecosystem has been a topic of increasing interest for many years (e.g., Christensen, 1992).

Fisheries in the system

The role of commercial fi sheries in the example seamount model is equivalent to a preda-
tor occupying a mean trophic level of 4.08; which is at the same level as carnivorous sea 
turtles, but below that of the largest cephalopods, mesopelagic and benthic species and 
typical top predator groups, which include seabirds, billfi shes, sharks, dolphins, tunas, 
and toothed whales. Figure 15.11 shows the corresponding mean trophic levels of each 
fi shing fl eet and the annual catch. Fisheries for small pelagic fi sh occupy the lowest 
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Fig. 15.11 Trophic levels by fl eet for the catch from an example seamount model.

trophic levels, matching the trophic level of the small epipelagic and mesopelagic groups. 
The demersal longline fi shery has the next lowest trophic level of 3.80. It is only slightly 
below the overall fi sheries average trophic level at 4.08, which puts it on a footing with 
small and resident cephalopods, as well as skates and rays. The deepwater longline and 
trawl fi sheries have intermediate trophic levels, which are close to the overall average. The 
tuna and swordfi sh fi sheries had the highest trophic levels, which is as high as the largest 
of the top predators represented by the pelagic sharks and toothed whales. This shows that 
the fi sheries have the potential to compete with the biggest predators, which are often the 
main species of concern (Fig. 15.12). The magnitude of our simulated catch is such that 
it does not put too much pressure on the system as shown by simulations, which demon-
strate stability over a period of 25–50 years.
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Reconciling fi sheries with conservation on seamounts

Seamount fi sheries: ‘mining’ fi sh aggregations

Seamount fi sheries have recently attracted attention due to their increased importance 
and recognized impact on ecosystems. However, information about seamount fi sheries is 
very sparse and it is usually quite diffi cult to make a distinction between deepwater fi shing 
activities in general and those occurring on seamounts. Moreover, fi sh species living on 
seamounts are known to occur in other habitats, such as the continental slope. Since catch 
statistics are rarely spatially allocated, it is diffi cult to obtain an estimate of the total fi sher-
ies occurring on seamounts worldwide, even though seamount fi sheries are usually assumed 
to be very important economically (Chapters 16–19). Seamount fi sheries have been mainly 
conducted using technologically advanced deepwater trawl gear to target dense fi sh aggre-
gations. Because of the life history of targeted species (Morato et al., 2006b), deepwater
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fi sheries in general, and seamounts fi sheries in particular, are usually characterized by a 
boom and bust sequence (Koslow et al., 2000; Hareide et al., 2001; Chapter 19). In some 
oceanic islands in the South Pacifi c, or in the Azores and Madeira archipelagos in the 
North Atlantic, there has been a long history of artisanal handline fi sheries for deepwa-
ter species. Currently, these seamount fi sheries that operate with semi-industrial longline, 
handline, and pole-and-line are believed to be sustainable (Chapter 16). The typical boom 
and bust sequence has not been observed, although symptoms of stock decline have been 
identifi ed (Santos et al., 1995; Menezes, 2003; Chapter 16).

We may then ask whether seamount fi sheries, especially those prosecuted through 
deepwater trawling, may be sustainable in the long term (Clark, 2001). Several scien-
tifi c studies (e.g., Hopper, 1995; Merrett and Haedrich, 1997; Moore, 1999; Moore and 
Mace, 1999; Probert, 1999; Roberts, 2002), environmental agencies (Lack et al., 2003), 
and governments have strongly advocated an urgent need for implementation of fi shing 
regulations for deepwater fi sheries. At least in part, these could be via the establishment 
of MPAs, or a ban on deepwater trawling in sensitive habitats, like seamounts.

Tradeoffs between conservation and fi sheries

There is a rising concern about threats to seamount ecosystems in the exclusive economic 
zones of coastal states and the high seas. Several countries, such as Canada, Australia, 
New Zealand, and Portugal have begun to undertake action for the protection of such 
‘fragile’ ecosystems. That said, seamount ecosystems remain one of the worst cases of 
data-limited situations, comprising a true challenge for fi shery scientists and managers, 
who are urged to respond to societal demands for development of new fi sheries, under 
the precautionary approach of the FAO Code of Conduct. Modelling allows preliminary 
exploration of management regimes such as MPAs of different sizes, trawl bans, or com-
binations of measures with the current open access situation. While a low risk of deple-
tion and/or adverse ecosystem effects in a model scenario will not necessarily refl ect what 
would happen on the ground, scenarios that show high risk send a clear alarm signal. The 
models therefore help us to implement a precautionary approach as advocated by the UN 
Code of Conduct for Responsible Fisheries (FAO, 1995).

Morato and Pitcher (2005) explored the types of fi sheries that might be sustain-
able on seamount ecosystems using used the EwE policy search options of Christensen 
and Walters (2004b). They used a general EwE model developed for North Atlantic 
seamounts, which is identical to the example EwE model presented here. The model 
covers an area of about 3000 km2, includes 37 functional groups, and is assumed to have 
a low initial level of exploitation with landings varying from 0.08 t/km2/year for shallow 
benthic fi shes to 0.001 t/km2/year for billfi shes. In this context, Morato and Pitcher (2005) 
used EwE’s policy optimization features to evaluate the time patterns of relative fi shing 
effort by fi shing fl eet. The objectives considered were

1. ‘Economy’, or maximization of net economic value evaluated as total value of the catch.
2. ‘Jobs’, or employment maximization. This is a social indicator, assumed proportional 

to gross landed value of catch for each fl eet with a different jobs/landed value ratio for 
each fl eet.
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3. ‘Ecology’, or maximized ecological ‘stability’ measured by assigning a weighting factor
to each group based on their longevity, and optimizing for the weighted sum.

The resulting integrated objective function can be thought of as a ‘multi-criterion objective’,
represented as a weighted sum for the three above-mentioned objectives; with the fi nal 
objective function given by:

OBJ W NPV W J W B
PV ijt J ijt E

ijt
	 � �∑ ∑ ∑( )  (15.7)

where W, weighting factors; V, value; J, jobs; E, ecology; i, fl eets; j, species caught; 
t, time in years; NPV, net present value; and B/P, biomass production ratio, assumed to be 
proportional to species longevity and thus ecological stability.

Optimal scenario solutions for a range of ecological and economic objective weight-
ings were accessed to search for tradeoffs among objective functions. Surface plots 
(Fig. 15.13) clearly show that it is not possible to maximize the performance of all three 
objectives, net economic value, number of jobs, and ecological ‘stability’, simultaneously. 
Net economic value (Fig. 15.13a) is maximized with high economic and low ecological 
weighting factors, while number of jobs (Fig. 15.13b) is maximized with high weight-
ings of both factors. This results in a decrease in the ecological ‘stability’ of the sys-
tem. Conversely, to maximize ‘ecosystem stability’ (Fig. 15.13c), a high weighting must 
be given to ‘ecology’ and a low weighting to ‘economy’. Not surprisingly, assigning a 
low weighting factor to ‘economy’ and a high weighting factor to ‘ecology’ results in a 
decrease of the net economic value and the number of jobs, with a corresponding increase 
in the system’s ecological stability. Intermediate weightings produce, in general, inter-
mediate performances for the three objective functions. Interestingly, this form of result 
is not restricted to seamounts and has been found for other systems, such as a shallow 
enclosed bay (Fulton and Smith, 2004).

The fi shing rates required to achieve different performances of the objective func-
tions (i.e., fi shing policies) are presented in surface plots in Fig. 15.14. Maximizing net 
economic value of the system (lower-right corner of Fig. 15.14) required an increase in 
fi shing rates for most fi sheries. In this scenario, optimal fl eet confi guration would favour 
deepwater longline (Fig. 15.14a), deepwater trawl (Fig. 15.14b), and pelagic longline 
(Fig. 15.14c). In contrast, achieving ecological ‘stability’ in the system (upper-left corner 
of Fig. 15.14) required most fi sheries to lower their fi shing rates. In this case optimal fl eet 
confi guration will favour small a pelagic fi shery (Fig. 15.14d), tuna pole-and-line fi shery 
(Fig. 15.14e), and bottom longline fi sheries (Fig. 15.14f).

The ecosystem indicators, mean trophic level of the catch and biodiversity, and total 
catch estimates derived from the optimal fi shing strategies for the overall range of weight-
ing factors for ‘ecology’ and ‘economy’ are presented in Fig. 15.15. Total catches were 
maximized when weighting was high for ‘economy’ and low for ‘ecology’ objective func-
tions (Fig. 15.15a), resulting in low mean trophic level of the catch (Fig. 15.15b) and in a 
loss of biodiversity (Fig. 15.15c).

The analyses showed that simulations with policy objectives that maximize economic 
performance would favour a fl eet confi guration based on deepwater trawling, but having a 
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cost for the ecosystem. Maximizing ecological performance will favour a fl eet confi gura-
tion based on small pelagic and bottom longline fi sheries, but would sacrifi ce total catches 
and jobs, while maximizing the biomass of long-lived species and biodiversity. The over-
all study suggested that sustainable seamount fi sheries with tolerable ecosystem impacts 
appeared to be closer to those found by maximizing the ‘ecological’ objective function.

This discussion has not dealt with spatial management options. It would be relatively 
easy to consider them, however, using an Ecospace extension of the example model pre-
sented here. Alternatively, if the same scenario were run using one of the other modelling 
methods discussed earlier, a range of other management approaches, including spatial 
management, and monitoring schemes could be considered. Each type of model is suited 
to answering only certain questions, so it is always good to use as many different models 
as possible, to cover as many angles of a topic as possible.
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Fig. 15.13 Surface plots from a EwE model showing the relative performance of scenarios for a range of weight-
ings of ecological and economic objective functions. Points on the surface represent solutions that optimize 
objective functions for (a) maximizing net economic value, (b) maximizing number of jobs, and (c) maximiz-
ing ecological ‘stability’. Scale goes from light blue (low performance) to dark red (high performance). Smooth 
surface is interpolated.
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Fig. 15.14 Surface plots from a EwE model showing the resulting fi shing rates, as proportion of base model 
rates, of the optimal scenario solutions for a range of weightings of ecological and economic objective functions: 
(a) deepwater longline, (b) deepwater trawl, (c) pelagic longline, (d) small pelagic fi shery, (e) tuna fi shery, 
(f) demersal (bottom) longline. Scale goes from light blue (low proportion of base model rates) to dark red (high 
proportion of base model rates). Smooth surface is interpolated.
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Models like these can be built in a few months, but refi ned versions that are robust 
enough to be used in management can take several years to build and validate.

Conclusions

The complex topography of seamounts can make them localized hotspots of productivity 
and biodiversity at all trophic levels, both in the pelagic and benthic zones. Seamounts 
also attract and concentrate marine life from wide surrounding areas making them natural 
targets for fi sheries. Unfortunately, their constrained spatial nature and the life histories 
(long lived, slow growing, late maturing) of some of the most prominent species at these 
locations mean they are very vulnerable to over exploitation.
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Fig. 15.15 Surface plots from a EwE model showing the resulting ecosystem indicators and total fi sheries catch 
for the optimal scenario solutions for a range of weightings of ecological and economic objective functions: 
(a) total catch, (b) mean trophic level of the catch, and (c) biodiversity index (Q75). Scale goes from light blue 
(low) to dark red (high). Smooth surface is interpolated.
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The generally poor state of fi sheries at a global level (FAO, 2004) has meant that fi sh 
populations on continental shelves have been depleted and fi sheries have moved into 
new areas in search of new resources. While continental slopes have come under increas-
ing pressure, seamounts have also featured strongly amongst the newly exploited areas 
(FAO, 2005). The history of fi shing of deepwater fi sh populations, such as those found on 
slopes and seamounts, has been characterized by boom and bust dynamics crashing within 
roughly a decade of their initial development (Merrett and Haedrich, 1997). For instance, 
the orange roughy fi sheries in New Zealand (Clark, 1995, 1999; Clark et al., 2000), 
Australia (Wayte and Bax, 2001; Lack et al., 2003), Namibia (Boyer et al., 2001; Branch, 
2001), and the North Atlantic (Branch, 2001) have all shown this pattern with most below 
the target level of 30%, and many below 20%. Serial depletion occurred with a number of 
seamount-based fi sheries; as has the fi sheries on pelagic armourhead over the seamounts 
in international waters off Hawaii (Boehlert and Genin, 1987); and the North Atlantic blue 
ling fi sheries (Bergstad et al., 2003; Devine et al., 2006). Seamounts are so easily depleted 
of such fi sh that even the fi sh stocks exploited by small-scale fi sheries in the Azores have 
declined (Santos et al., 1995; Menezes 2003; see Chapters 16, 17, and 19).

Beyond the depletion of target species, the impacts on bycatch species, and the dam-
aging of benthic communities particularly corals and other suspension feeders are major 
concerns. Trawling causes dramatic changes in benthic communities (Goni, 1998; Jennings
et al., 2001). Such massive change in or loss of structural components of the ecosystem has 
wide ranging and negative consequences on seamount biodiversity (Fogarty and Murawski, 
1998; Jackson et al., 2001). The models suggest that quantitative data on these benthic 
communities, on mesopelagic intercepts and plankton enhancement is desperately needed 
to improve our understanding of seamount ecology and the responses to fi sheries. In many 
cases, heavy depletion of seamount ecosystems from opportunistic fi sheries has come far 
more rapidly than such data can be obtained.

In the past there was little legislative protection for seamount ecosystems and little obli-
gation to collect information with the detail required to support effective resource manage-
ment. Bodies such as the FAO have identifi ed the need to rectify this situation. Progress 
has only been patchy to date, so supplementary tools are needed to consider the best means 
of managing seamount fi sheries. Ecosystem models are one such tool. Their advantage 
over single species analysis is that they explicitly allow for evaluation of bycatch, habitat 
impacts, anthropogenic and environmental interactions, and the implications of alterna-
tive policy scenarios and management strategies can be considered. For example, based 
on the preliminary seamount model discussed here, protection at the level required under 
ecosystem-based management legislation can only ensue if ecological objectives outweigh 
economic ones. A switch from trawling to longlining might be called for to minimize dis-
turbance to seabed habitats and associated fauna, but the model suggests that a switch to 
longlining may actually be detrimental if trawling pressure is not suffi ciently reduced, as 
the longliners can access spatial refuges where stocks are safe from trawling.

The biology, ecology, and life history dynamics of many seamount ecosystem com-
ponents remain poorly understood. Until these data gaps are fi lled and more is known about
these fragile ecosystems and the long-term impacts of fi shing, a precautionary ecosystem-
based approach should be adopted to ensure appropriate management of all ecosystem 
components (FAO, 2005). In some cases, this may require substantial changes in fi sheries 
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practices, for example, halting fi sheries that are unsustainable or switching to less dam-
aging gears. The judicious use of ecosystem models for forecasts can help guide these deci-
sions and help avoid unexpected consequences of new management actions. Comparisons 
among the different types of models may encourage greater confi dence in their use, 
although this work is only just beginning.
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Chapter 16

Small-scale fi shing on seamounts

Helder Marques da Silva and Mário Rui Pinho

Abstract

This chapter attempts to estimate the signifi cance of worldwide small-scale seamount 
fi sheries. As it is impossible to determine the location of each catch, we have broadened 
the defi nition of a seamount and have excluded areas with few seamounts. Small-scale 
fi sheries are defi ned as those using artisanal fi shing vessels and gear. We also had to 
defi ne the groups of species to include in the analyses, as different groups of seamount 
fi shes behave in different ways. Tuna caught by artisanal fi sheries are included as the spe-
cies are attracted to seamounts and so become a temporary part of the fi sh community. 
We estimate that about 150 000–250 000 t of fi sh are caught worldwide from small-scale 
fi sheries on seamounts. This estimate should be used with caution as there are likely to 
be unreported catches in some areas, and many islands, such as in the Western Central 
Pacifi c, had to be excluded, as catches from such locations include a mix of seamount 
and coral reef benthic species. We also present some case studies of small-scale seamount 
fi sheries: the Azorean fi shery in the early sixteenth century; the Hawaiian fi shery; and the 
Seychelles fi shery in the Indian Ocean. Other special cases are the black scabbard fi shery 
of Madeira, in the Atlantic, and the oil fi shery and the fi shery over the Bowie Seamount, 
both in the Pacifi c. In this last the political dimension is of particular interest.

Introduction

A seamount is an undersea mountain, usually of volcanic origin (see Chapter 1). An oceanic
island is a special case of a seamount that rises above the surface. Seamounts can usually 
be found, in varying numbers, around oceanic islands making them accessible to local 
small-scale fi shers. In many cases, traditional fi shing methods such as hand lines have 
been replaced by electric or hydraulic reels. As opposed to deepwater fi sheries along the 
continental margins of some tropical and sub-tropical areas, seamount fi sheries developed
almost exclusively in the proximity of oceanic islands, at varying depths, although deep water
species may often represent a considerable volume of the catches. Although of minor glo-
bal signifi cance, these fi sheries often have high cultural and social as well as economic 
importance to the island states and regions where they evolved and can still be found.
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Our fi rst as sources for data were island states or regions including some continen-
tal regions close to seamounts. Ninety-four islands or archipelagos and 20 continental 
states were identifi ed in this way. While there is no internationally agreed defi nition of a 
seamount (see Gubbay, 2002, 2003; Kitchingman and Lai, 2004; ICES, 2005) the defi ni-
tion in the Preface to this book is appropriate as it is based primarily on ecological criteria 
relevant to fi sheries. We defi ne a ‘seamount fi shery’ as one that develops in the vicinity 
of a seamount as we cannot separate artisanal catch made over the top of a seamount 
from catch on the slope. While this separation may be necessary to evaluate some physi-
cal, chemical or ecological phenomena, our main concern is to identify artisanal catch 
from such topographic areas. We defi ne a small-scale fi shery as one that uses vessels 
under 30 m using artisanal fi shing gears such as handlines, pole-and-line, traps and pots, 
small nets and short longlines.

We also need to defi ne what we mean by a seamount species. There is a case for broad-
ening the category of seamount species so that interactions among fi sh communities can 
be accounted for. As a result, we have not tried to differentiate between permanent resi-
dents, temporary residents and seamount visitors, as it would make analysis diffi cult. We 
therefore deal with seamount fi sheries as a community rather than dealing with each spe-
cies in turn.

The tunas are the most obvious group of species that are not resident members of 
seamount communities but which contribute signifi cantly to catches (Fonteneau, 1991).

This chapter presents the fi rst attempt to identify the global occurrence of small-scale 
seamount fi sheries and estimate their signifi cance. It includes some case studies of small-
scale seamount fi sheries, covering at least one area per ocean with contrasting conditions. 
Atlantic examples include the Azorean fi shery in the early sixteenth century, and the fi sh-
ery for black scabbardfi sh off Madeira. In the Pacifi c, we discuss the Hawaiian fi shery, as 
well as both the oil fi shery and over the Bowie Seamount, paying particular attention to 
the political dimension and describe the Seychelles fi sheries in the Indian Ocean.

Global small-scale fi sheries

A topographic map of the ocean fl oor shows where the major seamount assemblages are 
located, which provides a clue as to where seamount fi sheries might be found. A fi shery is 
much more likely to exist when the seamounts are close to inhabited islands (Fig. 16.1). 
We excluded continental areas from the analysis, since these often have continental shelf 
platforms and only seldom are near seamount areas. Exceptions are found off the coast of 
the US and Italy, where medium seamount densities are found.

In a second step, we used information from the ‘Sea Around Us Project’ (SAUP, 2005) 
to classify seamount island areas by high, medium and low density (Fig. 16.1). To reduce 
the chance of incorporating non-seamount catches in our global estimate, low density 
areas were excluded from the analysis, although we acknowledge that this will result in 
an underestimation. Seven areas were so identifi ed, one area of high seamount densities in 
the Western Central Pacifi c, and six other areas of medium density: Japan, Indian Ocean, 
New Zealand, Easter, Gulf of Mexico and Mid-Atlantic Ridge.
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Another problem was identifi ed. Although all seven areas can be defi ned as seamount 
regions, other types of ecosystem, notably coral reefs also occur and support important fi sh-
eries. As the ‘Sea Around Us’ database includes the percentage of coral reefs in each area, as 
well as the respective shelf areas, we were able to classify each seamount region by the dens-
ity of coral reefs. A threshold was defi ned by the average density of coral reefs in all seven 
regions previously identifi ed, allowing the separation of ‘clean’ seamount areas. These were: 
the Mid-Atlantic Ridge; Easter area; Japan, including the islands of Ryukyu and Ogasawara 
and the contiguous North Marianas; and Indonesia, Mauritius and Bouvet Island in the 
Indian Ocean. The Western Central Pacifi c is not only the area of the highest seamount den-
sity, but also the ‘noisiest’ with respect to possible interactions among seamount and coral 
reef fi sheries. This means that greater care should be given to the analyses of the seamount 
catch compositions and the allocation of those catches to locations.

A preliminary analysis of the catches from individual seamount areas led us to exclude 
Japan, including the Sea of Japan and Ryukyu Island, as well as the Philippines, Indonesia 
and the island of New Zealand. The volume of catches and species composition suggest 
that industrial and/or large-scale fi sheries largely dominate the catches from these areas 
(Table 16.1).

Some islands were also excluded as they had no recorded catch, although in some 
cases catches had been by distant water fl eets, which are not part of the present chap-
ter. Islands in this category are Bouvet, S. Georgia and Sandwich, Tristan da Cunha, 
Ascension, S. Helena, Midway, Pitcairn and Clipperton.

Another conclusion of the catch analysis was that while the bulk of Western Central 
Pacifi c islands represent the highest seamount densities in the world, they do not consti-
tute a seamount fi shing area. This is particularly true for demersal fi sh, which are mostly 
caught over the coral reefs that dominate the surrounding shelf areas. Nonetheless, the 
catch of pelagic species which is largely dominated by tuna, albacore (Thunnus alalunga),

Fig. 16.1 Topographic world map (from NOAA) with indication of all island states/regions classifi ed as having 
high (red) or medium (black) seamount densities.
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bigeye (Thunnus obsesus), yellowfi n (Thunnus albacares) and skipjack (Katsuwonus 
pelamis), caught by hook and line fi shing gears, occurs outside of the reef areas, thus over 
the seamounts that dominate the rough topography of the sea bottom (Table 16.1).

It would be interesting and valuable to discover the volume of seamount catches made 
worldwide. Although diffi cult to answer with a high level of precision, a rough estimate may
be obtained by the sum of the landings from the island states or regions selected for analysis,
excluding those catches of species, or groups of species, typically caught on reef ecosystems
(Table 16.1; see also Chapter 18). Doing this, leads to an estimate of about 150 000–250 000 t,
half of which is represented by tuna species. These fi gures are likely conservative as there 
may well be some signifi cant unidentifi ed small-scale catch around islands where the bulk 
of catches are from industrial fi sheries. Similarly, some of the islands excluded because of 
high densities of coral reefs, may well have unidentifi ed catches from seamounts which 
were not included. Excluding areas of low seamount density also probably led to an 
underestimate of global catch. On the other hand, one might question the reasonability of 
including tuna and the exclusion of tuna catches would greatly reduce the volume. Table 
16.1 provides a rough estimate under the assumption that tuna are seamount species, but 
also allows an estimate based on a tuna-free total.

The Azores

Early fi sheries

A sixteenth century account by Gaspar Frutuoso describes the Azorean fi sheries of 
S. Miguel Island after its discovery in 1427: ‘Five years after the discovery of this island no
one yet had a hook. They used to fi sh with a big chunk of meat tied to a line hanging from 
the tip of a thin branch. There was so many fi sh at that time that they used to catch more 
fi sh without hooks than is done today with sophisticated gears.’ ‘They used to catch much 
fi sh of all kinds with twisted nails; but sometimes with no nails or hooks at all, just with 
their hands. They could catch fi sh swimming in the shallows’ (quoted in Frutuoso, 1968).

A further description cited in Frutuoso (1983), refers to Terceira Island and the huge 
amount of fi sh that could be caught off the Frades islets: ‘southeast of the these islets 
there is an undersea elevation. About 3 km from the islet the elevation has 400 fathoms 
of depth (about 730 m) but further away sailors found a steep rock that could get as shal-
low as 60 fathoms (about 110 m). This seems to be a tall seamount but no depth sound-
ings have been made beyond this shallow point’ … ‘Sailors agree that there were many 
mackerel schools around this area. … Over this seamount, there were also many large fi sh 
like the wreckfi sh (Polyprion americanus), conger eels (Conger conger), six-gill sharks 
(Hexanchus griseus) … porgies (Pagrus pagrus), dogfi sh (Galeorhinus galeus). … There 
were also shortfi n mako shark (Isurus oxyrinchus), an edible shark, kitefi n shark (Dalatias
licha), dusky grouper (Epinephelus guaza), blackspot seabream (Pagellus bogaraveo),
redfi sh (Helicolenus dactylopterus) …’.

Further describing the coast of Terceira Island, namely Pico do Altar, Gaspar Frutuoso 
(Frutuoso, 1983) wrote ‘Pico do Altar was used as an orientation point for fi shermen of 
Angra that fi shed off the north coast of Terceira Island. About 15 km northeast of Pico 
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do Altar fi shermen have found a shallow seamount with 50–60 fathoms depth (about 
90–110 m). … Over it there were so many fi sh of all kinds that fi shermen could fi ll their 
boats in less than 2 h … and the fi sh caught there was easily recognized for being fat 
because of the impressive amount of food available.’

The descriptions show that the existence of seamounts was already recognized several 
centuries ago, as were the existence and quality of many fi sh species associated with those 
rocky complexes.

In the mid-twentieth century, recognizing the association of high fi sh concentrations with 
seamounts a list was published of the seamounts off the coast of Terceira Island of most 
relevance to pelagic and demersal fi sh species (Lopes, 1948). Nine seamounts were con-
sidered to have abundant stocks of pelagic species, mostly mackerel (Scomber japonicus)
and horse mackerel (Trachurus picturactus), but also jacks (Seriola sp.), sardine (Sardina 
pilchardus) and barracuda (Sphyraena sphyraena), while 29 seamounts were identifi ed to 
have demersal fi sh species, namely wreckfi sh, redfi sh, conger eel, blackspot seabream and 
the forkbeard (Phycis phycis). In addition, a list of 251 coastal fi shing locations was also 
presented (Lopes, 1948).

The ecosystem

The Azores archipelago is located on the mid-Atlantic ridge, at the intersection of the 
European, American and African plates. The archipelago consists of nine volcanic islands 
forming three groups, running WNW-ESE, at 37–40°N latitude and 25–32ºW longitude 
(Fig. 16.2). The Azores Exclusive Economic Zone (EEZ) comprises only 0.28% of the 
total surface of the world oceans, but contains 0.4% of the seamounts (SAUP, 2005; Table 
16.1), making the Azores a major seamount area.

The land portion of the archipelago is 2344 km2, but the marine EEZ is almost 1 mil-
lion km2 (948 439 km2). The marine topography is highly irregular, quickly achieving 
depths of over 1000 m on moving offshore. The continental shelf is non-existent and the 
bottom is mainly rocky. The Azores Islands have a very steep seafl oor, imposing signifi -
cant constraints on the distribution of shallow water organisms. Around the islands, strata 
from 0 to 1000 m represent about 1% of the total EEZ area while the seamount areas 
including knolls, hills or guyots, within the same strata represent about 2% (Martins, 
1986; Isidro, 1996; Menezes, 2003). Recent seamount mapping around the Azores by 
Machete et al. (2005), indicates that seamounts represent about 6% of total EEZ. Thus, 
areas below 1000 m, considered as less productive for fi sheries, represent about 94–97% 
of the total EEZ. While interactions between coastal areas and the different seamounts 
are not yet very well understood (Pinho, 2003), the structure of the fi sh communities in 
both areas is quite similar (Menezes, 2003). The above characterization of the Azores Sea 
explains the domination of deep water and pelagic species in this ecosystem and supports 
the assumption that all fi sh species belong to the same seamount fi sh community.

Main fi sheries of the Azores

The Azores has four main fi sheries: (1) the small pelagic (horse mackerel and mackerel) 
fi shery which uses open deck vessels under 12 m with small nets (Fernandes, 1994; Pinho 
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et al., 1995; Isidro, 1996); (2) the pole-and-line tuna fi shery from March to October 
which uses boats over 18 m (Pereira, 1995); (3) the demersal fi shery, which uses hook-
based fi shing gears such as handlines and deep longlines and operates from both small 
open deck vessels under 12 m and closed deck vessels over 12 m (Menezes, 1996) and (4) 
the swordfi sh fi shery, which was developed during the mid-1980s, using surface longlines, 
and operates from boats of both demersal fi shery categories presented above (Simões, 
1995; Silva and Pereira, 1999).

The Azores fl eet has three main components: artisanal open deck vessels of mean length
under 12 m and a Gross Registered Tonnage (GRT) �10 t, artisanal closed deck vessels, 
with a mean length smaller than 18 m and a GRT�50 t, and a group of larger vessels, with 
mean length greater than 18 m but smaller than 30 m and a GRT>50 t (Fig. 16.3).

Landings

Demersal species are the most valuable among Azorean fi sheries, although until 1998 they 
ranked second in weight after the tuna fi shery (Pinho and Menezes, 2006). From then on, 
demersal species became the most important fi shery in weight as a result of the signifi cant 
decrease of the catches of tuna in the Azores (Fig. 16.4). Total landings increased until 
1993, with a decadal rate of increase of about 1000 t, and started decreasing afterwards. 
The demersal fi shery generated an annual income between 15 and 18 million Euros, from 
fi rst sale only, over the period 1998–2003.
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Tuna vessels (3%)

Fig. 16.3 Azorean fl eet structure by vessel size and proportion of total fl eet (adapted from Pinho and Menezes 
2006).

Management and state of the fi sheries

The Azorean demersal or deep water fi shery is a multispecies fi shery. Results from diet 
studies show that predation among demersal species is not observed, suggesting that 
predator–prey relationships are less important for assessment than technological interactions
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(Gomes et al., 1998). However, there is no simple theoretical approach that can be used to 
assess and manage the stocks in a multispecies context. In the Azores, the blackspot sea-
bream has been considered as the main target species and so the dynamics of the fi shery 
as a whole have been assumed to mirror of the dynamics of the seabream. Stock assess-
ments of blackspot seabream, have been carried out and presented to the fi shing commu-
nity since 1987 (Silva, 1987; Krug and Silva, 1988; Krug, 1994; Silva et al., 1994; Pinho 
et al., 1999; Pinho, 2003).

Until 1992, demersal resources were considered moderately exploited. The 1994 assess-
ment showed that resources were intensively exploited. Pinho (2003) suggests that blackspot
seabream may be overexploited and that models used in the assessment may not capture 
the dynamics of the species and the fi shery. For example, stock identity is not yet defi ned 
for most of the species in the Azores. Also, species interactions between coastal and off-
shore areas are not yet understood but some local depletion has already been observed as 
for example on the Condor bank and the coastal areas of S. Miguel Island.

Analysis of the survey abundance data also suggests that some traditional commer-
cially important demersal or deep water species, like the alfonsinos (Beryx spp.) are inten-
sively exploited (Pinho, 2003; Fig. 16.5). However, survey results also show a very high 
annual variability in the abundance indices, which cannot be explained only as a result of 
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Fig. 16.5 Annual landings (blue) and abundance indices (red) of some commercial demersal/deep water species 
(RPN: Relative Population Number from the Azorean Spring bottom longline survey) (adapted from Pinho and 
Menezes, 2006).

fi shing effects. This suggests that the Azorean ecosystem is complex. Particular concern 
must be noted also on the consequences of the pattern of resource exploitation on the sus-
tainability of less abundant species because harvest decisions have usually been based on 
what is known about target species. This concern has led to local discussions of the need 
to improve management of the Azorean multispecies fi shery (see Pinho, 2003 for details).
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Until 1992, demersal resources were considered moderately exploited and no manage-
ment action was taken. Between 1998 and 2000 some technical measures were implemented,
including restrictions on licences based on a minimum threshold landing in value, hook size
limit and access restrictions to fi shing areas by vessel size and gear type. Coastal Marine 
Protected Areas (MPAs) have been proposed and implemented under the EU. A ‘Natura 
2000’ network and offshore MPAs have also been proposed under the OSPAR convention 
(annex V; Afonso and Santos, 2004).

Exploitation of new resources of deep water species, like Mora moro and black scab-
bardfi sh (Aphanopus carbo), have been encouraged, as a consequence of the intensive 
fi shing of the traditional species. Growth of these fi sheries has however been slow as there 
is no local market for these species (ICES, 2005).

Management measures taken under the Common Fishery Policy of the European 
Community included introduction of a Total Allowable Catch (TAC) for some deep-
water species like black scabbardfi sh, orange roughy (Hoplostethus atlanticus), blacks-
pot seabream and the deepwater sharks Deania spp., Centrophorus spp., Etmopterus spp., 
Centroscysmnus, spp. and Dalatias licha (EC Reg. 2340/2002; EC Reg. 2270/2004). 
Effort restrictions based on a threshold tonnage have been implemented through licens-
ing of the deep water fl eet (EC Reg. 2347/2002). Additional and exceptional measures 
were introduced in the Azores with the creation of a temporary buffer zone of 100 naut-
ical miles around the islands where only Azorean vessels can be operated, so preventing 
higher fi shing intensity from distant water fl eets (EC Reg. 1954/2003).

The Hawaiian Islands

The Hawaiian archipelago stretches northwestward over 2778 m, from about 19ºN and 
155ºW to 28ºN and 178ºW (Fig. 16.6). The seven Main Hawaiian Islands (MHI): Hawaii, 
Maui, Lanai, Molokai, Oahu, Kauai and Niihau, comprise over 99% of the total land area 
and have virtually all of the State’s population of over 1 million residents. The relatively 
tiny eroded and submerged islands and reefs extending to the northwest are remnants of 
high islands that existed millions of years ago (Macdonald et al., 1983). The Hawaiian 
Islands were reached by colonizing Polynesians, probably from the Marquesas Islands, in 
about the fourth century SCAD, somewhat later than most other Polynesian islands. The 
human population reached 200 000 before contact with Europeans in 1778.

Marine ecosystems within the oceanic Pacifi c can be categorized as coastal, shelf, 
slope or seamount, and pelagic. Although the pelagic ecosystems are relatively homoge-
neous, the coastal ecosystems of the Pacifi c islands include numerous habitat types, and 
the slope ecosystem is intermediate in complexity (Holthus and Maragos, 1995).

Hawaiian fi sheries

The Hawaiian commercial fi shing sector includes a wide array of fi sheries (Boehlert, 1993).
Several fi sheries can be identifi ed including tuna fi shing using longline, pole-and-line, troll 
and handlines (Boggs and Ito, 1993; Pooley, 1993; WPRFMC, 2004); bottomfi sh using 
mainly hook and line techniques for the grouper–snapper-jack complex (Epinephelus
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quernus, Etelis spp., Pristipomoides spp., Aprion virescens, Aphareus rutilans, Lutjanus 
kasmira, Caranx spp.) (Haight et al., 1993; WPRFMC, 2003); lobster (Panulinus mar-
ginatus) trapping (Polovina, 1993); net fi shing for species such as bigeye scad (Selar
crumenopthlmus) and mackerel scad (Decapterus macarellus). There is also trolling
for pelagic species such as marlin (Makaira mazara, M. indica, Tetrapturus audax), wahoo
(Acanthocybium solandri) and mahimahi (Coryphaena hippurus). Hawaiian fi shing fl eets 
are also usually divided into three overlapping segments: large commercial fi sheries; 
small commercial fi sheries and recreational fi sheries including part time commercial and 
subsistence fi shing (Pooley, 1993).

Large commercial fi sheries include the pole-and-line skipjack fi shery and longliners 
for tuna and swordfi sh, distant water trollers for albacore and multipurpose vessels for 
bottomfi sh and lobsters operating mainly in the Northwest Hawaiian Islands (NWHI). 
Small-scale fi sheries include a wide variety of trollers and handliners, targeting pelagic 
species such as tunas, billfi sh and wahoo, and demersal fi sh. There is some trapping target-
ing reef fi sh, bottomfi sh, and crustaceans and net fi shing which targets mid-water scads.
These vessels operate almost exclusively in the MHI. The recreational fi shery includes 
vessels similar to the small commercial, charter and dive fi shing vessels and also a com-
ponent of very small vessels. The target species are very varied, including reef species, 
pelagic species such as tunas, billfi shes, mahimahi and wahoo, demersal fi sh and crust-
aceans. The fi shing methods are also very varied.

Fig. 16.6 Main and NW Hawaiian Islands and EEZ (data source from ESRI Data and Maps [CD-ROM], 2005; 
http://www.brocku.ca/maplibrary/digital/ESRIdata2005.htm).
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Landings

Pelagic landings average between 80% and 90% of total landings of Hawaii. Tunas are the 
most important resource, dominating the landings in almost all periods of the time series 
starting in 1948 (Fig. 16.7). The tuna fi shery between 1950s and 1970s was dominated by 

the live bait pole-and-line fl eets targeting skipjack tuna which was landed mainly for can-
ning. Skipjack landings represented about 50–60% of total during that period, with fl uctu-
ations over time. Landings started to decrease during the mid-1970s due to the reduction 
in effort on this component of the tuna fl eet, which followed the closing of the canning 
industry in 1984. Tuna landings increased again from 1985 as a consequence of important 
structural changes in local and world markets, introduction of new technologically more 
advanced and effi cient fl eets of trollers and longliners, and expansion of the geographic 
fi shing range. This period of expansion, industrialization and diversifi cation of Hawaiian 
pelagic fi sheries coincide with the expansion of the longliners and a decline of pole-and-
line, handlines and troll fl eets (Boggs and Ito, 1993; Pooley, 1993). The longline fi shery is 
by far the largest pelagic fi shery in Hawaii, representing 77% of the total pelagic catch in 
2003 and targets mainly tunas, sharks and swordfi sh (WPRFMC, 2004). Swordfi sh land-
ings began to increase in 1989 peaked at 5561 t in 1993, and started declining substan-
tially thereafter.

Landings of demersal fi sh in Hawaii present a cyclic trend with two peaks of about 
500 t in the early 1950s and at the end of the 1980s (Fig. 16.7). The fi shery declined stead-
ily through 1950s and 1960s as a consequence of decreased effort in the NWHI due to 
poor fi sh prices (Haight et al., 1993). The landings started to increase again during 1970s, 
concentrating mainly in the NWHI. The fi shery expanded during 1980s with landings 
peaking at 500 t in 1988. Landings decreased thereafter due to the introduction of man-
agement measures to reduce fi shing effort, particularly on the NWHI area.
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Management of the fi sheries

The Western Pacifi c Regional Fishery Management Council (WPRFMC) is the authority 
for managing EEZ fi sheries in Hawaii. Bottomfi sh resources from the MHI area are inten-
sively exploited, with some stocks considered as overexploited (fi ve major BMUS species 
in 2003 are considered in recruitment overfi shing) (WPRFMC, 2003). Fishery manage-
ment plans for bottomfi sh and seamount groundfi sh were implemented in 1986, under 
the Magnuson-Stevens Act (WPRFMC, 1986a). Apart from MHI and NWHI, Hawaiian 
marine fi sheries include a third geographical subarea, a chain of 2222 km of uninhabited 
islets, reefs and shoals across the north Pacifi c, including the Hancock seamount. For 
management purposes, the NWHI fi shery has been divided into two zones, the Hoòmalu 
and Mau zone (see WPRFMC, 2005). The plan prohibits certain destructive fi shing tech-
niques, including explosives, poisons, trawl nets, traps and bottom gillnets, and imple-
ments a permit system including a vessel identifi cation system, for bottomfi sh fi shing in 
the EEZ around the NWHI. It also includes a moratorium on the commercial harvest of 
groundfi sh stocks at the Hancock seamount. The management framework includes adjust-
ments such as catch limits, size limits, area or seasonal closures, fi shing effort limitation, 
fi shing gear restrictions, access limitation, permit and/or catch reporting requirements and 
a rules-related notice system.

The Fisheries Management Plan for the pelagic fi sheries of the Western Pacifi c Region 
was published in 1986 (WPRFMC, 1986b). This FMP regulates the US domestic fi sher-
ies for tuna, swordfi sh, marlin, sharks and other pelagic species in this region. The FMP 
prohibits drift gillnet fi shing within the region’s EEZ and foreign longline fi shing within 
certain areas of the EEZ. The plan also establishes a management framework of domes-
tic fi sheries that includes closed areas to fi shing, a vessel monitoring system and permit 
limits.

The US has proclaimed the creation of a marine national monument in the NWHI that 
accords nearly 140 000 square miles of the NW Hawaiian Islands, the Nation’s highest 
form of marine environmental protection. (http://www.hawaiireef.noaa.gov/pdfs/nwhi_
factsheet.pdf).

The Seychelles

The Republic of Seychelles comprises 115 widely scattered islands of which 41 are 
composed of granites and 74 of coralline, extending between 3–10º and 45–58ºE in the 
Western Indian Ocean (Fig. 16.8). Total land area is approximately 443 km2 with an EEZ 
of 1 374 000 km2. Only 3.5% (48 019 km2) of the EEZ is shallower than 200 m (see Metz, 
1995), the rest is over of 1000–1500 m.

Description of the fi sheries

The fi sheries sector is divided into two distinct categories: traditional fi shing by a domes-
tic fl eet of some 400 vessels and industrial tuna fi shing by foreign vessels, which began to 
develop in the mid-1970s and has emerged as a major revenue source. Ninety per cent of 
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the artisanal fl eet consists of open deck boats or small cabin fi breglass boats under 12 m 
equipped with inboard or outboard engines (15–40 hp), operating within a radius of 50 km 
of the main islands. A small component of the artisanal fl eet, partially decked whalers 
and schooner vessels, catches deep water species up to 100 km from shore, with fi shing 
trips lasting an average of 8 days. Some domestic offshore operations on banks surround-
ing the Mahé group and the Amirantes Islands are conducted with handlines from larger 
boats. Most of the catch is frozen (Mees, 1989; Metz, 1995).

The artisanal fi shery is highly seasonal, being intense during the inter-tropical mon-
soon periods of March–May and October–November, when sea conditions are favourable 
to fi shing. Until the introduction of the schooner vessels in 1974, the fl eet was restricted 
to the near shore fi shing grounds on Mahé Plateau. Most of the areas around the coralline 
islands and atolls are still underexploited (Robinson and Shroff, 2004).

The artisanal fi shery targets demersal or semi-demersal species of which the most 
important are trevally (Carangoides spp., 30%); red snapper (Lutjanus spp., 13%); jobfi sh
(Aprion virescens, 18%); emperors (Lethrinus spp., 8%); groupers (Epinephelus spp., 4%);
rabbitfi sh (Siganus spp., 4%) and mackerel (Rastrelliger spp., 2%). The most important 
fi shing technique, which accounts for 60% of the landings, is hook and line for pelagics 
and demersal, followed by trap fi shing (30%) which is mainly for reef-associated species, 
and nets (10%). The dropline technique, which was introduced in the early 1990s, targets 
deep water snapper (Pristipomoides spp.) at the edge of the Mahé Plateau (FAO, 2001).

Fig. 16.8 Map of the Seychelles showing the EEZ (data source from ESRI Data and Maps [CD-ROM], 2005; 
http://www.brocku.ca/maplibrary/digital/ESRIdata2005.htm).
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Fisheries for deepwater resources (Etelis coruscans and E. carbunculus, as well as 
Beryx splendens and B. dacadactylus) are underdeveloped, largely because they are inac-
cessible to artisanal fi sheries, due to distance from the coast and lack of adequate technol-
ogy to fi sh at deeper waters.

A small-scale longline fl eet (12–18 m), targeting tunas and swordfi sh for the fresh fi sh 
market, has operated in the oceanic waters since 1995. An export trade market from local 
catches developed after the opening of the international airport made it possible to deliver 
fresh fi sh to Europe and other markets. The offshore fi shery consists of an international 
industrial tuna fi shery from purse seiners which are mainly from Spain and France, and 
longliners from Taiwan and South Korea. This is a highly migratory fi shery, with vessels 
following the fi sh all over the western Indian Ocean. The majority of the catches are tran-
shipped to reefer vessels destined for Europe and Puerto Rico (Anon, 2002).

Landings

The main resources are tropical tuna species, skipjack, yellowfi n and bigeye, fi shed by 
a fl eet of industrial vessels since 1984 (Fig. 16.9). Before 1984, tuna has been caught in
very small quantities in the Seychelles. Two years later this had changed dramatically, with

approximately 50 foreign purse seiners licensed in the Seychelles. Port Victoria became 
the most important tuna transhipping port in the Indian Ocean, accounting for more than 
80% of the total transshipment for the SW Indian Ocean. Fishing has become the second 
biggest economic earner, after tourism. A canning factory built in the early 1990s, has 
grown to process 400 t of tuna/day and employs about 1800 workers.

By contrast, although the local artisanal fl eet has increased in size and has been mod-
ernized, with the introduction of new fi shing techniques, the total catch stabilized around 
4500 t during the last two decades (Robinson and Shroff, 2004; Fig. 16.9). The artisanal 
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catch composition has not changed signifi cantly since 1985 with catches dominated by the 
pelagic carangids, trevally and bludger (Carangoides gymnostethus), followed by demer-
sal and bottom species groups like snappers, emperors and groupers.

Landings from Seychelles fi sheries stabilized because of the fragile nature of the 
resources, with certain demersal species currently threatened with overexploitation. In the 
last few years, management plans have been drawn up, with closed seasons, restricted 
zones, protected areas, banning of certain gear such as gill nets for sharks and quotas for 
mother ships working the area. These have helped to stabilize the fi shery and avoid over-
exploitation whilst meeting the local requirement for fi sh protein, and permitting around 
700  of fi sh to be exported. There is limited scope for large-scale expansion of this fi shery, 
mainly due to variable weather conditions and the fragile nature of the stocks of long-
lived species such as groupers (Serranidae) and snappers (Lutjanidae).

Management and state of the fi sheries

Coastal resources in Seychelles are managed by the Seychelles Fishing Authority (SFA). 
Tunas and tuna-like species are managed under the Indian Ocean Tuna Commission 
(IOTC), a statutory body of the United Nations Food and Agriculture Organization (FAO). 
The coastal demersal fi sheries are considered to be overexploited whilst unexploited 
potential still exists on the outer Mahé Plateau and Banks off the southern island groups. 
As a consequence, the expansion of the artisanal fi shery is limited to the offshore areas, 
but fi shing pressure on the inshore resources continues (Robinson and Shroff, 2004).

Technical measures implemented or proposed to avoid overexploitation include:

• A ban on demersal trawling in Seychelles waters.

• Introduction of protected areas inside reefs, where fi shing is regulated and net fi shing 
prohibited.

• Prohibiting the use of nets for shark fi shing.

• Introduction of a closed season for lobster with only a 3-month annual fi shing period 
allowed.

• Restriction on the mesh sizes of traps and the length of gill nets for mackerel fi shing.

• Requirements that all fi shing vessels and nets must be licensed and marked with a seal 
and a licence number.

• Special fi shing reserves have been introduced on some of the islands in addition to 
several marine parks around the granitic island.

• Restricted zones for the artisanal fi shery on all plateau areas (the Mahé and Amirantes 
plateaus) and within 22 km of any island.

• Introduction of Vessel Monitoring Systems to allow for better control of the foreign 
industrial fl eets.

Some special cases

This section deals with fi sheries from areas that, while mostly of low seamount density, 
are specially interesting from a social perspective, as in the fi shery for black scabbardfi sh 
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in Madeira; a cultural standpoint, as in Canada’s Bowie Seamount; or simply as an histori-
cal piece of information, as in the Polynesian oil fi shery. These are not intended as case 
studies for small-scale fi sheries on seamounts. Rather, they are simply intended to repre-
sent unique cases, mostly dealing with artisanal fi sheries which occur (red) in seamount 
areas irrespective of the density of seamounts.

The black scabbardfi sh fi shery in Madeira

The black scabbardfi sh is a benthopelagic fi sh, belonging to the Trichiuridae family, with 
an extremely elongate and compressed body, living over continental slopes or underwa-
ter rises at about 200–1600 m deep (Parin, 1986). The fi shery of this species in Madeira 
dates back to the mid-seventeenth century when Tomás (1635) refers to scabbardfi sh in 
his poem ‘A Insulana’. It was not until two centuries later that the naturalist Lowe (1843), 
who lived in Madeira for 50 years, fi rst described this species. Due to its fi ne fl avour, the 
fi shery rapidly expanded, particularly in Câmara de Lobos village, the major centre for 
this fi shery since the 1920s.

Black scabbardfi sh landings data show three distinct periods of the history of the fi shery
starting in the late 1930s (Fig. 16.10). The fi rst period with landings between 500 and 2000 t
ended in the mid-1980s with a value rising steeply over the last decade. The second period 

was characterized by a steady increase in the volume of fi sh landed, achieving almost 
4500 t in the late 1990s. This period was followed by an increase in the value of the fi sh-
ery. The last period, although still short (1998–2004), shows a steady decline in the vol-
ume of black scabbardfi sh landed in Madeira, at least partially compensated for by the 
high value of the fi shery (Fig. 16.10).

The 1980s in Madeira saw a change from vertical lines to horizontal drifting longline 
fi shing (Fernandes, 1984; Reis et al., 2001). This, together with the general improvements
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in fi shing boats and equipment, are considered to be the major reasons for the steep 
increase in landings. In the beginning of the 1980s, there were more than 100 boats spe-
cializing in this type of fi shing, most of them under 6 m. Nowadays, there is a fl eet of 
some 40 boats fi shing for the black scabbardfi sh, with most of them between 10 and 13 m 
and a crew of 9 people (Reis et al., 2001).

Pacifi c oil fi shery

Another important deep water seamount fi shery, specially in the South Pacifi c, is the
Oilfi sh (Ruvettus pretiosus) fi shery that was carried out traditionally throughout Polynesia.
The Oilfi sh belongs to the Gempylidae family which can move between the demersal, 
bathypelagic, mesopelagic and even the pelagic zones (Merrett and Haedrich, 1997). 
This rather opportunistic distribution concurs with its behaviour, as a top predator a role 
characterized by large teeth, fi rm musculature and fast swimming speed. This fi shery, 
commonly referred to as the Pacifi c oil fi shery, is among the oldest deep sea fi sheries 
worldwide and the species concentrate near oceanic islands of volcanic origin, precisely 
where seamounts seem to concentrate (see Fig. 16.1).

Traditional fi shing for Ruvettus in Polynesia is described by Gudger (1927), and dis-
cussed by Merrett and Haedrich (1997). Fishing takes place at depths between 150 and 
750 m, using wooden hooks often arranged into gangs of a small number of hooks, around 
20–36 cm long, frequently baited with fl ying fi sh (Exocoetidae family) and weighted by a 
1.3–2.3 kg sinker, which is usually a rock.

Canada’s Bowie Seamount

The Bowie Seamount Area lies in the vicinity of three Pacifi c Fisheries Management subar-
eas. The Bowie, Hodgkins and Davidson seamounts lie to the south, in one of these subareas
(Fig. 16.11). The Bowie Seamount Area lies within the traditional territory claimed by 
the Haida Aboriginal people (Canessa et al., 2003). In March 2002, the Haida Nation 
commenced a court action in which they claim aboriginal title to Haida Gwaii (Queen 
Charlotte Islands) and the surrounding waters and seabed out to the 200 mile EEZ. Their 
claim thus includes the Bowie Seamount Area.

Further consultation between governments is required to determine the signifi cance 
of the Bowie Seamount Area to the Haida and to discuss implications of managing the 
seamount as an MPA. Other than its signifi cance to the Haida, there are no other known 
historical or cultural values associated with the Bowie Seamount (Canessa et al., 2003).

Despite the relatively high biomass and biodiversity, seamounts such as the Bowie 
Seamount can represent delicate and isolated ecosystems making them susceptible 
to human pressures. In an effort to understand the extent to which even limited fi shing 
activities affect fi sh stocks and other ecosystem components and to implement appropri-
ate fi shery management measures, seamount fi sheries have generally been managed as 
experimental (Canessa et al., 2003).

The Bowie Seamount Area lies in the northern offshore seamount management area 
and has been fi shed by the Canadian fl eet since 1985 (Murie et al., 1996). Fisheries in the 
Bowie Seamount Area have primarily existed on a limited basis for groundfi sh such as 
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rockfi sh (Sebastes spp.), sablefi sh (Anoplopoma fi mbria), Pacifi c halibut (Hippoglossus 
stenolepis) and some migratory species such as albacore tuna (Thunnus alalunga; DFO, 
1997). Test fi shing for fl ying squid (Ommastrephes bartrami) has also taken place in the 
Area (DFO, 1998). Gear types used at the seamounts comprise bottom trawl, jig, longline 
and traps.

The cumulative catch of sablefi sh at Bowie Seamount over the period 1987–2000 was 
approximately 1450 t, with an average annual catch over the period of approximately 100 t 
(see Canessa et al., 2003). Since 1990, nine vessels have fi shed at Bowie Seamount for 
sablefi sh executing approximately 45 commercial fi shing trips. Records of the number of 
traps set at Bowie Seamount between 1987 and 2001 show that the depths ranged from 
242 to 1326 m (mean depth between 1995 and 2000 was approximately 860 m (Canessa 
et al., 2003). The CPUE (catch per unit effort) was signifi cantly greater in 1988 than in 
1989, and decreased considerably in 1993 suggesting that the population of sablefi sh on 
Bowie Seamount was not sustainable at current fi shing levels (Murie et al., 1996).

Rockfi shes (Sebastes spp.), a group where rougheye rockfi sh (S. aleutianus) formed 
90% of the catch, includes at least 10 other species, all of which were taken incidentally in 
the sablefi sh fi shery until 1992, when a directed fi shery was permitted on the seamounts. 
Coincident with the decline of the sablefi sh fi shery, the rockfi sh fi shery expanded focus-
ing exclusively on Bowie Seamount. Cumulative rockfi sh catch between 1993 and 2000 
was 1430 t with an average of 130 t year). The target depth was 200–550 m (Canessa 
et al., 2003). There is no specifi c management plan for the seamount rockfi sh fi shery and 

Fig. 16.11 Pacifi c Fisheries Management Subareas, in the vicinity of the Bowie Seamount Area (data source 
from: ESRI Data and Maps [CD-ROM], 2005; http://www.brocku.ca/maplibrary/digital/ESRIdata2005.htm).
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the scientifi c permit for the rockfi sh fi shery for seamounts was closed after the 1999 sea-
son, except as bycatch.

Halibut fi shing in the Bowie Seamount Area has been conducted since approximately 
the 1950s. Between 1984 and 1992 there were only fi ve boat landings of fi sh caught from 
Bowie Seamount, for a total weight of just under 63 t (Canessa et al., 2003). Halibut fi sh-
ing techniques include bottom trawls and longline sets.

Discussion

One major shortcoming of the present analysis concerns the defi nition of seamount 
catches. What characterizes a small-scale fi shery is clear, but a seamount fi shery is less 
well defi ned. A narrow interpretation of the word ‘seamount’ would have made the alloca-
tion of corresponding catches impossible in the form presented in this chapter. The only 
way to proceed was to identify areas of high seamount density. It was then assumed that 
fi sheries in that area involved taking some fi sh from over seamounts. For the fi sheries to 
qualify as small scale, the seamounts in an area had to be near the coast of the regions 
identifi ed.

Separating seamount ecosystems from coral reef ecosystems was diffi cult in the Pacifi c.
Some Pacifi c islands have bigger catches from coral reefs than from seamounts, even 
though seamounts exist at signifi cant densities. Islands in this group had to be excluded 
from the analyses, contributing to the conservative nature of the global estimates of small-
scale seamount catches.

Froese and Sampang (2004) argue that the closeness of the relationship a species has 
with a seamount is the defi ning criterion (i.e., that only demersal species truly belong 
to seamounts). Should it be the case then that only such permanent residents should be 
included in seamount catches? We contend that temporary visitors, when mostly caught 
in aggregations over seamounts; form part of seamount catches. Tuna, even though they 
are mainly migratory, certainly aggregate over seamounts (Fonteneau, 1991). Tuna taken 
over a seamount are part of the seamount catch, irrespective of how a seamount species is 
defi ned.

The same argument applies to deep sea species. In this case, however, the nature of 
the species depends on its bathymetric distribution. A seamount that comes close to the 
surface, or emerges from it to form an island, will necessarily be occupied by shelf spe-
cies, which once caught become seamount shelf catches. Because most of the fi sheries 
described in this chapter are small scale, the non-pelagic species included in the analysis 
are all shelf seamount species.

A rough estimate of 150 000–250 000 t of fi sh caught worldwide from small-scale 
fi sheries on seamounts was estimated this way, half of it represented by tuna. This fi g-
ure should be considered conservative as there may be unreported catches in some of the 
studied areas, and many islands, such as in the Western Central Pacifi c, contained very 
high densities of seamounts, but where it was impossible to separate demersal fi sh caught 
over seamounts from those caught over coral reefs, which were extensive.

Seamount ecosystems seem to exhibit fragile equilibria within groups of species. Diversity
tends to be high, consequently species abundance tends to be low, at least locally. Many 
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seamount species, especially deep sea fi sh, are k-strategists, therefore long lived and with
low fecundity. All this adds to the fragility of these ecosystems to exploitation. Nonethe-
less, small-scale fi sheries have existed for centuries in many oceanic islands situated over 
seamount regions, making a strong case for their long-term sustainability compared to 
industrial fi sheries. In many places, small-scale and industrial fi sheries coexist, making it 
more diffi cult to relate decreasing catch rates in certain areas to the joint effects of both 
types of fi sheries.

Small-scale seamount fi sheries are very important to local island communities. One 
way to assess this importance is simply to divide the volume of estimated catch by the 
overall population of those islands and to compare it with the world catch per capita. This 
exercise leads to roughly 37 kg per capita of fi sh caught from seamounts only compared to 
13 kg of marine fi sh caught per capita worldwide from all sources. Notice, however, that 
other small-scale fi sheries, not included in the 37 kg, add to the overall socio-economic 
impact of fi sheries in the island nations exploiting seamounts. The relative isolation of 
many of these islands makes the product of these catches a major source of protein to 
local population.

In conclusion, there is a strong case for changing TAC and quota management systems. 
Favourable consideration should be given to allocations to communities that are strongly 
dependent on small-scale fi sheries and have proved through time to be capable of exploit-
ing fi sh resources in a sustainable way. Application of TAC and quota-based management 
systems to large-scale commercial or distant water fl eets rewards those responsible for 
overexploitation and does not take into account the low impact and great dependence of 
many island communities on those fi sheries. One possibility is to weigh positively the 
quota of those closer to the fi sh resources and, consequently, largely dependent on those 
fi sh stocks. This would accord with the ‘adjacency’ principle of giving greater access and 
management responsibility to those closer to the fi sh resources per sections 6.18, 7.2.2c 
and 12.12 of the Code of Conduct for Responsible Fishing (FAO, 1995). The only way 
to recover from successive management mistakes and succeed in fi sheries management 
worldwide is to reward responsible fi shing and make those irresponsible pay.
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Chapter 17

Large-scale distant-water trawl fi sheries 
on seamounts
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Abstract

Seamounts support a large number and wide diversity of fi sh species. A number of 
these species can form aggregations for spawning or feeding, and are the target of large-
scale trawl fi sheries. Since the 1970s, seamounts throughout the world’s oceans have 
been explored for commercial resources, starting with the Soviet Union and Japan which 
deployed distant-water fl eets around the world. Since then, a large number of other countries 
have pursued fi sheries on seamounts, especially in deepwater. Historical data on seamount 
trawl fi sheries throughout the world’s oceans are summarized here together with some 
information on line and pot fi sheries. In particular, detailed information is compiled from 
the activities of the former Soviet Union. The results indicate that the total cumulative 
catch from seamount trawl fi sheries likely exceeds 2.25 million tonnes. Catch information 
is presented by region, and individual seamount or seamount group where possible. These 
histories show that the long-term prospect for large-scale commercial exploitation of fi sh 
and invertebrate resources on seamounts is not encouraging.

Introduction

Seamounts support a large number and wide diversity of fi sh species. A total of almost 
800 species have been recorded from seamounts (see Chapter 9; Morato and Pauly, 2004; 
Morato et al., 2006). Most of these also occur widely on continental shelf and slope habitat, 
but seamounts can be an important habitat for commercially valuable species which may 
form dense aggregations for spawning or feeding (Clark, 2001), and on which a number of 
large-scale fi sheries have developed.

Intensive searching for fi sheries resources on seamounts around the world’s oceans 
was initiated by the former Soviet Union in the late 1960s and 1970s. Over that period, 
searches for new fi sheries were systematically conducted by offshore trawler fl eets 
(Fig. 17.1) in the Atlantic, Pacifi c, and Indian oceans. Seamounts with concentrations of 
fi sh and invertebrates were found, and commercial fi sheries developed in a number of 
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areas (Fig. 17.2). The fi rst major fi sheries to be exploited were those of pelagic armour-
head (Pseudopentaceros wheeleri) in the Pacifi c ocean, where catches by the USSR and 
Japanese distant-water fl eets rapidly grew. This was followed by the development of fi sh-
eries in other parts of the Atlantic and Indian oceans, and established offshore seamounts 
as important targets for global fi sheries. In subsequent decades, other countries such as 
South Korea, and later China, Cuba, the European Union, Norway, Iceland, Faroe Islands, 
New Zealand, Australia, and Southern African countries, also developed fi sheries on 
seamounts.

Deepwater trawl fi sheries occur widely for a number of species. These include 
alfonsino (Beryx splendens), black cardinalfi sh (Epigonus telescopus), orange roughy 
(Hoplostethus atlanticus), southern boarfi sh (P. richardsoni), macrourid rattails (primarily 
roundnose grenadier Coryphaenoides rupestris), and oreos (several species of the family 
Oreosomatidae, including smooth oreo Pseudocyttus maculatus and black oreo Allocyttus

Fig. 17.1 A Soviet ‘BMRT’ class trawler, about 80 m long and 2000 GRT, typical of those that explored seamount 
resources throughout the world’s oceans in the 1970–1980s (photo Neil Bagley, NIWA).

Fig. 17.2 World map showing the distribution of the main seamount and ridge features and fi shing grounds 
referred to in this chapter.
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niger). Other fi sheries occur over seamounts, such as those for pelagic species (mainly 
tunas), near-bottom fi shing for mackerels, and for smaller-scale line fi sheries (e.g., black 
scabbardfi sh Aphanopus carbo).

Many of these fi sheries have not been sustainably fi shed or managed. A number have 
shown a ‘boom-and-bust’ pattern, with catches rapidly developing and declining within 
a decade (e.g., Uchida and Tagami, 1984; Koslow et al., 2000; Clark, 2001; 2002a). This 
has raised concerns over whether such fi sheries can continue (e.g., Roberts, 2002; Gianni, 
2004; Stone et al., 2004).

This chapter summarizes available historical data on seamount trawl fi sheries through-
out the world’s oceans, together with some information on line and pot fi sheries, and 
draws conclusions from the patterns in these fi sheries about long-term prospects for 
large-scale commercial exploitation of fi sh and invertebrate resources on seamounts. This 
complements the account in Chapter 16 of small-scale artisinal seamount fi sheries, and 
combines with it some information on tuna fi sheries on seamounts.

Data sources

Catch summaries have been compiled from a range of publications, fi sheries statistics, 
and data of Soviet, Russian, and Ukrainian scientifi c research and exploratory cruises. 
Published reports have provided good information for some seamount areas on fi sheries 
conducted by Japan, New Zealand, Australia, Spain, other EU countries, and Namibia, 
while personal contacts and data extracted by the authors have been used in some cases to 
provide ‘guestimates’ of likely species composition and catch for some seamount regions. 
Food and Agriculture Organization (FAO) catch statistics were also examined for some 
areas as a general check on whether catches ascribed to seamounts appeared reasonable, 
or where no other sources were available. The report by Gianni (2004) on high seas (areas 
outside of national jurisdiction) fi shing in general (not just seamounts) was examined for 
some areas where much of the high seas catch was thought to be from seamounts. We 
have focused on bottom trawl fi sheries, but have also included comments on midwater 
trawl, line, and pot fi sheries where good data on seamount fi sheries are available.

The catch fi gures are known to be incomplete. There has often been little or no reporting 
of high seas catches, or misreporting of location if commercially sensitive. We have been 
unable to source recent Japanese, Chinese, and Korean catches on seamounts. Some catch 
fi gures are known to include fi sh taken from areas of adjacent slope, but a split has not been 
possible. There is also, at times, a variety of fi shing years (not calendar year) used by differ-
ent countries, and it has not been practical to try and resolve these issues. Even so, the com-
pilation is the most comprehensive attempted to date for seamount fi sheries, and at the very 
least gives a reasonable indication of general catch levels in seamount trawl fi sheries.

Global overview of seamount fi sheries

Seamount fi sheries have taken place on a large number of seamounts throughout the 
world’s oceans. These are prominent in the Pacifi c Ocean, but also in the southern Indian 
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Ocean, Mid-Atlantic Ridge (MAR) in the North Atlantic, and off the African coast in the 
South Atlantic (Fig. 17.3). The main species are listed in Table 17.1.

Table 17.1 Common names and scientifi c names of the main commercial fi sh species on seamounts, and the 
depth range commonly fi shed.

Species and code Scientifi c name Main depth
  range (m)

Alfonsino Beryx splendens 300–600
Black cardinalfi sh Epigonus telescopus 500–800
Rubyfi sh Plagiogenion rubiginosum 250–450
Black scabbardfi sh Aphanopus carbo 600–800
Redbait Emmelichthys nitidus 200–400
Sablefi sh Anoplopoma fi mbria 500–1000
Pink maomao Caprodon spp. 300–450
Southern boarfi sh Pseudopentaceros richardsoni 600–900
Pelagic armourhead Pseudopentaceros wheeleri 250–600
Orange roughy Hoplostethus atlanticus 600–1200
Oreos Pseudocyttus maculatus, Allocyttus niger 600–1200
Bluenose Hyperoglyphe antarctica 300–700
Redfi sh Sebastes spp. (S. marinus, S. mentella, S. proriger) 400–800
Roundnose grenadier Coryphaenoides rupestris 800–1000
Toothfi sh Dissostichus spp. 500–1500
Notothenid cods Notothenia spp. 200–600

Fig. 17.3 World map showing location of known (incomplete) seamount fi shing operations (yellow circles rep-
resent a 1 degree square).

The largest seamount trawl fi sheries have occurred in the Pacifi c Ocean. In the 1960s–
1980s large-scale fi sheries for pelagic armourhead and alfonsino occurred on the Hawaiian 
and Emperor Seamount chains in the North Pacifi c (Fig. 17.4). In total about 800 000 t of 
pelagic armourhead was taken and about 80 000 t of alfonsino. In the southwest Pacifi c, 
fi sheries for orange roughy, oreos, and alfonsino have been large, and continue to be 
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locally important. Orange roughy has also been the target of fi sheries on seamounts on the 
MAR in the North Atlantic, off the west coast of southern Africa, and in the SW Indian 
Ocean. Roundnose grenadier was an important fi shery for the Soviet Union in the North 
Atlantic, where catches have been over 200 000 t. Smaller fi sheries for alfonsino, mackerel, 
and cardinalfi sh have occurred on various seamounts in the Mid-Atlantic and off the coast 
of North Africa. In the Southern Ocean, fi sheries for toothfi sh, notothenids, and icefi sh can 
occur on seamounts as well as slope and bank areas. Most of these seamounts are fi shed 
with bottom trawls, but several are also subject to midwater trawl and longline fi sheries.

In total, the international catch of demersal fi shes on seamounts by distant-water fi shing 
fl eets is estimated to be over 2.25 million tonnes of fi sh since the 1960s (Table 17.2, and 
compare estimates in Chapter 18).

Table 17.2 Summary of total estimated catch (t) of main commercial species from seamounts, major fi shing 
periods, and main gear types used in the seamount fi sheries. Species codes are used in Fig. 17.4.

Species Total historical Main fi shery Gear type
 catch (t) years

Alfonsino (BYX) 166 950 1977 to present Bottom and midwater trawl, some longline
Orange roughy (ORH) 500 700 1978 to present Bottom trawl
Oreos (OEO) 146 500 1970 to present Bottom trawl
Cardinalfi sh (CDL)  52 100 1978 to present Bottom (and midwater trawl)
Redfi sh (RED)  54 450 1996 to present Bottom and midwater trawl
Southern boarfi sh   9600 1982 to present Bottom trawl
Pelagic armourhead 803 400 1968–1982 Bottom and midwater trawl (ARM)
Mackerel species (MAC) 148 200 1970–1995 (Bottom) and midwater trawl
Roundnose grenadier  232 400 1974 to present Bottom and midwater trawl
(RNG)
Blue ling  17 000 1979–1980 Bottom trawl

(Continued )

Fig. 17.4 Relative size of historical seamount fi sheries. Data are gridded by 1 degree squares. Circle size is pro-
portional to total catch for that grid square, maximum is 85 000 t (see Table 17.2 for codes to the fi sh species).
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Seamount fi sheries of the Pacifi c Ocean

The Pacifi c Ocean contains a large number of seamounts, perhaps as many as 30 000 (see 
Chapters 1 and 2; Wessel, 2001), with many on the Pacifi c tectonic plate. It is not there-
fore surprising that large-scale offshore seamount fi sheries fi rst developed in the Pacifi c, as 
Soviet and Japanese trawling fl eets began to explore wide areas in the 1960s (Table 17.3).

Table 17.2 Continued

Species Total historical Main fi shery Gear type
 catch (t) years

Scabbard fi sh   75 000 1973–2002 Bottom and midwater trawl
Sablefi sh (SAB)    1400 1995 to present (Bottom trawl), line
Bluenose    2500 1990 to present Bottom and midwater trawl
Rubyfi sh    1500 1995 to present Bottom and midwater trawl
Pink maomao    2000 1972–1976 Bottom and midwater trawl
Notothenid cods (NOT)   36 250 1974–1991 Bottom trawl
Toothfi sh (PTO)   12 250 1990 to present Bottom trawl, longline
Total 2 262 200

Table 17.3 Summary data on seamount fi sheries in the Pacifi c Ocean.

Area Species Year  Total catch Maximum annual
  fi shery (t) catch (t)
  started

Hawaiian and  Pseudopentaceros wheeleri 1968 800 000 178 300
Emperor Ridges Beryx splendens 1970  80 000  31 000

Northeast Pacifi c Sebastes spp. 1978    2000 
seamounts Anoplopoma fi mbria

Trachurus symmetricus
Lithodes spp.
Chionoecetes tanneri

Kyusmu-Palau Beryx splendens, 1970    600
Ridge Emmelichthys sruhsakeri

Geracl Ridge Epigonus denticulatus 1972  11 100   8800

Norfolk Ridge Caprodon longimanus 1974   2000   1000
Beryx splendens 1980   1300    500
Hoplostethus atlanticus 2000   1800   1000

Lord Howe Ridge  Hoplostethus atlanticus 1988  13 600   2400
Beryx splendens

Louisville Ridge Epigonus spp. 1977  12 000  12 000
Beryx splendens 1990
Hoplostethus atlanticus 1994  37 200  11 300

 Oreos (Allocyttus niger, 1996   2300   1000
Pseudocyttus maculatus)

New Zealand Plateau Hoplostethus atlanticus 1979 192 100  18 000
 Oreos (Allocyttus niger, 1978 130 000  11 000

Pseudocyttus maculatus)
Beryx splendens 1984   7800    800
Epigonus telescopus 1989  18 000   2300

(Continued)
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North Pacifi c fi sheries

Emperor and Hawaiian Ridges

The Emperor Seamount chain and seamounts of the northern Hawaiian Ridge, north-
west of the Hawaiian Islands, comprise numerous features between latitudes 52–20�N, 
and longitudes 165�E–155�W. There are 18 known seamounts outside the Hawaiian EEZ 
(Exclusive Economic Zone) with summit depths less than 1000 m.

Pelagic armourhead was not well known as a commercial species until 1967, when Soviet 
trawlers discovered large aggregations on seamounts in the southern Emperor Seamount 
chain (Borets, 1975, 1979). The armourhead aggregates over these seamounts to spawn dur-
ing the last years of their lives, and heavy fi shing by the Soviet fl eet caught up to 130 000 t 
of armourhead a year in the early stages of the fi shery (see Table 17.4). Most catches 

Table 17.3 Continued

Area Species Year  Total catch Maximum annual
  fi shery (t) catch (t)
  started

Tasmanian seamounts Hoplostethus atlanticus 1985 196 400 58 600
 Oreos (Pseudocyttus maculatus, 1989   7500  2000

Neocyttus rhomboidalis)

South Tasman Rise Hoplostethus atlanticus 1998   10 900  4100
 Oreos (P. maculatus, N. rhomboidalis) 1994    3800  1600

Nazca and Sala-y- Emmelichthys spp., Trachurus  1978    7200  5100
Gomez Ridges murphyi 
 Beryx splendens

Projasus parkeri 1980    1000  1000

Chilean Rise Hoplostethus atlanticus 1999    8200  1900

Table 17.4 Catch (t) of the main species caught by USSR and Japanese trawlers on the Emperor Seamounts and 
northern Hawaiian Ridge, 1968–1982 (Japanese fi gures from Sasaki, 1986).

Year Pelagic armourhead Alfonsino Others Total

 USSR Japan USSR* Japan USSR Japan

1968  46 330      46 330
1969 144 916   7410     45      1 152 372
1970 136 206  26 262    600     75 163 143
1971   3178   5546     68    164   8956
1972  79 287  34 826  5985    81    234 120 413
1973 149 919  28 355 31 045    12    191 209 522
1974  19 882  26 284      999  47 165
1975  28 780  21 746  1428    1096  53 050
1976   6910  24 829   220  1726   4535  38 220
1977    603   3448   327  1941    424   6743
1978     875   1645    895   3415
1979     499   5383    975   6857
1980    1837   130  8632 2259  3198  16 056
1981     29   1211   135  7916 4798  1991  16 080
1982     10    524   819  8582  176   763  10 874
1983       
1984       6   456     462
Total 616 020 183 652 40 095 36 631 7689 15 541 899 658

*Includes mirror perch, bigeye, and some other species.
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were taken on Kimmei, Milwaukee, Colahan, and Hancock seamounts. These have summit 
depths between 200 and 400 m, with most fi shing occurring between 300 and 600 m on the 
peaks and upper fl anks. USSR surveys estimated early stock size at between 240 000 and 
350 000 t (Borets, 1979; Kulikov and Darnitsky, 1992). Large Japanese trawlers joined the 
fi shery in 1969, and combined catches of the two fl eets exceeded 200 000 t in 1973, before 
starting to drop rapidly. By 1982, the fi shery had ceased because of a lack of aggregations. 
In subsequent years, the seamounts were often surveyed by USSR exploratory and fi shing 
vessels, but no concentrations of armourhead were found, and catch rates were generally 
only 100–150 kg/haul. Some limited Japanese fi shing is thought to occur periodically.

When armourhead catches started to drop dramatically from 1976, the Japanese fl eet 
then shifted its focus to alfonsino (Sasaki, 1986). Alfonsino catches were sometimes large, 
and taken by both longline and midwater trawl. The Japanese longline and handline fi sh-
ery for alfonsino started in 1973 at Milwaukee Seamount. Vessels from Korea and Taiwan 
also worked the area later. Catches are not well known, but in 1975 the Japanese hook 
and line vessels caught 4000 t of groundfi sh (Seki and Tagami, 1986). The fi shery stopped 
after the US EEZ was declared in 1977.

In addition to armourhead and alfonsino, several other deep-sea fi shes were of com-
mercial importance in the area, including mirror perch/dory (Zenopsis nebulosus) and 
broad alfonsino (B. decadactylus) which were at times subject to target fi sheries. Catches 
by the USSR fl eet were high in some years, reaching several thousand tonnes (Table 
17.3). Pearlside (Maurolicus muelleri) and mackerel (Scomber japonicus) were targets of 
a midwater trawl fi shery between 1979 and 1982. Several thousand tonnes were caught, 
but neither fi shery continued beyond this date (Belyaev, 2003).

The Emperor Seamounts were also subject to a Japanese pole-and-line fi shery for alba-
core tuna (Thunnus alalunga) from 1970 into the 1980s. Annual catches between 1970 
and 1983 were often 10 000–20 000 t (Yasui, 1986). Extensive tuna fi sheries occur around 
the Hawaiian Islands (see Chapter 10A), including Cross Seamount to the south. Bigeye 
(T. obesus) and yellowfi n (T. albacares) are caught, with catches around 500 t/year (Adam 
et al., 2003).

Fisheries for red coral (Corallium secundum) have occurred on the Emperor Seamount 
chain. A large bed of this coral at about 400 m was discovered by Japanese fi shers in 1965, 
and together with Taiwanese vessels the fi shery expanded to a peak of 150 t in 1969 (Grigg, 
1993). Most vessels in this fi shery used various types of tangle-net dredge. Catch levels 
dropped away until 1978 when a new species of Corallium was found in abundance at 
depths of 900–1500 m on other Emperor Seamounts. Over 100 coral boats were involved 
in this fi shery, with catches of almost 300 t in 1981. Fisheries have occurred on other 
seamounts in the area, such as Hancock seamount, but catches have generally been small.

Japanese exploratory surveys were also carried out on mid-central Pacifi c seamounts 
southwest of the Emperor Seamount chain. These seamounts are relatively deep, with 
summit depths of 1200–1500 m, and no commercially viable species or concentrations 
were located (Sasaki, 1986).

Northeast Pacifi c seamounts

There are a number of scattered offshore seamounts along the western coasts of Canada 
and the USA in the NE Pacifi c and Gulf of Alaska (Maloney, 2004). Exploration in this 
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region was pioneered in the 1970s by Soviet and Japanese exploratory research ves-
sels. A total of 26 seamounts with depths less than 1000 m were found and explored 
(Darnitsky et al., 2001), but catch rates were generally low, the main species being sable-
fi sh (Anoplopoma fi mbria) (Beck-Bulat et al., 1985). Similar results were obtained during 
Japanese research (Sasaki, 1986) where catches at Patton and Pratt Seamounts were domi-
nated by sablefi sh, with rougheye rockfi sh (Sebastes aleutianus) and shortspine thornyhead 
(Sebastolabus alascanus). King crabs (Paralithodes camtschaticus, P. platypus, Lithodes
aequispinus, and L. couesi), snow crab (Chionoecetes opilio), and tanner crabs (C. bairdi
and C. tanneri) occurred on eight of nine seamounts surveyed by the USA in the Gulf of 
Alaska (Hughes, 1981). Crab fi sheries have developed, although these operate mainly on 
the continental shelf and slope, or on the slope around offshore islands. Data on catches 
from seamounts are not available.

Fish concentrations were found by the Soviet investigations only on Cobb, Union, and 
Warwick (46–48�N, 130–133�W), and Fiberling seamounts (32–33�N, 127–128�W). On 
Cobb seamount the most abundant species were rockfi sh (Sebastes spp.), and on Fiberling 
seamount, California rattail (Nezumia stelgidolepis). Catches down to 150 m were dom-
inated by S. entomelas, and down to 300 m by S. borealis and big-eyed rockfi sh (S. zacen-
trus). Catch rates from pelagic trawling were 15–60 t/day, which were much higher than 
from bottom trawling (4–6 t/day). Catch rates by bottom trawl of redfi shes on Union 
seamount ranged between 3 and 15 t/tow. In midwater above the seamounts, concentra-
tions of jack mackerel (Trachurus symmetricus) were detected, with catches up to 40 t/
haul (Beck-Bulat et al., 1985). Catches of mackerel (S. japonicus) have also been taken. 
Russian activity ceased after the introduction of EEZs in 1978.

Japanese trawling on Cobb and Warwick seamounts for several species of rockfi sh 
(harlequin, S. variegates; red-stripe, S. proriger; rosethorn, S. helvomaculatus; and black, 
S. melanops) during 1978 and 1979 caused declines in catch and in the size of individual 
fi sh. Catch rates decreased from 2.6 to 0.7 t/h between the 2 years (Sasaki, 1986).

The catch from seamounts in the NE Pacifi c is poorly known. It is estimated that in 
the 1970–1980s on Cobb seamount the Soviet exploratory fl eet took about 2000 t. In this 
period, Japanese longliners also fi shed there with observations made of a daily catch of 
5–15 t of redfi shes. Longline vessels from other nations also fi shed occasionally. Trawl 
and acoustic surveys by the Soviet research vessels estimated the total biomass of red-
fi shes in this area to be about 20 000 t (Stepanenko et al., 2002; Vologdin, 2002; Kodolov 
and Darnitsky, 2004).

Small fi sheries have occurred on more inshore seamounts such as Bowie, off the west 
coast of Canada. Rockfi sh (Sebastes spp.), sablefi sh, Pacifi c halibut (Hippoglossus ste-
nolepis), and tuna have been fi shed. These line fi sheries have totalled about 1450 t for 
sablefi sh, 1430 t for rockfi sh, and 63 t for halibut (and unknown for tuna) (WWF, 2003). 
Exploratory trawling by Canadian vessels was undertaken in 1993 on Bowie, Union, and 
Cobb seamounts, and catches of Sebastes spp. were as high as 16 t in a 10-min tow (Stitt, 
1993).

Marcus-Necker Ridge and Magellan seamounts

The Marcus-Necker Ridge is southeast of Taiwan. About 20 seamounts with summit 
depths less than 1000 m are known. Magellan seamounts make up a large system in the 
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central part of the East-Marianas Deep with 15 peaks shallower than 1500 m (Darnitsky 
and Kodolov, 2004).

Soviet vessels explored the Marcus-Necker Ridge in 1979, 1983, and 1984, and the 
Magellan seamounts in 1984. No fi shable aggregations were found in either area. Catches 
were generally less than 100 kg/tow (Orlov, 1991; Darnitsky and Kodolov, 1997).

Kyushu-Palau and Bonin Ridges

Kyushu-Palau Ridge is a chain of seamounts extending from Kyushu Island to the NW 
extremity of New Guinea. Bonin Ridge is located in the western part of the Philippines 
Basin. A total of 25 seamounts were explored by Soviet vessels in the early 1970s 
between 24–30�N and 133–136�W (Borets and Kulikov, 1986). Most effort was directed 
at the Kyushu-Palau Ridge, where fi shable aggregations were found on four seamounts. 
On the Kita-Kocho and Minami-Kocho seamounts, catches consisted primarily of red-
bait (Emmelichthys nitidus) and ‘ruby’ fi sh (Erythrocles schlegeli). Alfonsino was the 
main commercial species on the other seamounts (Darnitsky et al., 2004; Kodolov and 
Darnitsky, 2004). Fish aggregations were highly variable. Periods with high catches (up 
to 10–20 t/tow) alternated with times of catches less than 0.1–0.2 t. Borets and Kulikov 
(1986) estimated yield for the ridge to be 5000–7000 t/year.

Detailed information about the activities of the Soviet/Russian fi shing fl eet on the 
Kyushu-Palau and Bonin Ridges are not available. Japanese and Taiwanese commercial 
vessels worked the area, but again no details are known (Kulikov and Kodolov, 1991).

South Pacifi c Fisheries

Norfolk Ridge

Exploratory fi shing by Soviet and Japanese vessels occurred in the mid-1970s on 
seamounts of the Norfolk Ridge which runs between New Zealand and New Caledonia. 
This ridge feature has a large number of peaks which rise to less than 1000 m below the 
surface, while towards New Caledonia there are more isolated seamounts and guyots.

Soviet exploratory vessels in the 1970s focused on the Wanganella Bank, where aggre-
gations consisted mainly of pink maomao (Caprodon longimanus) at depths of 100–250 m 
(Boldyrev et al., 1981; Boldyrev, 1986). The total catch taken by the exploratory vessels 
between 1972 and 1975 was about 1000 t. The stock of C. longimanus was estimated at 
25 000–50 000 t, with a possible yield of 5000–10 000 t/year (Borets and Kulikov, 1986). 
However, the Soviet fi shing fl eet did not operate there.

Japanese fi shing on the southern section of the Norfolk Ridge in 1976 caught a variety 
of species. Pink maomao was targeted by a commercial Japanese trawler in 1976, which 
caught 1000 t over 2 months. Catch per unit effort (CPUE) of the exploratory research 
vessel decreased from 1.7 to 0.2 t/h over the year (Sasaki, 1986).

In 1980 and 1986, Japanese and French vessels carried out exploratory bottom trawl-
ing between 220 and 690 m on the Norfolk Ridge and the Lord Howe Rise. Catches con-
sisted mainly of alfonsino, boarfi sh (P. richardsoni and P. japonicus), and ruby snapper 
(Etelis carbunculus and E. coruscans). The total catch by a Japanese vessel over 14 days 
was estimated at 140 t (Grandperrin and Richer de Forges, 1988).
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Five seamounts off New Caledonia, ranging in depth from 500 to 750 m at their summit, 
were fi shed by bottom longline between 1988 and 1991. Three vessels were allowed to fi sh 
inside the New Caledonian EEZ, although only one vessel operated at any given time. The 
main target was alfonsino, and this comprised 92% of the total catch over the period of 
1169 t (Lehodey et al., 1994; Lehodey and Grandperrin, 1996). Although an active research 
programme has been carried out in the EEZ, with a focus on deepwater species, no further 
commercial stocks have been found. The alfonsino fi shery has not resumed.

Fishing grounds for deepwater species developed in 2000 on the West Norfolk Ridge, 
which runs NW from the North Island of New Zealand both within and beyond the New 
Zealand EEZ. Most fi shing has occurred on six to seven seamounts or peaks of the ridge. 
The fi shery developed in 2000 within the New Zealand EEZ, and was followed a year 
later by vessels working the ridge in international waters. Annual catches of orange 
roughy from 2000 to 2004 ranged from 100 t to about 1000 t (Clark, 2004). Total catch 
over the period was 1800 t.

Lord Howe Rise

The Lord Howe Rise extends from the NW margin of the Challenger Plateau, off the west 
coast of New Zealand, out to Lord Howe Island in the western Tasman Sea. The ridge is 
mostly in international waters, although it does extend into both the Australian and New 
Zealand EEZs.

Soviet vessels exploring the Lord Howe Rise in the 1970s found high species diver-
sity and low abundance on the shallow Kelso and Keipl seamounts. The main commercial 
species there, and on the Argo, Nova, and Gifford Guyots was redbait, with catch rates 
up to several t/h at depths of 300–500 m. The total biomass of redbait on the ridge was 
estimated at 50 000–75 000 t (Borets and Kulikov, 1986; Polishchuk et al., 1989; Boldyrev 
and Darnitsky, 1991a). The catch taken by exploratory vessels amounted to about 100 t. 
Soviet commercial fi sheries did not develop.

A major fi shery for orange roughy developed on the main ridge top near the south-
eastern end of the Lord Howe Rise in 1988, when a Japanese commercial vessel dis-
covered spawning aggregations (Clark and Tilzey, 1996). The fi shery expanded rapidly 
as New Zealand, Australian, Korean, Russian, and Norwegian vessels joined. However, 
catches declined, and the fi shery then progressively shifted to small seamounts on the 
edges of the Northwest Challenger Plateau, and since the early 1990s has been carried out 
by only New Zealand and Australian fi shers. There are two main fi shing areas. The fi shing 
ground on the Lord Howe Rise itself is a broad platform, and not a seamount, although 
there are a number of very small pinnacles near the major grounds. Fishing areas on the 
NW margin of the Challenger Plateau have numerous small hills and seamount features 
(generally only several km2 in area, and 100–200 m elevation, see Fig. 17.5). Orange 
roughy catches on these seamounts have varied from 50 to 2400 t/year (based on data 
from Clark, 2004). The total estimated catch from 1988 to 2004 was 13 600 t. Catch rates 
have declined on seamounts from peak rates of 4 t/tow in 1996 to between 1 and 2 t/tow 
in the early 2000s (Clark, 2004). The bycatch in the fi shery is small, although some black 
cardinalfi sh (E. telescopus) have been taken, and bottom trawling directed at alfonsino 
has occurred on sections of the northern Lord Howe Rise.
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New Zealand Plateau

There are about 500 seamounts within the New Zealand EEZ (Rowden et al., 2005). 
These occur throughout the region, but are prominent along the tectonic plate boundary 
which runs NE–SW, and features the Kermadec and Colville Ridges to the north, and 
Macquarie Ridge to the south. There are also a large number of small seamounts on the 
edge of the slope of the Chatham Rise which runs due east from New Zealand. Fisheries 
occur on many of these seamounts for a number of commercial species (Table 17.5), 
including alfonsino, black cardinalfi sh, smooth oreo, black oreo, bluenose, rubyfi sh, and, 
especially, orange roughy (Fig. 17.6).

Fig. 17.5 The top and fl ank of a small seamount off New Zealand, seen on a fi shing vessel echo-sounder, showing 
a mark of orange roughy above the summit (photo Malcolm Clark, NIWA).
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Fig. 17.6 A catch of orange roughy on deck. A recent and valuable commercial species, the search for orange 
roughy has involved developing fi sheries on many seamounts around the world (photo Malcolm Clark, NIWA).

Table 17.5 Estimated catch (t) of deepwater species by New Zealand vessels from seamounts around New 
Zealand within the EEZ (1994	1993–1994 NZ fi shing year (October–September))

Year Orange  Oreos Black  Bluenose Rubyfi sh Alfonsino Total
 roughy  cardinalfi sh

1978      0      0          0
1979     52      0         52
1980    643    404       1048
1981   2325   3139       5463
1982    976   1409       2385
1983   1778    979       2757
1984   1173   1358       2531
1985   2557    791       3347
1986   2568   1388       3956
1987   1832    941       2773
1988   5808   1651       7460
1989   6593   2316       8909
1990   7137   4546   164   26   0  106  11 980
1991  11 451   7336   813   70   0  576  20 245
1992  16 775   8552   433   85   0  402  26 246
1993  18 028  10 104   563   60   3  207  28 963
1994  15 613  11 024  1047   95  30  461  28 270
1995  15 815   7175  1749  132  81  573  25 524
1996  13 600   9186  2174  162  84  790  25 995
1997   9265   9861  2276  148  21  516  22 088
1998   7925   7123   937  112   9  555  16 662
1999   8737   7106   885   98   0  425  17 251
2000   8318   6378  1560  163  51  459  16 928
2001   7441   6231  1157  161   0  508  15 498
2002   6942   5199  1097  176   9  467  13 891
2003   7799   4818  1590  263  11  638  15 120
2004   5148   5303  1035  186   0  442  12 113
2005   5817   5071   639  335  89  632  12 582
Total 192 116 129 389 18 117 2272 387 7756 350 038

Data updated from Clark and O’Driscoll (2003), and unpublished MFish records and data.
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The proportion of total catch of these species that are taken from seamounts var-
ies and has also changed over time (Clark and O’Driscoll, 2003). Orange roughy catch 
was mainly from slope grounds in the early 1980s, and increased on seamounts to peak 
at 50–60% in the mid-1990s, before stabilizing since at around 40%. Oreo catch from 
seamounts also increased over time, peaking at 50% of the total catch in 1994, and since 
decreasing to around 30–40%. Cardinalfi sh catches are largely from seamounts, at 60–
70% of the total catch. Bluenose and alfonsino catch from seamounts is 20–40% of the 
total. Rubyfi sh is not a major seamount species, at 10–15% of the total catch.

Tasmanian seamounts (Australia)

Around Tasmania are large numbers of small seamounts, some of which host deepwater 
fi sh populations. St Helens seamount off the northeastern coast of Tasmania is a spawn-
ing site for orange roughy, and south of Tasmania is a fi eld of approximately 70 small 
seamounts (Pedra Branca/Maatsuyker region), at depths of 1000–2000 m (Hill et al.,
1997) which are fi shing grounds for orange roughy and black, spiky (Neocyttus rhomboi-
dalis) and smooth oreo.

Small catches were taken off several of the southern seamounts in 1987 and 1988, 
but in 1989 St Helens seamount was discovered, and the Australian orange roughy fi sh-
ery really began. Landings of orange roughy increased rapidly to over 40 000 t in 1990 
(Table 17.6), of which 17 000 t was taken from St Helens. Almost 70 vessels were 

Table 17.6 Reported catch (t) of deepwater species by Australian vessels on the Tasmanian seamounts (Eastern 
and Southern Zones of the SouthEast Trawl management area for orange roughy, ‘east’ area for oreos, which 
differs from the orange roughy zone).

Fishing year Orange  Orange  Spiky oreo Smooth oreo Total
 roughy roughy
 (total) St Helens hill

1985     64     0       64
1986    664     2      664
1987    663     3      663
1988   2418   137     2418
1989  37 121  1401   36  164  37 321
1990  58 630 16 947    1  441  59 072
1991  26 585  5274   35  837  27 457
1992  31 173  8357  215 1794  33 182
1993  10 637  2879  179  342  11 158
1994   6697  1568   72  530   7299
1995   4116  1571   22  338   4476
1996   2800   970   57  237   3094
1997   2517  1151   72  332   2921
1998   2219  1421  158  186   2563
1999   2128   443   81   97   2306
2000   2307   607   24  122   2453
2001   2180   578   65  401   2646
2002   1751     0   83  338   2172
2003    982     0   82  153   1217
2004    748     0 N/A N/A    748
Total 196 400 56 309 1182 6312 203 894

Data from Southeast Fishery Stock Assessment Group (plus N. Bax, S. Wayte, Personal communication, 
St Helens hill data from Wayte and Bax, 2002). N/A: not available.
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operating during that year. Catches dropped consistently after that, with stronger manage-
ment associated with declining stocks. Between 1999 and 2001, the annual catch from 
St Helens was between 400 and 600 t, and the seamount was closed to trawling completely 
in 2002, with much reduced total allowable catches (TACs) for both Eastern and Southern 
zones.

South Tasman Rise

The South Tasman Rise is a prominent ridge extending south from Tasmania into the 
Southern Ocean. It has a series of small peaks near its main summit at about 900 m just 
outside the Australian EEZ. Occasional fi shing activity by New Zealand and Australian 
vessels occurred from the mid-1980s, with from 1989 increased exploratory trawling by 
Norwegian vessels licenced to fi sh the southern Australian region. Small catches of oreo 
were reported (Tilzey, 2000).

The main fi shery for orange roughy started in September 1997 by Australian vessels, 
which were quickly joined by New Zealand fi shers, and expanded rapidly. An estimated 
3900 t was caught in the 1997–1998 fi shing year (March–February fi shing year). Reported 
catches were 1700 t the following year, and increased to over 4000 t in 1999–2000 (Clark 
and O’Driscoll, 2002; Clark, 2004). One Belizean and three South African registered 
vessels fi shed for a period during the 1999 winter, but no other non-Australasian ves-
sels are known to have fi shed the seamounts. Oreos were previously taken as bycatch in 
the fi shery, with over 1000 t in both 1997–1998 and 1998–1999. Catches have dropped 
markedly since then, to less than 200 t during the last 2 fi shing years.

Louisville Ridge

The Louisville Ridge is a chain of seamount and guyot features extending southeast from 
north of New Zealand for over 4000 km. It is a ‘hotspot’ spreading chain, which com-
prises more than 60 seamounts, most of which rise to peaks of 200–500 m from the sur-
rounding seafl oor at depths around 4000 m. The ridge is entirely in international waters.

Soviet exploratory vessels found 14 seamounts with summit depths less than 1000 m dur-
ing operations in 1977. Quantities of cardinalfi sh (E. pectinifer, E. denticulatus, and E. ger-
acleus) were found on 2 of them, with daily catches between 10 and 50 t. A third seamount 
produced small catches of alfonsino (Polishchuk et al., 1989, Boldyrev and Darnitsky, 
1991a). Exploratory vessels caught a total amount of 10 000–12 000 t of fi sh. The biomass 
of cardinalfi sh was estimated from acoustic surveys at 123 000–300 000 t (Polishchuk et al., 
1989), but the Soviet commercial fl eet did not work the ridge. Japanese commercial vessels 
are known to have fi shed on the Louisville Ridge in the 1980s, with catches of alfonsino 
and bluenose, but no published information is available on their activities.

The main commercial fi shery by New Zealand on the seamounts of the ridge started 
in the early 1990s for deepwater species such as alfonsino, which were taken by longline. 
However, a more signifi cant bottom trawl fi shery for orange roughy developed in 1993, 
and catches peaked at over 13 000 t during 1995 (Clark, 2004). This year saw over 30 
trawlers working the seamounts, mainly New Zealand operated vessels (and charters or 
joint ventures with countries including Korea, Japan, Russia, and Ukraine), but almost 
2000 t was caught by Australian boats. The number of New Zealand vessels operating 
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in the fi shery has generally been between 10 and 15, and catches since 2000 have aver-
aged about 1300 t/year. The New Zealand catch to 2004 is over 34 500 t, with total known 
catches of 37 200 t. Other nations (e.g., China, Russia, Ukraine, Japan, and Korea) are 
thought to have fi shed the ridge at various times, but their catch is unknown.

Catches have been taken from many seamounts along the ridge (at least 15), but the 
most productive grounds have been those seamounts between 40�S and 45�S. Catches 
and catch rates have varied between seamounts, and over time, with several seamounts 
showing a strong decrease in catch rates. The fi shery for orange roughy initially occurred 
throughout much of the year, but after the fi rst 3 years started to concentrate in the months 
of June–August. Catch rates overall have dropped from peaks of over 3.5 t/tow to levels 
between 1 and 2 t/tow (Clark, 2004). Black and smooth oreo are a signifi cant bycatch in 
the fi shery, especially in the more southeastern parts of the Louisville Ridge. Their com-
bined catch is about 2300 t (Clark, 2004).

The Geracl Ridge

Fish concentrations on the Geracl Ridge (53–55�S, 139–142�W, southeast of the Louisville 
Ridge near the Eltanin Fracture Zone) were discovered by a Soviet exploratory vessel in 
1972. Two seamounts yielded bigeye cardinalfi sh (E. denticulatus and E. parini), with 
southern blue whiting (Micromesisteus australis), and long-nosed grenadier (Caelorinchus 
australis) (Polishchuk et al., 1989; Boldyrev and Darnitsky, 1991b). Trawl and acoustic 
surveys estimated the total biomass of cardinalfi sh in 1972–1981 to be 114 000–533 000 t 
(Boldyrev and Darnitsky, 1982; Boldyrev, 1986). The catch by exploratory vessels totalled 
about 15 000 t.

A Soviet commercial fl eet operated on the ridge in 1972, 1973, and 1980 and catches 
constituted 8800, 1300, and 1000 t, respectively (Polishchuk et al., 1989). Bottom trawls 
were mostly used.

East Pacifi c Rise

There is a chain of 18 seamounts on the western fl ank of the East Pacifi c Rise. Fish con-
centrations were discovered on three seamounts by Soviet exploratory vessels in the 
1980s, south of Easter and Pitcairn Islands. Horse mackerel (T. murphyi) catch rates in 
midwater trawls of 10–15 t/h were recorded on one of the seamounts. However, no Soviet/
Russian commercial fi sheries developed.

New Zealand trawlers also explored the area at the western end of the Challenger 
Fracture Zone in the late 1990s. Some small catches of orange roughy (about 20 t in total) 
were reported (Clark and O’Driscoll, 2002).

The Nazca and Sala-y-Gomez Ridges

The Nazca Ridge is located in the SE Pacifi c between 15–25�S and 76–82�W. Most of the 
seamounts of the ridge are in international waters, and only its northeastern part is in the 
200-mile zone of Peru. In the southwest the Sala-y-Gomez Ridge (24–27�S, 84–102�W)
joins with it. There are at least 40 seamounts with a summit depth of less than 1000 m, but 
the ridges have not been thoroughly explored.

A Soviet fi shery for horse mackerel (T. murphyi) and redbaits (E. elongates and 
E. nitidus) was conducted in 1978 and 1979 with catches of 2100 and 5100 t, respectively. 
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Pelagic trawls were mainly used, with bottom trawls on some seamounts. Total biomass 
on the seamounts was estimated at 50 000 t. Concentrations of alfonsino were also found 
on two seamounts (Anon., 1980, 1985; Dalimaev et al., 1980; Riabikov and Fomin, 1981; 
Parin et al., 1997).

In 1979–1980, aggregations of rock lobster (Projasus parkeri) were surveyed, with bio-
mass on fi ve seamounts estimated at 9000 t (Polishchuk et al., 1989). It is believed a total 
catch of about 1000 t of rock lobster was taken during research and experimental work.

In the 1980s, sporadic USSR research and fi shing was carried out, directed towards the 
study and development of pelagic fi sheries (for horse mackerel, mackerel, and pilchard) 
outside the EEZs of Peru and Chile. Total fi sh catch was about 4000 t, mainly horse mack-
erel and redbait. Slender seasnipe (Macrorhamphosus spp.) was also taken in quantity at 
times (up to 8 t/haul). In 2002–2003, one Russian vessel fi shed for rock lobsters, with 
daily catches of about 500 kg (Zhukov, 2005).

There are few data on fi shery activities by other countries. A Japanese fl eet (10–12 ves-
sels) conducted a fi shery for tunas and sharks by pelagic longline both over the seamounts 
and in the surrounding region, at least during 1978–1979 (Riabikov and Fomin, 1981). In 
2003–2005, several Spanish vessels fi shed for rock lobster on the Nazca Ridge.

The Chilean Rise

The Chilean Rise area (34–46�S, 78–102�W) was briefl y surveyed by the former Soviet 
Union in 1979. A seamount was found with aggregations of cardinal fi sh (Epigonus spp.), 
but catch rates were less than 5 t/tow.

Joint research voyages between Japan and Chile in 1977–1979 found orange roughy on 
the southern continental slope. However, it was not until 1998 that spawning aggregations 
were found on seamounts of the Archipelago Juan Fernandez. Catches were also made at 
Bajo O’Higgins seamounts (about 160 km off the Chilean coast), near Isla Mocha, and 
in Punta Sierra just off the coast. The Chilean fi shery for orange roughy started in 1999, 
limited by a 1500 t TAC, which was subsequently increased to 2500 t. The fi shery is based 
on eight main seamount features, fi ve in the Archipelago Juan Fernandez, two at Bajo 
O’Higgins, and one at Punta Sierra. Catches peaked at 1870 t in 2001, and has reduced to 
annual catches of around 1200 t during 2003 and 2004. The total catch in this fi shery up 
to 2004 was 8000 t (updated from Young, 2003).

Atlantic Ocean

The Atlantic Ocean topography is dominated by the MAR, with many peaks as well 
as side ridges, and individual seamounts. Many seamount areas in the Atlantic were 
explored by Soviet research and exploratory vessels in the 1970s and 1980s, and fi sheries 
developed on most of them (Table 17.7).

North Atlantic Fisheries

Northern MAR

Fisheries on peaks of the northern MAR started in 1973, when dense concentrations of 
roundnose grenadier (C. rupestris) were discovered (Fig. 17.7). The greatest annual catch 



378  Seamounts: Ecology, Fisheries & Conservation

Table 17.7 Summary data on seamount fi sheries in the Atlantic Ocean.

Area Species Year  Total catch  Maximum
  fi shery (t) annual
  started  catch
    (t)

Northern MAR Coryphaenoides rupestris 1973 232 400 22 900
Beryx splendens 1978   5800  1100
Hoplostethus atlanticus 1993   5100  1300
Brosme brosme 1996    300
Sebastes marinus 1996   1000
Sebastes mentella 1990 
Molva dypterygia 1979  17 000  8000

Northeast Atlantic  Hoplostethus atlanticus 2001   9000  5300
seamounts Epigonus telescopus

Corner Rise Beryx splendens 1976  21 500 10 200

South Azores  Trachurus picturatus, Scomber 1973  23 000 12 000
seamounts japonicus, Lepidopus

caudatus
Beryx splendens 1976   3800  3200

Madeiran–Canarian Trachurus picturatus, Scomber 1970 190 000 46 500
seamounts japonicus, Lepidopus
 caudatus

Vavilov Ridge Beryx splendens, Epigonus  1978  10 300  4200
denticulatus

Walvis Ridge Beryx splendens 1976  10 000  3900
Hoplostethus atlanticus  1994   5400  2200

 Pseudopentaceros
 richardsoni, Epigonus

telescopus, oreos

Vema Seamount Jasus tristani 1964    200
Decapterus macarellus, 1977    500   300
Emmelichthys nitidus

Discovery seamounts Maurolicus muelleri 1983    350

Rio-Grande Rise Beryx splendens 1982   1500   800

Trinidad-Martin  Caranx spp., Decapterus 1982
Vaz seamounts macarellus,

Seriola zonata

South Antilic Ridge Lepidonotothen macroftalmus,
Notothenia kempi, Dissostichus  1981   1900  1200
eleginoides

(almost 30 000 t) in that area was taken by the Soviet Union in 1975, and in subsequent years 
the catch varied substantially from several hundred tonnes to over 20 000 t. The fi shery 
declined after the dissolution of the Soviet Union in 1992, and since then there has been 
a sporadic fi shery by vessels from Russia (annual catch estimated at 200–3200 t), Poland 
(500–6700 t), Latvia (700–4300 t), and Lithuania (data on catch are not available) (ICES, 
2004). Grenadier has also been taken as bycatch (�500 t/year) in the Faroese orange 
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roughy and Spanish blue ling fi sheries. During the entire period of fi shing to 2005, the 
catch of roundnose grenadier from the northern MAR amounted to almost 232 000 t.

Fig. 17.7 A large catch (about 20 t) of roundnose grenadier. Taken on the MAR by the Soviet exploratory trawler 
‘Rzhev’, 1977 (photo Vladimir Vinnichenko, PINRO).

USSR data indicated that roundnose grenadier aggregations may have occurred on 70 
seamount peaks of the ridge between 46–62�N, but only 30 of them were commercially 
important and subsequently exploited. A stock size of up to 900 000 t was estimated in the 
1970–1980s (Pavlov et al., 1991; Shibanov, 1998). The fi shery is mainly conducted using 
pelagic trawls although on some seamounts it is possible to use bottom gear. Deepwater 
redfi sh (S. mentella), orange roughy, black scabbardfi sh (A. carbo), and deepwater sharks 
are caught as bycatch in the fi shery (Kemenov et al., 1979; Anon., 1988a, b, 1990).

The deepwater fi sheries off Iceland tend to be on the continental slopes, although a 
short-lived fi shery on spawning blue ling (Molva dypterygia) was reported on a ‘small 
steep hill’ at the base of the slope near the Westman Islands. The fi shery began in 1979, 
peaked at 8000 t in 1980 and subsequently declined rapidly (Magnússon and Magnússon, 
1995). French trawlers fi shed for blue ling again in 1993 on small seamounts in the south-
ern Reykjanes Ridge, with a catch of 390 t. Iceland caught over 3000 t in 1993, but catches 
dropped sharply to 300 and 117 t in the next 2 years before fi shing stopped until 2000 
when Spanish trawlers resumed fi shing there with catches up to 1000 t (ICES, 2006).

Orange roughy occurs in Icelandic waters, where in restricted areas of the Reykjanes 
Ridge it can be abundant on the tops and the slopes of narrow underwater peaks. 
These are generally diffi cult to fi sh, although in 1991 a single trawler made some note-
worthy catches of orange roughy off the south coast of Iceland (Bates, 1993). In 1992, the 
Faroe Islands began a series of exploratory cruises for orange roughy beginning in their 
own waters and later extending into international waters (Thomsen, 1998). Exploitable 
concentrations were found in late 1994 (annual catch 260 t) and early 1995 (1040 t), 
mostly on the MAR. The fi shery took place on fi ve features on the MAR and Hatton 
Bank. Catches peaked in 1996 at 1320 t, and since then have generally been less than 500 t 
(ICES, 2006).
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In the 1980s, a bottom longline fi shery developed for tusk (Brosme brosme) and 
northern wolffi sh (Anarhichas denticulatus) on some of the northern MAR seamounts 
(Prozorov et al., 1985; Zaferman and Shestopal, 1991, 1996). Catches of tusk were taken 
on 20 seamounts between 51�N and 57�N, with maximum catch rates of 0.8 t/1000 hooks 
on a seamount named ‘Hekate’.

In 1996, a small fl eet of Norwegian longliners began a fi shery for ‘giant’ redfi sh (ocean 
perch S. marinus) and tusk on the Reykjanes Ridge (Hareide et al., 2001). The fi shery was 
mainly conducted close to the summits of seamounts or coral banks and a new type of 
vertical longline was developed for the fi shery. The fi shery continued in 1997, but ceased 
after CPUE decreased markedly. Another species of oceanic redfi sh (S. mentella) can also 
form aggregations close to the bottom over seamounts of the Reykjanes Ridge (60–62�N).
In ICES Sub-area XII, where part of the Reykjanes Ridge is located, large catches (up to 
94 000 t/year) have been taken by pelagic trawls, but it has not been possible to estimate 
the proportion of the catch obtained from over seamounts.

Spanish vessels explored several seamounts on the MAR between 1997 and 2000, and 
a longline survey was conducted in 2004, but except for sporadic fi sheries in the north-
ern area (ICES Division XIVb) there has been a decline in interest (Duran Muñoz et al.,
2000; ICES, 2006).

The MAR to the north of the Azores has over 20 seamounts with a depth of less than 
1000 m. In 1976, small catches of alfonsino and scabbardfi sh (Lepidopus caudatus) were 
taken on some seamounts (Vinnichenko, 2002b). A commercial pelagic trawl fi shery for 
alfonsino developed on ‘Spectr’ seamount in 1977 and this and other seamounts were 
exploited in 1978 (700 t catch) and 1979 (1100 t catch). No commercial fi shing took place 
during the 1980s but nine exploratory and research cruises by the USSR yielded about 
1000 t of alfonsino (Fig. 17.8), with black cardinalfi sh, orange roughy, black scabbardfi sh, 
and silver roughy (H. mediterrraneus) (Vinnichenko, 2002b). Aggregations of deepwater 
crab (Chaceon affi nis) were also observed (Moskalenko, 1978; Zaferman and Sennikov, 

Fig. 17.8 Another day of fi shing for alfonsino on seamounts of the MAR by the Soviet exploratory trawler 
‘Mikhail Verbitsky’, 1981 (photo Vladimir Vinnichenko, PINRO).
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1991). Russian commercial and exploratory Norwegian, Faroese, and British fi shing on 
more seamounts in the 1990s yielded more than 3000 t of alfonsino, making the total 
catch from the region about 6000 t. In recent years, there have been no indications of fi sh-
able concentrations of alfonsino (Shnar et al., 2005).

Along with deepwater demersal fi shes, some epipelagic and mesopelagic species are of 
commercial interest on the northern MAR seamounts. During the 1970s and 1980s north 
of the Azores (43–52�N) tuna were regularly taken by Soviet research and exploratory 
vessels. Albacore (T. alalunga) occurred most frequently, with catch rates up to 20 t/haul. 
Bluefi n tuna (T. thynnus) and swordfi sh (Xiphias gladius) were also found (Vinnichenko, 
1989, 1996). Atlantic saury (Scomberesox saurus), shortfi nned squid (Illex illecebrosus),
and Bartrami squid (Ommastrephes bartrami) in this area were also of commercial inter-
est (Zilanov, 1975; Volkov et al., 1977; Moskalenko, 1978, Pavlov et al., 1985).

Fishing by a chartered trawler was carried out for deepwater resources on seamounts 
around the Azores in 2001–2002, and involved a scientifi c programme as well as com-
mercial exploration. Orange roughy were found on several seamounts during the survey, 
mainly at depths between 1000 and 1200 m. The total catch during the surveys was 373 t, 
predominantly orange roughy (92%) with smaller catches of black scabbardfi sh, smooth-
heads (Alepocephalus spp.), black cardinalfi sh, and roundnose grenadier (Melo and 
Menezes, 2002). However, a fi shery did not develop.

Northeast Atlantic seamounts

Orange roughy fi sheries have also been carried out by French fl eets along the continen-
tal margin of the British Isles since the early 1990s, and most of the early catches were 
centred on the Hebridean Seamount (ICES, 2006). This fi shery has collapsed, but con-
tinues further south mainly around the base and on the slopes of seamounts. An Irish 
fi shery for orange roughy began in 2000 to the west and north of the Porcupine Bank 
and increased to over 5000 t in 2002 (Shephard and Rogan, 2006). Catch rates started to 
decrease, EU quotas were introduced, and annual landings since 2003 have been only sev-
eral hundred tonnes. Total cumulative catch in the fi shery amounts to about 9000 t. The 
fi shery is divided into an all-year round catch on the ‘fl ats’ and seasonal aggregations on 
about 20 small hills. The bycatch of the hill fi shery was predominantly black cardinal fi sh.

Some gillnet and longline activity for tusk, ling, and blue ling is known to have occurred 
on Rosemary Bank, a seamount in the northern Rockall Trough. Catches are unknown.

Corner Rise seamounts

Exploration on the Corner Rise seamounts (a cluster between 34–37�N and 47–53�W)
began in 1976–1977, with a focus on three seamounts (Anon., 1988a, 1993). Catches in 
1976 totalled more than 10 000 t, which comprised predominantly alfonsino with black 
scabbardfi sh, wreckfi sh, black cardinal fi sh, barrelfi sh (Hyperoglyphe perciforma), and 
silver roughy taken in pelagic trawls. A stock size of 80 000 t was estimated (including 
part of the MAR, Vinnichenko, 1998). In the following year, no stable aggregations were 
found in the area and the catch decreased to 800 t (Vinnichenko, 1997). Commercial activ-
ity resumed in 1987, with a catch of about 2000 t of alfonsino. The fi shery on the Rise 
then ceased until the mid-1990s, when it resumed with variable effort until the end of the 
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century. Since 2000, there has been no signifi cant fi shery in this area. Russian research 
vessels found no stable aggregations in 2003–2004 (Shnar et al., 2005). Efforts by French 
and Japanese trawlers have also been largely unsuccessful. The total catch taken by the 
USSR and Russia on the Corner Rise seamounts has amounted to more than 21 000 t.

Some exploratory work was carried out by a Canadian company in 1995. Bottom and 
midwater trawling resulted in about 80 t of fi sh being caught, mainly wreckfi sh (Polyprion
spp.), alfonsino, and snowy grouper (Epinephelus niveatus) (D. Kulka, Department of 
Fisheries and Oceans, Personal communication). Exploratory crab fi shing has also been 
carried out.

In 1995–1996, the US funded a number of exploratory deepwater fi shery vessels to 
search seamounts of the New England seamount chain for potential deepwater resources. 
One commercial bottom trawler fi shed on Bear Seamount, but catches were small. An 
American longliner is also thought to have attempted some deep-set longlines on the 
western New England seamounts, and there may currently be some longline activity near 
Bear Seamount, but no information on target species or catch is available.

South Azores area

A Soviet pelagic and bottom trawl fi shery for several species started in 1973 on seamounts 
south of the Azores. Scabbard fi sh was initially the main species (10 000 t catch in 
1973–1974), with horse mackerel (7000 t), mackerel (2500 t), and later alfonsino (4000 t 
in 1976–1977). Several seamounts were not fi shed after the Azores EEZ was declared in 
1977, and the fi shery continued periodically thereafter with smaller catches (Samokhvalov 
et al., 1981). Total USSR catch for the period from 1973 to 1987 was 28 000 t 
(Vinnichenko, 2002b). Commercial trawlers from Russia and some Baltic countries have 
operated occasionally in the area in recent years, with catches of horse mackerel, mack-
erel, alfonsino, sea snipe, and deepbodied boarfi sh (Antigonia capros). More detailed 
information is not available, but fi shable concentrations were found by Russian research 
vessels in 2003–2004 (Shnar et al., 2005).

Fisheries potential for deepwater crabs (Chaceon spp.) and longline for various species 
were identifi ed by USSR research vessels in the 1980s (Zaferman and Sennikov, 1991; 
Zaferman and Shestopal, 1991) without further development.

In 2001, an Irish commercial longliner carried out exploratory fi shing on Atlantis, 
Plato, Cruiser, Irving, Hyéras, and Great Meteor Seamounts (Nolan, 2004). The target 
was wreckfi sh and comprised 45% of the commercial catch from all seamounts.

Madeira–Canary Island seamounts

In the region around Madeira and the Canary Islands, there are at least 10 fi sh-
able seamounts, including Ampere, Josephine, Dacia, Canary, Bezymyannaya, Seine, 
Conception, Gettysburg, Endeavor, and Zvezda. A Soviet fi shery for horse mackerel, 
mackerel, and scabbardfi sh began on Conception Seamount in 1970, and on the others 
in 1973–1974. The largest catches in this area occurred in the fi rst few years, with annual 
catches of 17 800–46 500 t (Fomin et al., 1975). When EEZs were established in 1977, the 
fi shery continued intermittently on Josephine and Ampere seamounts, which are in inter-
national waters (Fomin et al., 1980; Vinnichenko and Khlopenyuk, 1983). Catches were 
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over 2000 t in 1992, but otherwise less than 1000 t/year. The main fi shing gear was pelagic 
trawl, although on some seamounts bottom trawl and purse seine were also used.

Portuguese longliners occasionally fi shed for mackerel, scabbardfi sh, and tunas on 
Josephine and Ampere seamounts. The Madeiran fi shery for black scabbardfi sh also 
exploits the Seine, Lion, and Susan seamounts (Martins and Ferreira, 1995).

South Atlantic fi sheries

Vavilov Ridge

The Vavilov Ridge is in the tropical Atlantic between 2–13�S and 6�W–2�E. Soviet research 
vessels explored the region in 1978, and a commercial fi shery developed on six seamounts 
with summit depths less than 1000 m (Anon., 1988a; Strogalev et al., 1989).

The most active fi shery in the area was carried out in 1978, when 4200 t of fi sh (mainly 
alfonsino and cardinalfi sh E. denticulatus) were caught on ‘Udachnaya’ seamount. In the 
subsequent decade, the area was repeatedly searched by exploratory vessels but concen-
trations were not generally found, and there was no commercial fi shery (Strogalev et al.,
1989). A fi shery resumed in the second half of the 1990s, with trawlers from Russia, 
Ukraine, Poland, Norway, and New Zealand, with mixed catches of 500–1300 t/year.

Fishing for tuna in the area is carried out by longlines and purse seine. Catches off 
seamounts in the 1980s (both on the ridge and closer inshore) amounted to several thou-
sand tonnes per year (Fonteneau, 1991). On one of the seamounts, concentrations of crabs 
(species unknown) were found and some catches were taken (Anon., 1988a; Strogalev 
et al., 1989).

Walvis Ridge and Vema Seamount

Vema Seamount, located off the eastern margin of the Walvis Ridge, was fi rst fi shed in 
1964, when commercial quantities of rock lobster (Jasus tristani) were found (Simpson 
and Heydorn, 1965). The fi shery was quickly depleted after only 2–3 years (catch levels 
were unknown, Heydorn, 1969), although it did support one further year of exploitation 
in 1980 when 80 t of tails were processed (Lutjeharms and Heydorn, 1981).

The Soviet fi shery in the Walvis Ridge area commenced in 1968 on Valdivia Seamount, 
but catches in the early years are unknown (Fomin, 2002). In the mid–late-1970s, the fi sh-
ing area extended to more seamounts and peaks along the Walvis Ridge, and catches of 
alfonsino reached almost 4000 t in 1977, with over 2000 t of southern boarfi sh the same 
year (Anon., 1983). The fi shery then decreased with annual catches generally less than 
1000 t. The Valdivia Seamount/Bank near the Walvis Ridge was also fi shed by an explora-
tory Japanese trawler in 1979, when 24 tows caught 54 t of fi sh, mainly southern boarfi sh 
and bluemouth (Helicolenus dactylopterus) (Sasaki, 1986).

On some seamounts of the ridge in the 1980s, Japanese, South African, and Portuguese 
vessels occurred from time to time fi shing with traps and longlines, as well as trawl 
(Fomin, 2002). The fi shery in this area increased during the latter part of the 1990s, 
when trawlers from Russia, Ukraine, Poland, Norway, Spain, Namibia, South Africa, and 
New Zealand operated there fi shing for alfonsino and orange roughy.

At the eastern end of the Walvis Ridge, where it abuts the coastline of Namibia 
and Angola, is a small seamount inside the Namibian EEZ. ‘Hotspot’ seamount was 
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discovered during exploratory deepwater fi shing by a Namibian vessel in 1994. The main 
target species has been orange roughy. Catches were initially high (1994 catch of 2170 t) 
but decreased rapidly to only several hundred tonnes per year (Anon., 2005). Black car-
dinalfi sh, alfonsino, and several species of oreo (including smooth oreo, warty oreo A.
verrucosus, and spiky oreo) are taken as bycatch or alternative targets in the fi shery on 
hotspot. Detailed catch data are not available, but annual catches of alfonsino are likely to 
have been around 1000 t for several years in the mid-1990s.

Trinidad-Martin Vaz seamounts

Soviet vessels explored the Trinidad-Martin Vaz seamounts (20–21�S, 36–39�W) in 1982. 
Bottom trawling took place on three seamounts in the western part of the chain (Anon., 
1988a). Catches on Dogaressa Seamount consisted mainly of jacks (Caranx spp.), mack-
erel scad (Decapterus macarellus), amberjack (Seriola zonata), Sphyraena spp., red snap-
per (Lutjanus aya), sea bass (Paranthias furcifer), wreckfi sh and coney (Cephalopholis
fulva). Catch rates up to 2–3 t/tow were recorded. Detailed data on catches in this area are 
not available.

Rio-Grande Rise area

In the Rio-Grande Rise area (28–35�S, 20–38�W), aggregations of alfonsino were found 
on three seamounts in the 1980s. In 1982, seamounts at the southeastern end of the rise 
(which the USSR called ‘Otdalennaya’ and ‘Fevralskaya’) were fi shed, and 300 t of alfon-
sino were taken by both bottom and midwater trawling (Anon., 1988a; Zasel’skii and 
Pleteshkov, 1988). Small quantities of southern boarfi sh, barrelfi sh, and black cardinalfi sh 
were also taken (Table 17.8). The fi shery stopped after 1984, but resumed in 2000 when 
a new seamount was discovered to the northwest, named ‘Sorokin’ (Kakora, 2003, 2005). 
The total known catch from the Rio-Grande Rise is about 1450 t (Table 17.8). There are 
no available data after 2002.

Table 17.8 Soviet/Russian catches in the Rio-Grande Rise area from 1982 to 2000 (from logbooks and cruise 
reports).

Year Alfonsino Boarfi sh Bluenose Cardinalfi sh Total

1982  306 20  4  3  333
1984   10      10
2000–2001  799 26 38 22  885
2002  327     327

Total 1442 46 42 25 1555

Discovery seamounts

These seamounts, located between 41–44�S and 4�E–3�W, represent a cluster which forms 
the Discovery Tablemount group. In 1983 aggregations of pearlside, M. muelleri, were 
found on two seamounts. Catches by Soviet research trawlers using pelagic trawls totalled 
about 350 t, with catch rates of 10–40 t/haul. Between 1984 and 1987, fi sh density and 
catch rates decreased, and no commercial fi shery was established.
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The Japanese carried out exploratory trawling in 1978 and 1979 around Discovery 
seamount and the nearby Crowford seamounts, McNish seamount, RSA seamount, and 
Shannon seamount (Sasaki, 1986). Catches were generally small, comprising a mixture 
of species depending on the seamount and its depth. Catches on Discovery seamount 
comprised several species of grenadier (Coryphaenoides spp.), while 14 t of butterfi sh 
(Hyperoglyphe sp.) was taken on Crowford seamount. No fi sheries have developed.

South Antilic Ridge

The South Antilic Ridge lies SW of the southern part of the MAR (53–62�S, 52–40�W). In 
late 1980 and early 1981, two seamounts were found on the northwestern part of the ridge, 
and commercial catches of notothenids (Lepidonotothen macroftalmus) with bycatch 
of Patagonotothen ramsayi and Patagonian toothfi sh (Dissostichus eleginoides) were 
taken by bottom trawl (Anon., 1988a). In 1981, the total catch was about 1200 t, which 
decreased to 200 t in 1983, and to 20 t in 1984. In 1987, a new seamount was discov-
ered near the South Orkney Islands. Bottom trawl catches totalled 255 t, and consisted of 
striped-eyed rockcod (L. kempi) with bycatch of marbled rockcod (Notothenia rossi mar-
morata) and Patagonian toothfi sh. In 1989, the catch was about 200 t of notothenids.

A New Zealand vessel explored several seamounts on the Islas Orgadas Ridge (about 
43�S, 28�W) in 2001. Small catches of orange roughy were reported, totalling about 50 t. 
No commercial fi shery is known in the area.

Indian Ocean

The Indian Ocean has a number of large ridge features that trend southwards along the east 
coast of Africa, and south of India, and the main Indian Ocean Ridge which runs southwest 
from the middle reaches of the Indian Ocean to well south of Africa. These ridges have a 
large number of peaks which are often of considerable elevation. Most fi sheries activity has 
been on the ridges and seamounts in the southern part of the Indian Ocean (Table 17.9).

Table 17.9 Summary data on seamount fi sheries in the Indian Ocean.

Area Species Year fi shery Total catch (t) Maximum
  started  annual
    catch (t)

Ob and Lena Lepidonotothen squamifrons,  1967   34 200  9600 
seamounts Dissostichus eleginoides

Southwest Indian Beryx splendens 1980 �20 000  3000
Ridge Emmelichthys nitidus 1980    7000  3200

Hoplostethus atlanticus 1998   19 000 12 200
 Oreos 1998    3500  2700

Madagascar Ridge Pseudopentaceros richardsoni 1982     800   400
Epigonus telescopus 1981     300   100
Beryx splendens 1981  

Mozambique Ridge Hoplostethus atlanticus 2000   ?2000 

NinetyEast, Broken,  Beryx splendens, Emmelichthys  1981      600   400
and Mid-Indian nitidus
Ridges
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Table 17.10 Soviet/Russian/Ukranian catches (t) on seamounts of the Southwest Indian Ridge and Madagascar 
Plateau (FAO Statistical Areas 51.01 and 51.02) from 1980 to 2001 (from Romanov, 2003).

Year Alfonsino Redbait/rubyfi sh Centrolophidae Mackerel Cardinal Southern Total
      boarfi sh catch

1980    20 3252 1831  133    6029
1981  2524  375 1047  255  63   5472
1982   921  268   80   50  80 414  2112
1983   852  356  255   45  27   4  1720
1984    57   40    7   22     152
1985     3   91    4   46     153
1986     9    1       34
1987     2  807  608     9  1472
1988    66  128  312     583
1989    10     26      36
1990    10    4     1    15
1991          10
1992   314  468  828   20  45  1676
1993   462  551  301  127  18   1500
1994  1534  227  732    40  2633
1995  2249  144  485    3  33  54  2970
1996  3079   28  254   53  17  3480
1997  1031    7  440   17  33  1570
1998   859  275  395   15   78  1623
1999  1964  181  753   11  108  3303
2000  1578   360     2015
2001   371  121  299    7   12   810
Total 17 830 7276 8812 1052 311 815 39 368

Southwest Indian Ridge region (includes Mozambique Ridge 

and Madagascar Ridge)

Soviet exploratory fi shing on seamounts of the SW Indian Ridge between 20�S and 
40�S began in the early 1970s (Romanov, 2003). Concentrations of alfonsino and cen-
trolophid butterfi sh (including rudderfi sh (Centrolophus niger), bluenose, violet warehou 
(Schedophilus velaini), black ruffe (S. maculatus), and New Zealand ruffe (S. huttoni))
were found with southern boarfi sh and cardinal fi sh (Epigonus spp.). Commercial fi sh-
ing began in 1980 with seven trawlers, using mainly bottom trawl gear. Redbait and 
rubyfi sh were also targeted (Romanov, 2003). The total catch was over 6000 t in 1980 
(Table 17.10), but decreased to low levels in the mid-1980s before increasing again in the 
1990s as alfonsino fi sheries developed on new seamounts.

In 1997–1998, a new fi shery developed on the Southwest Indian Ridge for deep-
water species. Orange roughy, black cardinalfi sh, southern boarfi sh, oreo, and alfon-
sino were targeted by vessels from Australia and New Zealand, and soon after from 
South Africa, then Russia, Norway, and the EU in 1999. Fishing was initially success-
ful, with a total catch of demersal fi sh species over 14 000 t (FAO, 2002; Japp and James, 
2005) (Table 17.11), although it is believed that the orange roughy catch alone was over 
10 000 t (Anon., 2001). Orange roughy was the main target species, fi shed at depths of 
800–1200 m. The following year saw a dramatic increase in effort, with 45–50 ships from 
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New Zealand, Australia, Russia, Ukraine, Mauritius, China, Norway, Namibia, Spain, 
Portugal, and others under the fl ag of Panama and Belize. However, the total orange 
roughy catch was about the same as that estimated the previous year. Catch rates dropped 
substantially, with the average catch per vessel for the season estimated to have decreased 
from 1600 t to less than 300 t. The following years saw reduced numbers of vessels, and 
a shift from orange roughy to alfonsino and rubyfi sh targets on the Madagascar Plateau, 
Mozambique Ridge, and Mid-Indian Ridge. Reported catches of orange roughy in FAO 
Area 51 were much lower than those estimated in Table 17.11: 1265, 711, and 38 t for 
2000, 2001, and 2002, respectively. No catches were reported in the offi cial returns to 
FAO prior to 2000 (FAO, 2003), possibly because of commercial sensitivity of new fi sh-
ing grounds. Catches of several thousand tonnes are thought to have occurred in recent 
years. Reported catches of alfonsino from FAO Area 51 were generally 1000–3000 t/year 
during the 1990s, but have decreased since (FAO, 2003).

Soviet trials in the early 1990s, with droplines and bottom longline on seamounts at 
depths of 100–800 m, targeted wreckfi shes (Polyprion oxygeneios and P. americanus)
(Romanov, 2003). Rock lobsters (J. lalandii) were also caught on the tops of seamounts 
and banks. However, none of these fi sheries have developed.

Japanese exploratory trawling took place in 1977 and 1978 further north on the Saya de 
Malha Bank, west of the Mid-Indian Ridge (Sasaki, 1986). Catches totalled 700 and 350 t 
in the respective years, mainly comprising scad (Decapterus spp.), lizardfi sh (Saurida
undosquamis), and butterfl y bream (Nemipterus personii).

Ob and Lena seamounts

Soviet exploratory fi shing was carried out at Ob and Lena seamounts in the early 1970s. 
In 1974, a commercial fi shery for grey notothenid (L. squamifrons) developed at depths of 
230–270 m. Between one and six trawlers worked the seamounts irregularly. Patagonian 
toothfi sh and marbled notothenid were taken as bycatch, but did not form aggregations on 
the seamounts. Maximum catches totalled over 9000 t in 1986 and over 34 000 t over the 
period of the Soviet fi shery between 1974 and 1991 when fi shing stopped.

Japanese vessels also explored Ob and Lena seamounts, as well as banks around the 
Crozet Islands, in the mid-late 1970s (Sasaki, 1986). Patagonian toothfi sh, the notothenids 
L. squamifrons and N. rossii, and icefi sh (Champsocephalus gunnari and Chaenichthys 
rhinoceratus) dominated catches, but were not regarded as commercial then. There is 
thought to have been some illegal and unreported fi shing activity for Patagonian toothfi sh 
in the area in recent years.

Table 17.11 Estimated deepwater catches (t) from the Southwest Indian Ocean area (Southwest Indian Ridge 
and Madagascar Plateau).

Year Number  Number  Orange  Oreos  Alfonsino Southern  Cardinalfi sh Bluenose Others Total
 of nations of vessels roughy   boarfi sh

1998 1  1   859   78     685  1622
1999 6  8  5210  406 2462 2583  360 30  3475 14 526
2000 7 13 12 218 2689 6526 2066 1771 15 39 412 39 413
2001 8  8  1568  358 3471   45  406 28  2090  7966

Data are incomplete (from FAO, 2002).
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Table 17.12 Soviet/Russian/Ukranian catches (t) on seamounts of NinetyEast Ridge and Broken Ridge (FAO 
Statistical Area 51.04) from 1980 to 1984 (from Romanov, 2003).

Year Alfonsino Redbait/rubyfi sh Centrolophidae Mackerel Cardinal Southern  Total
      boarfi sh catch

1981 120 442 109 3  14 995
1982   2      2  28
1983        10
1984   6   3      40
Total 128 445 109 3 0 16

Kerguelen-Heard Ridge

Peaks on this ridge around the Kerguelen Islands were explored by Japanese vessels in 
1977 and 1978. Catch was 1600 t in 1977, and comprised Patagonian toothfi sh, notothenid 
cods, and icefi shes (Sasaki, 1986). Soviet vessels have also fi shed for Patagonian toothfi sh 
within the EEZ around the Kerguelen Islands (Romanov, 2003).

NinetyEast Ridge (includes Mid-Indian Ridge and Broken Ridge)

Exploratory fi shing in deepwater in central and eastern parts of the Indian Ocean has 
occurred on occasion. Soviet vessels fi shed during the early 1980s. In 1981, over 400 t of 
rubyfi sh was caught on the Mid-Indian Ridge, but most effort in subsequent years to 1984 
was on Broken Ridge where alfonsino and centrolophids were caught, catches totalling 
about 120 t each (Romanov, 2003) (Table 17.12).

Australian vessels, and some from New Zealand, have also been active in the region. The 
former explored the ridge areas extensively during the late 1990s and early 2000s. Most effort 
was on NinetyEast Ridge, where seamounts at depths of 800–1000 m were targeted with bot-
tom trawl gear. Exploratory fi shing also occurred to the north on parts of the Investigator 
Ridge, and along Broken Ridge. Details of catches are unknown. The main target species has 
been orange roughy, but no large catches have been taken to our knowledge.

Discussion

Common characteristics of seamount fi sheries

Fisheries on seamounts are subject to additional diffi culties and increased commercial risk 
compared to fi shing on the continental shelf and slope. Most seamounts are offshore and 
located a great distance from the coast. Large vessels are generally required to fi sh these 
grounds, and running costs can be high. Catches and catch rates in these areas can show 
sharp fl uctuations; fi shing operations are diffi cult because of hard ground, complex water 
circulation, and unstable and dynamic fi sh concentrations (e.g., Kemenov et al., 1979; 
Sasaki, 1986; Anon., 1988a, 1989, 1993; Vinnichenko, 1998, 2006; Clark, 1999).
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Modern deepwater trawls have large bobbin or rockhopper ground gear, which together 
with advances in navigational and electronic fi shing aids since the 1980s, have made 
trawling on rough seamounts much more feasible than 20 years ago. Small seamounts 
and trawlable paths can routinely be located and fi shed. Nevertheless, the hard and rough 
nature of seamount geology means there are still some limitations on the fi sher’s ability to 
bottom trawl on seamounts.

Many of the seamount fi sheries described in this chapter have shown similar trends. 
The highest catches and catch rates are typically observed during the fi rst years of the 
fi shery. Subsequently, these substantially decrease and can remain low over a long period. 
Often, even relatively small catches (in the range of 500–1000 t) cause lower density and 
stability of aggregations and consequently reduced catches.

Seamount fi sheries are highly variable in their size and duration. In some fi sheries, 
such as those on the Tasmanian seamounts, Emperor, Hawaiian, Southwest Indian Ridges, 
the northern MAR, and the Madeiran–Canarian area the maximum annual catches were 
relatively high, tens of thousands of tonnes, sometimes over 100 000 t. However, such 
catches were generally not sustained for long, and these large-scale fi sheries showed a 
‘boom-and-bust’ situation, especially in international waters where there was no manage-
ment at the time. Trends in some of the major seamount fi sheries are plotted in Fig. 17.9. 
These graphs show the early development of seamount fi sheries for pelagic armourhead 
in the North Pacifi c, and for a range of species in the northern Atlantic Ocean in the mid-
1970s, and the development of deepwater trawl fi sheries for orange roughy in the south-
ern hemisphere in the 1980s. Catch histories are affected by a large number of factors, 
and in some of these fi sheries there are effects of EEZ declaration in the late 1970s (e.g., 
Madeira–Canary), and management measures imposed within EEZs. Nevertheless, they 
demonstrate the points above about the variability in size of seamount fi sheries (note the 
y-axis scales differ between plots) and in their duration. Many fi sheries, such as those 
for armourhead/alfonsino in the North Pacifi c, alfonsino on Corner Rise, scabbard fi sh 
and mackerel around Madeira–Canary Islands and the Azores, had several years of 
large catches, but then marked reductions in catch, and in most cases the fi shery has not 
resumed, despite regular searches for aggregations. Orange roughy fi sheries also typically 
show strong decreases in catch and catch rates after high levels in the early years of the 
fi shery. For some orange roughy fi sheries there appears to have been a continual decline 
(e.g., Tasmanian seamounts, Hot Spot off Namibia, and South Tasman Rise (not graphed) 
while for others fi sheries have continued at lower catch levels once the initial ‘high-catch 
phase’ has passed (e.g., New Zealand seamounts and Louisville Ridge). However, while 
there is variation in seamount fi sheries, it is clear that high-volume trawl fi sheries are gen-
erally not sustainable. Fisheries that have restricted levels of effort and catch, those that 
are well regulated inside EEZs, small-scale fi sheries (see Chapter 16), or those using other 
methods (e.g., line and pot) may occur over a longer period.

Fishery potential

Shortage of commercial data and lack of current research prevent an adequate global 
assessment of the overall status of fi sh stocks on seamounts. Biomass estimates have been 
made of some fi sh species on oceanic seamounts, especially by earlier USSR and Japanese 
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exploratory investigations. Scientifi c techniques to measure biomass of deepwater spe-
cies are however often inaccurate, and subject to large degrees of uncertainty (e.g., Clark, 
1996). Where estimates have been made, the biomass of many fi sh stocks on seamounts 
is relatively low and does not exceed several hundreds of thousands of tonnes for even 
the most abundant species (e.g., Sasaki, 1986; Vinnichenko, 1998, 2002b). An analysis 
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of New Zealand seamount fi sheries for orange roughy suggested that few seamounts can 
support long-term catches of more than a few hundred tonnes (Clark et al., 2001).

Seamounts host a wide variety of fi sh species, with varying life history characteris-
tics and productivity levels (see Chapter 9). Stock size and catch vary widely in differ-
ent areas, depending on the fi sh production on the seamounts (affected by size, relief and 
depth of the seamounts, water circulation, and general biological productivity of the area), 
as well as on the number of seamounts in each area (Boldyrev, 1995). This can be seen in 
differences between, for example, the Emperor Seamount chain and the northern MAR, 
compared with Corner Rise and the North Azores area. In each of the fi rst two areas more 
than 30 ‘commercial’ seamounts are known. Many of them are located in the biologi-
cally productive areas of the sub-polar front (Borets and Kulikov, 1986; Anon., 1990). The 
biomass of the largest aggregation of armourhead on the Emperor–Hawaiian Ridge was 
estimated at 243–350 000 t (Borets, 1979; Kulikov and Darnitsky, 1992). The biomass of 
roundnose grenadier at the northern MAR was estimated at 500 000–900 000 t (Pavlov 
et al., 1991; Shibanov, 1998). By contrast, fi sheries on the Corner Rise and in the North 
Azores area occur on only seven seamounts, and oceanographic conditions there are 
less productive (Anon., 1993). In the 1970s and 1980s, the total biomass of alfonsino in 
these two areas was estimated at 50 000–80 000 t (Vinnichenko, 1995, 2002b). The high-
est annual catch in the North Azores area did not exceed 1200 t and on the Corner Rise 
10 200 t.

Most demersal fi sh species that inhabit seamounts appear to be highly vulnerable to 
overfi shing. Aspects covered in Chapter 9 indicate a low productivity for many deep-
water seamount species, and that is borne out by the poor track record of fi sheries for spe-
cies like oreos and orange roughy (e.g., Francis and Clark, 2005). Some pelagic fi sh (e.g., 
mackerels) and shallower species (e.g., alfonsino) may be more resilient to heavy fi shing, 
and have been classifi ed as less vulnerable (e.g., Gordon 2005), but are still unlikely to 
withstand high-catch levels for more than a few years.

There has been intense fi shery pressure on the seamounts of the Corner Rise, North 
Azores area of MAR, Vavilov, Walvis, Southwest Indian, Emperor, and Hawaiian Ridges. 
Hence, many fi sh stocks are in a depressed state, and no increase of catch in these areas 
will be likely within the next few years. Relatively new fi shing grounds such as seamounts 
on the Norfolk, Lord Howe, Louisville, and South Tasman Rise have been targeted for 
deepwater species such as orange roughy, and are also fully exploited. Some areas of the 
northern MAR, and some offshore seamounts located in Antarctic waters and the central 
oceanic regions may have some potential for further exploitation. However, this is likely 
to be small and short lived if based on deepwater species, and if it occurs without careful 
management.

Management of seamount fi sheries

There has been little regulation of the fi sheries in seamount areas until recently, and there 
are several major problems facing management of these fi sheries. Accurate informa-
tion on catch and effort are important, but reports on the fi shing activities in such areas 
are often incorrect. There is an element of secrecy over new fi shing grounds which in 
the past may have lead to extensive misreporting of catches and locations. Scientifi c 
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investigations are carried out only occasionally offshore, and a shortage or a complete 
lack of scientifi c and fi sheries data can signifi cantly increase the probability of overex-
ploitation of seamount resources (especially when the fi shing operation is competi-
tive). Even in areas inside EEZs, or offshore regions covered by a Regional Fisheries 
Management Organisation, seamount fi sheries can be short lived. The fi ne spatial scale 
needed to research and manage seamount stocks is problematic, serial depletion of fi sh 
stocks can happen very fast (Clark, 1999), and combined with the aggregating nature of 
many species over seamounts, catch rates can be maintained even though biomass is being 
reduced very quickly (e.g., Clark, 2001). Experience with orange roughy fi sheries around 
New Zealand has highlighted the need to limit the amount of effort that is applied to 
seamount stocks. Heavy fi shing pressure can disperse aggregations (e.g., Clark and 
Tracey, 1994), and also if uncontrolled lead to vessels ‘queueing’ for a shot at the hill, 
and consequently trawl for longer and catch more than is required because of the time 
it can take to wait for another shot (a situation that occurred in some Australian and 
New Zealand fi sheries).

Management initiatives both within EEZs and on the high seas for seamount fi sheries 
have increased in recent years (see Chapter 20), with closed seamounts, method restric-
tions, depth limits, individual seamount catch quotas, bycatch quotas, and habitat exclu-
sion areas (e.g., hydrothermal vents). The large geographic areas to be covered present 
major challenges for international cooperation, and require a collaborative approach 
between fi shing companies, scientists, and managers. However, as discussed in Chapter 
20, large-scale sustainable fi sheries on seamounts are not possible without them.
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Chapter 18

Catches from world seamount fi sheries

Reg Watson, Adrian Kitchingman and William W. Cheung

Abstract

Even the most remote seamounts are targeted by fi sheries and overfi shing is a serious con-
cern. Estimating the catches taken from seamounts is diffi cult as catch statistics are typic-
ally reported from large ocean areas and cannot be easily related specifi cally to seamount 
habitat, much less individual seamounts. In addition, many species fi shed from seamounts 
like orange roughy are also caught on the continental slopes. We employ catch statistics 
allocated to 30 min spatial cells to estimate catches of 13 primary seamount species, those 
dependent on seamount habitats, and also of 29 species merely associated with seamounts. 
Catches of primary seamount species seem to have peaked in the early 1990s and many 
appear vulnerable. Much uncertainty remains to be resolved in future assessments, includ-
ing the strength of the affi nities of many species to seamounts, and how fi shing patterns 
have shifted from continental slopes to isolated seamounts, especially in the far southern 
hemisphere.

Introduction

Seamounts represent important features of ocean bottom topography that can have pro-
found effects on local abundance of many commercial species (see Chapters 1, 4–12). 
Their importance has increased in recent years with the failure of many coastal shelf fi sh-
eries. After the introduction and enforcement of 200 nautical mile exclusive economic 
zones (EEZs) around most nations’ productive inshore waters, these richer areas of the 
high seas have seen an intense interest by both fi shing fl eets and conservation groups.

The recent history of fi sheries on seamounts is one of serial depletion (see Chapter 17)
and has made many cautious about the ability of seamount areas to support unlimited 
exploitation (Hopper, 1995; Merreth and Haedrich, 1997; Froese and Sampang, 2004; 
Morato et al., 2004). Watson and Morato (2004) showed that seamount fi sheries collapsed 
faster and recovered more slowly than non-seamount fi sheries. Koslow (2001) summed 
it up: ‘these fi sheries are commonly characterized by a boom-and-bust cycle, whereby 
a stock (and sometimes the entire species) is fi shed to commercial extinction within 
10 years. Seamount trawl fi sheries also have severe impacts on the benthic environment, 
essentially removing the deepwater reefs and associated fauna from heavily fi shed areas’. 
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When there is no clear evidence of serial depletion of species fi shed, there appears to be 
evidence that sub-populations are being depleted serially and have reduced genetic diversity 
(see Chapter 19; Koslow et al., 1997; Clark, 1999).

Assessing the global seamount catch presents two major challenges. The fi rst is decid-
ing what seamounts are (see Chapter 1) and where they are located (see Chapter 2). 
Secondly, there are a number of lists of seamount species, but it is more controversial to 
determine which commercial species are truly associated with seamounts. Rogers’ (1994) 
list of more than 70 taxa is useful, but it combines ‘primary’ species, those that depend 
on seamounts, with ‘secondary’ species commonly found on seamounts but not exclu-
sive to them. Many pelagic species, including several tunas such as albacore (Thunnus
alalunga), are often taken in some parts of the world from seamount areas (see Chapter 
10A); however, they are also caught in mid-ocean far from seamounts. These latter spe-
cies are not considered by some to be seamount species and, arguably, their catches 
should not be included here. If these ‘secondary’ seamount species are to be included, it 
becomes important to have a means of prorating their reported landings so that only that 
part caught in the proximity of seamounts is included. This is problematic but necessary 
(see Chapters 9 and 16).

Methods

Data source

Sourcing of fi sheries data, as with any reporting of global catches, is problematic but crit-
ical. We are fortunate to have global catch data compiled by the Sea Around Us Project 
(SAUP) of the University of British Columbia (Watson et al., 2004). This was sourced 
from FAO, Eurostat and a variety of other sources. Modifi cations to original data include 
clarifi cation of taxonomic identity of catches and corrections for misreporting. This data-
set provides catch for all reported marine taxa from each 30 min by 30 min spatial cell of 
the world’s oceans from 1950 until 2002. We used the third version of this dataset (sub-
sets available online at http://seaaroundus.org/; April 2005), which incorporates published 
seamount affi nities.

Source data for seamount locations include Chapter 2, Kitchingman and Lai (2004), 
Seamounts Online (http://seamounts.sdsc.edu) (Stocks, 2004a) and NOAA (http://www.
ngdc.noaa.gov/mgg/global/global.html).

Seamount affi nity

The distribution of taxa plays an important role in the SAUP catch database, notably in the 
spatial catch allocations. Habitat preference is a major factor affecting a taxon’s distribu-
tion; procedures based on its association with different habitats including seamounts were 
developed to enhance predictions. (We use the terms ‘taxon’ and ‘taxa’ because global 
catch data do not always identify the species or genus, but often include a range of taxo-
nomic categories.) The process assumes that relative abundance of a taxon in a spatial grid 
is partly determined by the area of habitat(s) with which it is associated, but recognizes that 
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the effects of habitats will likely range further. The latter is assumed to be a function of the 
taxon’s body size (maximum length) and its habitat ‘versatility’. Thus a large-sized taxon 
that inhabits a wide range of habitats is more likely to extend its range further from asso-
ciated habitats (Kramer and Chapman, 1999). Affi nities to seamount habitats were investi-
gated using FishBase (Froese and Pauly, 2005) and other sources. For a fuller description 
of the methodology used to associate commercial taxa to habitats such as seamounts
(see http://seaaroundus.org/doc/saup_manual.htm#5).

Primary catches

Primary commercial seamount species were defi ned as those caught primarily or exclu-
sively on seamounts. These were determined by comparing a number of reference sources 
such as Rogers (1994) and after discussion with a number of experts in the fi eld. This 
proved challenging as there is not complete agreement on these species. More worrying 
still is that several of the taxa reported from some sources (see Chapter 17) are not iden-
tifi ed in our global catch database, at least not by the same names. Even less is known 
about some of the invertebrates that might be harvested (Stocks, 2004b). This could mean 
that some primary species, including several crustaceans, have been left out, but it would 
appear that these do not constitute high volume catches, even for seamount species.

Even though some species have been nominated as primary seamount species, it is clear 
that not all reported landings actually originate from seamount areas. Many taxa, including 
orange roughy (Hoplostethus atlanticus), are often caught on the continental slope, and 
indeed some individual fi sheries are reported only from the slope. It was thus necessary to 
prorate the reported catches of these species. Two methods were used. The fi rst, and most 
obvious, is to use the estimates provided by experts when it is available (Fig. 18.1). When 
more information was available, it was possible to include trends through time. The second 
method was to intersect the modelled distribution, based partially on seamount affi nities, 
with a map of known seamounts, with a 20 km buffer. The proportion of the global landings 
occurring in this overlapping area was deemed to be caught in the proximity of seamounts. 
For two primary seamount species, orange roughy (Fig. 18.2) and the Patagonian tooth-
fi sh (Dissostichus eleginoides) (Fig. 18.3), there is generally a strong overlap. Places with 
the highest abundances, based on our modelled distributions, generally corresponded well 
with the buffered areas of known seamount areas. This is hardly surprising as our modelled 
distributions include a habitat affi nity for seamounts which both these species demonstrate. 
For species like these, that are usually found on seamounts, we estimate that a signifi cant 
proportion of the global catch should be assigned to seamounts (Table 18.1).

Secondary catches

Several species of tunas and smaller pelagic taxa were included as secondary catches, 
not found either exclusively or even primarily from seamount habitats. Many seamount 
species also occur on the continental slope. Many pelagic species are widely distributed 
and have, at best, enhanced catches in the proximity of seamounts. We extend seamount 
fi sheries beyond deepwater species such as those described by Gordon (2001) and 
others, to include other species which have some association with seamount locations 
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Fig. 18.1 Proportion of catches of primary seamount species: orange roughy (Hoplostethus atlanticus) assumed 
to come from seamounts. New Zealand estimates simplifi ed from Clark and O’Driscoll (2003), Australia Antony 
Koslow, CSIRO Australia, Personal communication. All other estimates from Malcolm Clark, Deepwater fi sher-
ies NIWA, New Zealand, Personal communication.

Fig. 18.2 Distribution of primary seamount species: orange roughy (Hoplostethus atlanticus) (coloured squares) 
in the vicinity of Australia based on the SAUP data sources (Watson et al., 2004) overlaid with a 20 km buffer 
drawn around known seamounts in black. Higher expected abundances are shown in warmer colours with the 
highest (usually in immediate proximity of seamounts) shown in red. Only the overlap was taken as seamount 
catch.
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even if they do not dwell in close proximity to the elevated seafl oor that seamounts 
present. Indeed, we had the same problem distinguishing seamount from non-seamount 
landings as he reported in separating deepwater and shallower water species. Some of this 
is based on taxonomic uncertainty in catch reporting, and some is due to the wide distri-
butions of some taxa, and their sometimes weak or uncertain connection with seamounts.

Fig. 18.3 Distribution of primary seamount species: Patagonian toothfi sh (Dissostichus eleginoides) (coloured 
squares) south of Africa based on SAUP data sources (Watson et al., 2004) overlaid with a 20 km buffer drawn 
around known seamounts in black. Higher expected abundances are shown in warmer colours with the highest 
(usually in immediate proximity of seamounts) shown in red. Only the overlap was taken as seamount catch.

Table 18.1 Primary seamount species with proportion of annual landings attributed to seamount, showing mag-
nitude and year of maximum global catch (tonnes).

Species Common name Proportion Maximum Year of Group
   annual maximum
   catch catch

Pseudopentaceros richardsoni Pelagic armourhead 1 435 1993 Small
      pelagic
Epigonus telescopus Cardinalfi sh 0.76 10 088 2000 Demersal
Allocyttus niger, Pseudocyttus Oreos 0.76 97 491 1981 Demersal

maculates
Hoplostethus atlanticus Orange roughy 0.54 55 361 1988 Demersal
Dissostichus eleginoides Patagonian toothfi sh 0.23 26 918 1992 Large
      pelagic
Beryx splendens Splendid alfonsino 0.19 82 2002 Demersal
Helicolenus dactylopterus Blackbelly rosefi sh 0.15 4898 1994 Demersal
Polyprion americanus Wreckfi sh 0.15 800 1962 Demersal
Molva dypterygia Blue ling 0.15 10 475 1976 Demersal
Jasus tristani Tristan da Cunha lobster 0.15 857 1972 Lobster
      and crab
Lithodes aequispina Same-spine stone crab 0.15 4917 1997 Lobster
      and crab
Plagiogeneion rubiginosus Rubyfi sh 0.15 Nil  Demersal
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We decided to accept many listed seamount taxa as at least ‘secondary’ species. 
Nevertheless, for clarity, and because these taxa have very high annual catches that would 
overshadow other ‘primary’ species, we elected to report these separately here. Even 
more so than with primary seamount species, it was essential to prorate the global catches 
reported for secondary species. It was assumed that only that catch that was taken in prox-
imity of seamounts (based on a 20 km buffer) was associated with seamounts. For species 
like albacore tuna (Fig. 18.4) with a very weak association with seamounts, only a small 
portion of the reported global catch was assigned to seamounts (Table 18.2).

Fig. 18.4 Distribution of secondary seamount species: albacore tuna (Thunnus alalunga) (coloured squares) in 
the vicinity of Australia based on SAUP data sources (Watson et al., 2004) overlaid with a 20 km buffer drawn 
around known seamounts in black. Higher expected abundances are shown in warmer colours with the highest 
shown in red. Only the overlap was taken as seamount catch.

One sardine species, Sardinops sagax, was particularly problematic. Rogers (1994) 
lists this sardine as a seamount species under a synonym Sardinops melanosticta. This 
species is, however, extremely abundant and is caught in huge tonnages in many non-
seamount areas. In fact, a maximum global catch of 4.5 million tonnes was reported for 
this species in 1988. It was therefore decided that this species would not be included in 
our global seamount catches as it would overwhelm all other taxa even if only afforded 
a ‘secondary’ seamount species role. Their genuine contribution to seamount fi sheries is 
unknown.

Results

Seamount species

We accepted 13 commercial species as primary seamount species (Table 18.1). Of these, 
only one, the pelagic armourhead (Pseudopentaceros richardsoni), was assumed to come 
exclusively from seamounts. Seamount catch of other primary species ranged from 76% 
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for cardinalfi sh (Epigonus telescopus) and oreos (Allocyttus niger and Pseudosyttus
maculates) down to 15%. Overall 54% of orange roughy were assumed to have come from 
seamounts globally based on estimates in Fig. 18.1, however, there is considerable varia-
tion by year and by area/country. The other primary seamount species ranged from 15% 
to 23% of the catch associated with seamounts. None of these species reported more than 
100 000 tonnes caught in any 1 year. Most were demersal fi shes, but there were also two 
crustaceans. Two species were pelagic. Most species had their maximum annual catch a 
decade or more ago (see Chapter 17). There was no reported catch for one taxon, the ruby-
fi sh (Plagiogeneion rubiginosus), in our database, which highlights a reporting problem
for minor species.

Table 18.2 Secondary seamount species with proportion of annual landings attributed to seamount, and magni-
tude and year of maximum global catch (tonnes).

Species Common name Proportion Maximum Year of Group
   annual maximum
   catch catch

Trachurus picturatus Blue jack mackerel 0.036 26 710 1973 Demersal
Epinephelus aeneus White grouper 0.016 2100 1968 Demersal
Seriola lalandi Yellowtail amberjack 0.105 4285 1952 Demersal
Sebastes alutus Pacifi c ocean perch 0.003 383 900 1965 Demersal
Micromesistius poutassou Blue whiting 0.022 719 573 1980 Demersal
Caranx ignobilis Giant trevally 0.042 5527 2002 Demersal
Nemadactylus macropterus Tarakihi 0.043 14 400 1962 Demersal
Chionodraco hamatus Chionodraco hamatus 0.007 2 1989 Demersal
Lepidonotothen squamifrons Grey rockcod 0.021 38 728 1971 Demersal
Promethichthys prometheus Roudi escolar 0.133 7 2002 Demersal
Sebastolobus alascanus Shortspine thornyhead 0.100 1616 2000 Demersal
Zenopsis nebulosus Mirror dory 0.149 695 1992 Demersal
Notothenia rossii Marbled rockcod 0.012 250 631 1970 Demersal
Saurida undosquamis Brushtooth lizardfi sh 0.030 1215 1972 Demersal
Pseudocaranx dentex White trevally 0.064 6526 1978 Demersal
Anoplopoma fi mbria Sablefi sh 0.053 50 700 1972 Demersal
Argentina sphyraena Argentine 0.017 40 1973 Demersal
Sebastes melanops Black rockfi sh 0.022 148 2001 Demersal
Trachurus symmetricus Pacifi c jack mackerel 0.041 66 462 1952 Small pelagic
Scomber japonicus Chub mackerel 0.032 1 625 753 1978 Small pelagic
Champsocephalus gunnari Mackerel icefi sh 0.003 112 013 1982 Small pelagic
Sebastes entomelas Widow rockfi sh 0.001 6886 1997 Small pelagic
Thunnus albacares Yellowfi n tuna 0.096 165 930 1976 Tuna and
      swordfi sh
Thunnus obesus Bigeye tuna 0.044 103 600 1963 Tuna and
      swordfi sh
Thunnus alalunga Albacore 0.042 90 444 1976 Tuna and
      swordfi sh
Katsuwonus pelamis Skipjack tuna 0.039 254 701 1988 Tuna and
      swordfi sh
Euthynnus affi nis Kawakawa 0.120 57 899 1989 Tuna and
      swordfi sh
Acanthocybium solandri Wahoo 0.038 5087 1971 Tuna and
      swordfi sh
Thunnus thynnus Northern bluefi n tuna 0.020 12 000 1964 Tuna and
      swordfi sh
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Twenty-nine taxa were considered to be secondary seamount species (Table 18.2). 
Most were demersal fi shes but there were a few small pelagic fi shes, while the remain-
der were tunas. The proportion of catches associated with seamounts varied from only 
marginal to about 10%. Maximum annual catch reported also varied widely from an 
insignifi cant quantity to one in excess of one million tonnes annually. Several species pro-
vided in various lists of seamount species have never been reported in our global catch 
records, therefore these were not included here. By contrast, some others have such large 
catches that it is clear that the bulk of their production occurs over much larger areas 
than seamounts. Caution must be exercised when assuming the role of seamounts in their 
global catches.

As with primary seamount species, it is clearly unlikely that a fi xed annual proportion 
of any one taxa comes from seamounts. Since catches were fi rst reported for most taxa 
there undoubtedly has been a trend for fl eets to fi sh more from seamount habitats, espe-
cially as the more easily accessed slope and shelf areas became over-exploited.

Annual catches

From the proportion of the global catch of primary and secondary species apportioned to 
seamounts (Tables 18.1 and 18.2, and also Fig. 18.1), it was possible to plot annual land-
ings (Figs. 18.5 and 18.6). Substantial tonnages of most primary species were not reported 
until the 1970s. Primary catches were dominated by oreos (Oreosomatidae) and orange 
roughy. Like many deepwater fi sh, the orange roughy is a long lived, possibly more than 
100 years (Clark et al., 2000), and vulnerable species. Catches of primary species appear 
to have peaked overall by the early 1990s, by which time it is likely that almost all pro-
ductive seamounts were accessible to fi sheries (see Chapter 17).
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Landing of some secondary species such as chub mackerel (Scomber japonicus) was 
reported prior to the mid-1970s (Fig. 18.6). For some species, a portion of the catches 
reported here are perhaps wrongly attributed to seamounts, however, for some species 
such as the blue whiting (Micromesistius poutassou), signifi cant catches only began in 
the last few decades. Koslow (2001) reported several examples where some tuna fl eets 
use seamounts. Increased productivity in these areas may improve catches as might local 
isotherm variations engendered by seamount bathymetry. Generally catches of secondary 
species have increased each year (Fig. 18.6).

Relatively few of the 30 min spatial cells mapped boast signifi cant catch rates for pri-
mary species (Fig. 18.7). The catch rates here are considerably lower than would have been 
observed at sea because the catches are expressed for the entire 30 min cells but were actu-
ally taken from a very limited area, within 20 km of the seamount. A clear expansion of 
seamount fi shing activity was visible from the 1970s even without detailed fl eet histories. 
The range of areas fi shed in the southern latitudes expanded considerably, with generally 
higher catch rates in latter decades.

Discussion

The task of estimating the global commercial catch associated with seamounts is diffi cult. 
The fi rst essential is to know the location of all possible fi shed seamounts. This is problem-
atic, and although much about seamount location can be deduced from bathymetric data, 
some seamounts are too small to show up. We have tried to include all known seamounts 
in our analysis, as well as those that can be found using a bathymetric analysis, neverthe-
less, there may be many more seamounts providing commercial catches than those we 
have included here. Indeed the location of more seamounts is known, especially by the 
world’s submariners, as well as conservation and fi shing groups, but for many reasons
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these locations are not made public (see Chapter 17). We are aware that seamounts in 
higher latitudes appear to be under-represented including some fi shed commercially south 
of New Zealand. The method we employed therefore has a possibility of being an under-
estimate, particularly as incomplete knowledge of seamount locations limits an analysis 
of overlap between seamounts and the species’ abundance distribution. For this and other 
reasons we choose to use direct estimates such as that from Clark and O’Driscoll (2003) 
when they were available. Direct estimates of the proportion of regional or national catch 
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Fig. 18.7 Global catch rates of primary seamount species by decade for 30 min spatial cells which include identi-
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410  Seamounts: Ecology, Fisheries & Conservation

taken from seamounts, or generalizations from them, therefore formed the basis for most 
of our estimates of the catch of primary seamount species, but the mapping approach was 
employed for secondary species where few direct estimates were available. Note that our 
catches appear to be lower than the estimates from Clark in Chapter 17.

Determining which species to include when reporting seamount fi sheries is also prob-
lematic. Some lists pertain to a very limited number of species from a few seamounts, but 
unfortunately, obtaining and collating this type of detailed and specifi c data is not possible 
for all locations. Further, some of the species listed do not appear in catches submitted to 
FAO and other major public data providers.

Some species such as sardines, mackerel and albacore tuna are obviously not restricted 
to seamounts, indeed, some are so abundant and widely dispersed that it would appear 
that their association with seamounts is likely to be coincidental. There is some evi-
dence, however, that the catch of even some widely dispersed small and large pelagic taxa 
such as tuna is enhanced in proximity to seamounts – a fact not missed by fi shing fl eets 
(Anthony Koslow, CSIRO, Australia, Personal Communication, 2005). It seems possible 
and even desirable then to associate some of the catch of these species to seamounts, if 
only because their presence seems to increase catches. Thus we have included a range of 
species here as secondary seamount species which may not fi t with some more restricted 
views of seamount fi sheries. To allow this additional catch to be included or ignored we 
have kept it separate in our reporting. It would appear that reporting the catch from global 
seamount fi sheries requires considerable interpretation. See also Chapter 16 for discus-
sion of the importance of tuna to small-scale seamount fi shers and their communities.

Species distribution was based on modelled taxonomic range, truncated in areas where 
the species is known to be absent even though conditions would seem to favour its pres-
ence. Nevertheless, fi sheries are not pursued in all areas of the taxonomic range even 
where this is accurate. Even where fi shing occurs it does not occur equally for a variety of 
reasons including differences in localized productivity and accessibility. Costs and logis-
tics in many offshore seamount fi sheries are critical. Our maps assume catches can occur 
wherever there is overlap between seamount locations and the distribution of the species 
considered. Though generally correct, they will have to be reviewed by experts famil-
iar with areas that are actively fi shed. Some areas of known fi shing to the south of New 
Zealand are unrepresented due to diffi culties mapping seamounts in these areas using a 
bathymetric approach. Such problems can only be resolved with better spatial knowledge 
of seamount distributions and of fi shing patterns. Accuracy would be greatly improved if 
it is possible to use fi shing grounds rather than the taxonomic range, or if maps of fi shing 
could be used in conjunction with those of the species range. One layer of the analysis 
could present where the species occurs while another, acting on that layer, would show 
where the distribution is actually fi shed that year. Modelling fi shing fl eets would appear 
to be a logical way of integrating all available information.

As our work on associating the distribution of marine animals with habitats such as 
seamounts improves (see Chapter 12a), we are likely to improve our ability to defi ne the 
degree of seamount affi nity, and indeed dependence of some commercial species for these 
habitats. Seamounts, of course, are highly variable in profi le and subject to a number 
of defi nitions. Some likely do not approach a depth where their effects are important, 
especially to pelagic species. The tops of some are so deep as to be barely within the 
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productive photic zone. Some are very isolated, while others are found in groups. Many 
aspects of their shape, arrangement and location can affect their suitability for support-
ing fi sheries. Therefore not all seamounts are equally productive for commercial fi sheries. 
Future work will characterize their productivity better, following on from work by Clark 
and O’Driscoll (2003) and others, and improve global estimates for the fi sheries they sup-
port (see Chapters 4, 5 and 14).

We have taken a simplistic approach to calculating the proportion of the global catch 
of seamount-associated species. One obvious omission is chronological changes in fi shing 
patterns. Though we have incorporated a time series for the proportion of catch of orange 
roughy and oreos, the two major primary taxa taken from seamounts annually and often 
taken as bycatch in former fi sheries, we were unable to access this information for all 
locations or for all species. Some fi sheries pursued taxa we have accepted as ‘seamount’ 
species only on the continental slope long before fl eets moved, most likely from neces-
sity, into deeper waters to take them from seamounts. Declaration of exclusive EEZs in 
the 1970s closed coastal waters to many fl eets at a time when the technology was fi nally 
available to fi nd and use deeper and distant fi shing locations such as seamounts. It was 
our intention to try and reconstruct this chronology on a fi shery-by-fi sheries basis for our 
analysis, so that our seamount proportions would refl ect these historical changes. This was 
not possible for many, but is still feasible for several major species such as orange roughy. 
Ignoring this trend is likely to have the effect of overestimating seamount catches in early 
years (pre-mid-1970s) and underestimating them in more recent years.

In an era of increasing concern about the need for fi sheries regulation on the high seas, 
and about the sustainability of deepwater/cold water species, it is important to explore 
trends in resource use. Seamounts, and the species that use them, represent a resource that 
has been discovered by fi shing fl eets, and in some cases quickly exhausted. They are often 
offshore and diffi cult to patrol even if they fall within a management jurisdiction. Because 
of the diffi culties involved, it will take many new approaches in concert to reconstruct what 
has been happening to these valuable fi sheries. Of course, catches are best put in context 
if they pertain to stocks rather than global values for a species, especially for potentially 
widely separated and potentially endangered populations. For all its weaknesses, we hope 
that our attempt can help stimulate further discussion and work including integrated plans 
to protect seamount fi shes from over-exploitation, especially on the high seas.
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Chapter 19

Impacts of fi sheries on seamounts

Malcolm R. Clark and J. Anthony Koslow

Abstract

Seamounts are the focus of many commercial fi sheries, and most of them have some impact
either on the target species, associated bycatch species, or the benthic communities and 
habitat. Longlines, gillnets, traps, and pots can all have some effect on seafl oor habitats, 
but bottom trawling is the best known for causing considerable impacts. In this chapter, we
review the effects of fi shing operations and known physical impacts on the seafl oor, 
infauna, fi nfi sh, and epibenthic invertebrate fauna. Indirect effects of fi shing, such as 
sediment re-suspension and mixing, and discharge of processing waste are also conside-
red. There are few published studies on seamounts specifi cally, but the general effects of
fi shing in other benthic habitats often apply equally to seamounts. Fishing has clear con-
sequences for the structural complexity of benthic habitats and can alter species com-
position, abundance, size structure, age composition, growth rates, reproductive output, 
and other biological parameters in the seamount ecosystem. Human-induced changes are 
likely to be more intense, and occur over a shorter time period, than natural events, espe-
cially in deepwater. Changes in the type of fi shing gear can reduce impacts, but in many 
cases the most effective option for preventing excessive damage to seamount communi-
ties is protection from bottom trawling.

Introduction

Seamounts are often sites of high productivity, and the focus of important commercial 
fi sheries based on fi sh and crustacean species that form aggregations in association with 
them (see Chapters 16 and 17, where the major target species and locations are described). 
Seamounts are generally regarded as fragile habitat, which can be readily impacted by 
heavy trawl gear (Keating et al., 1987; Rogers, 1994; Probert, 1999). The effects of trawl 
gear have long been known (see reviews by Jones, 1992; Dayton et al., 1995; Dorsey 
and Pederson, 1998; Jennings and Kaiser, 1998; Hall, 1999) but, along with a dramatic 
increase in the intensity of fi shing in the twentieth century, there has been an expanding 
scientifi c literature (e.g., de Groot, 1984; Hutchings, 1990; Collie et al., 1997; Auster and 
Langton, 1999; Hall, 1999, Koslow et al., 2001) providing evidence of changes in fau-
nal communities and habitats exposed to trawling. These studies have been carried out 
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mainly in shallow water (e.g., Wattling and Norse, 1998; Hall, 1999; Kaiser and de Groot, 
2000) and few studies have looked specifi cally at seamounts. In this chapter we evaluate 
these studies and draw widely on other research on fi shing impacts, especially in deeper 
water, which could apply also to seamounts. The fi shing activities considered are prima-
rily those aimed at demersal/semi-demersal species; pelagic fi sheries are not considered 
here directly (see Chapter 10).

First, we describe the types of fi shing gear deployed on seamounts, mainly trawls, 
with some longlines, and potting/trapping for crustaceans. Summaries and reviews of the 
effects of fi shing gear on the seafl oor are given in Johnson (2002), NREFHSC (2002), and 
National Research Council (2002). Descriptions of the various gear types may be found 
in Gabriel et al. (2005).

Fishing gear on seamounts

Bottom otter trawl gear and midwater trawl gear used on the seafl oor

Otter trawls comprise a net with a wide horizontal opening that tapers to a closed cod 
end; contact is made with the seafl oor by the trawl doors (‘Otter boards’), sweeps, bottom 
bridle, wing-end assemblies, and the groundrope and chain extensions. A groundrope is 
attached to the bottom edge of the trawl net: on rough seamount features it often consists of 
large rubber or steel discs, rollers, or bobbins, and can weigh several tonnes. The cod end
can also drag along the seafl oor. Effects on the benthos may, therefore, extend in a band 
the width of the trawl doors. Midwater trawls can also be fi shed very close to the seafl oor, 
with chains and weights actually touching the bottom. The relative severity of effects on 
the seafl oor will vary with different trawl designs and the way that the net is rigged for 
bottom contact.

Bottom longlines

Bottom longlines have a long set-line anchored to the seafl oor, often furnished with thou-
sands of hooks, weights to keep it near the bottom, and fl oats to hold it off the seafl oor. 
Bottom contact is made by the anchors, weights, and the line itself, together with snoods 
(also called gangions; short lines carrying a hook that branch off the main longline) and 
hooks, which can scrape against the seafl oor.

Sink/anchor gillnets

Gillnets are occasionally deployed on seamounts: they comprise a fl oated headline 
anchored at each end, the main webline netting, and a bottom weighted leadline, which 
can scrape the bottom. The netting is often monofi lament, making it an almost invisible 
wall in which swimming fi sh become meshed. Several nets are normally strung together 
and can be several kilometres in length.

Pots and traps

A wide variety of designs of pots and traps are deployed for crustaceans and some fi sh 
species. They are generally round or square and can be large and heavy (up to 2 m or more 
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across in the case of king crab pots in Alaska). Pots are weighted to keep them stable on 
the seafl oor.

Tangle nets

Fishing for corals on seamounts has often been carried out using tangle nets/tangle net 
dredges. This method has several confi gurations, but essentially has bunches of netting tied
onto stones or weights. This gear is towed slowly across the bottom, the coral branches 
become entangled in the mesh, and the coral base is broken off by the stone weight.

Fishing operations on seamounts

In the 1980s and 1990s there were numerous changes in the technology of fi shing that have 
had a huge effect on the success of fi sheries operating on seamounts, but have brought
serious consequences in terms of impacts on seamount habitats.

Fishing gear designed to fi sh over rough seafloor includes ‘Bobbin rigs’, which became
standard on larger vessels working offshore on seamounts (Fig. 19.1a); steel or rubber bobbins
up to 0.6 m in diameter raise the footline clear of the bottom and reduce the chance of 
damage, and also enable the rig to ‘roll’ over rocks, boulders, and other obstructions on the
seafl oor. Later, ‘Rockhopper’ gear (Fig. 19.1b) was introduced for a similar purpose, com-
prising large solid rubber discs, designed to ‘bounce’ (not roll) over protrusions. For use 
on seamounts, smaller trawl nets were developed with cut-away lower wings that reduce 
the risk of snagging on rough and hard bottom.

Possibly the greatest infl uence on seamount fi sheries has advances in navigation and 
electronic technology. The advent of global positioning systems (GPS) in the 1990s 
has meant that vessels can easily locate and position themselves over a seamount in 
the middle of the ocean with an accuracy that was hardly dreamt of a few decades ago. 
Established safe trawl lines can be worked repeatedly, and foul areas avoided. Computer 
displays update vessel position and seafl oor bathymetry from depth data that are captured 
and plotted automatically. Echosounder technology has improved considerably, and split-
beam and multibeam transducers, with scanning and net-borne sonars, have made it much 
easier to locate both seamount features, and aggregations of fi sh associated with them 
(Simmonds and Maclennan, 2005). However, the slopes of seamounts are often hard and 
rugged, and gear can readily be damaged; this problem has been addressed by the develop-
ment of net monitoring systems and automatic winch controls. Electronic sensors allow 
the optimization of multiple gear parameters, including doorspread, wingtip distance, 
depth, headline height, groundrope contact, and degree of net fullness, all giving greater 
control and greatly enhancing the effectiveness of seamount fi shing operations.

Extent of fi shing on seamounts

There are extensive fi sheries on seamounts and a large number of seamounts are, or have 
been, fi shed (see Chapters 16, 17, and 18). Although it is diffi cult to know the total number 
of seamounts that are fi shed globally, and in small areas, the effort applied to seamounts 
may be considerable.
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Around New Zealand, major deepwater fi sheries occur on seamounts for orange roughy,
oreos, black cardinalfi sh (Epigonus telescopus), and alfonsino (Clark, 1999; Clark and 
O’Driscoll, 2003). Although the fi sheries for orange roughy and oreos also occur exten-
sively on the gentle contours of the continental slope, over time they have become more 
focused on seamounts. Orange roughy catch from seamounts increased from 20% to over 
70% of New Zealand landings between the 1980s and mid-1990s (Clark and O’Driscoll, 
2003). Commercial vessels actively sought seamount features (Chapter 17; Fig. 19.2), until
over 80% of the known seamount features at orange roughy depths were being exploited 
(Clark and O’Driscoll, 2003).

Trawling intensity on individual features can be very high. Soviet fi shing effort for 
pelagic armourhead on a relatively few seamounts in the southern Emperor-northern 
Hawaiian Ridge system was some 18 000 trawler days over the period 1969–1975 (Borets, 
1975). Koslow et al. (2001) and Clark and O’Driscoll (2003) reported effort levels of hun-
dreds to several thousand trawls carried out on small seamount features in orange roughy 
fi sheries around Australia and New Zealand, and O’Driscoll and Clark (2005) recorded 
a median total tow length of trawls on seamounts of 130 km per square km of seamount 

(a)

(b)

Fig. 19.1 Trawl gear groundrope commonly used in commercial fi sheries on seamounts: (a) bobbin rig and 
(b) rockhopper (photos Malcolm Clark and Neil Bagley, NIWA).
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area. The distribution of trawl effort varies between seamounts, from locations where a 
few sites are routinely fi shed, to where more scattered trawling in all directions is evident 
(Clark and O’Driscoll, 2003; O’Driscoll and Clark, 2005).

Effects of fi shing gear

Fishing gears that contact the seabed have many different effects on the seafl oor, the ben-
thic fauna, and associated fi sh stocks.

Physical impact

The physical effects on seamount habitat of fi shing gear are generally the same as recorded 
for other habitats, and have been reviewed in a number of papers (e.g., Jones, 1992; Kaiser 
and de Groot, 2000; Johnson, 2002; Kaiser, 2002; National Research Council, 2002).

With bottom trawl gear, the trawl doors dig into the substrate, and create gouges and 
grooves (Fig. 19.3). The doors can be heavy (over 2000 kg) and are often tilted back to run 
on their trailing corner, which increases their impact. Towing speeds can be slow as the 
trawl is fi shed down-slope on the fl anks of the feature, and occasionally doors can ‘fall-
over’, crushing biota. Doors also scrape across the surface, but most of this action is by 
the sweeps, bridles, and ground gear. This can affect a distance of 100–200 m between the 
doors, depending on the length of sweeps. The trawl doors and sweeps/bridles together cre-
ate a sediment cloud, which increases the sediment load above the bottom. This in turn 
reduces light levels, and can smother small sessile animals as the sediment resettles. The 
ploughing effect of the doors and ground gear can also ‘churn’ up the bottom, re-stratifying 
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the sediment layers near the surface and mixing surface organic material with subsurface 
anaerobic conditions.

Longline and gillnets can cause damage while deploying/hauling, especially if there 
are strong currents: lines may swing about in the current, or when fi sh pull on the hooks, 
which can drag the line across the bottom. Gillnets can also move around, especially if 
meshed fi sh try to escape (NREFHSC, 2002). Corals and sponges can be damaged when 
gillnet or longline gear is hauled (e.g., ICES, 2000), for example in Lophelia beds off 
Norway (Fossa et al., 2000, 2002).

Pots and traps are considered less damaging than mobile gear because they are sta-
tionary (more or less) and contact a smaller area of seafl oor (e.g., Eno et al., 2001). In 
rough weather, especially if the buoy lines are relatively short, they tend to ‘bounce’ along 
the bottom, increasing the area of impact (Johnson, 2002). If they are linked by trotlines, 
these can further snag and damage fauna when deploying or retrieving gear.

‘Ghost-fi shing’ can occur with most gear types (Brown et al., 2005), for example when 
animals are trapped by lost gillnets or when pots become snagged on the bottom. Some 
lobster fi sheries require traps to have an escape opening that becomes available when a 
retaining device decomposes over time, creating a large opening and allowing animals to 
escape in future. Some countries routinely collect lost nets (e.g., South Korea).

The physical impact of bottom gear will depend on the type, weight, and set-up of the 
fi shing gear, but also to a large extent on the nature of the substrate and the frequency of dis-
turbance. The extensive literature on the impact on different bottom types is described and
summarized in a number of reports and papers (e.g., Dorsey and Pederson, 1998; Kaiser 
and de Groot, 2000; Johnson, 2002; National Research Council, 2002; NREFHSC, 2002; 

Fig. 19.3 Trawl door grooves on soft sediment on top of a seamount (photo courtesy of NIWA).
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Thrush and Dayton, 2002). Harder substrates (e.g., gravel, cobble, boulders) were often 
viewed as more susceptible to effects of fi shing than softer ones (e.g., sand, mud). The 
degree of gouging and sediment re-suspension may be less on hard bottom, but the scrap-
ing effect can be more severe for sessile erect fauna, which may only occur on the exposed 
hard bottom. Stability of substrate is also a factor. Fauna on stable substrates (such as mud, 
gravel, coral) are more adversely affected by bottom contact than those on less consoli-
dated coarse sediment (e.g., sand) (Collie et al., 2000). Kaiser and Spencer (1996a) and
Kaiser et al. (1998) also found the effects of trawling less in mobile sediments. Sediment 
stability can be affected by the removal of larger epibenthic fauna where such animals as 
corals, sponges, polychaetes can act to stabilize the sediment at the seafl oor surface.

Substrate type can be highly variable on seamounts. Multibeam and photographic sur-
veys on several New Zealand seamounts revealed a patchy mosaic of sediment composi-
tion (e.g. Rowden et al., 2005). Koslow et al. (2001) found considerable variability both 
within and between seamounts off Tasmania. In general, the sides have thin layers of soft 
sediment because of the slope, and current movement, but the areas around the summit 
and bases can have extensive areas of soft bottom. This means that the impact of trawl 
gear can vary in different parts of the seamount.

Effects on infauna

In areas of seafl oor with soft sediment, much of the biodiversity is to be found in the 
top 5–8 cm of the sediment (Giere, 1993). Gear that digs into the sediment can clearly 
have an impact through direct crushing of buried fauna, compacting the substrate through 
increased weight, or, conversely, by stirring up the sediment, dislodging animals, and later 
leaving a suspended sediment cloud that slowly settles.

Bottom trawl gear exerts considerable downwards pressure on the substrate due to the 
weight of the ground gear and net. We are not aware of any work measuring the depth of 
penetration of the ground gear into the superfi cial sediment with the type of fi shing gear 
used on trawlers working offshore seamounts. The gear itself can vary considerably, 
depending on the size of the vessel, as can the physical nature of the seamount (whether 
hard and rough, or relatively smooth and ‘trawl-friendly’). Studies on beam trawls in Europe 
(Fonteyne et al., 1998) indicate a direct effect of 3–4 cm, although this is affected by the size 
of the trawl and weight of tickler chains rigged. Other studies have suggested penetration to 
at least 6 cm (Bergman and Hup, 1992). Otter trawls (of the type used in the Nephrops fi sh-
ery) were observed to have less physical effect, although damage to burrow entrances may 
have an impact. Infaunal bivalves (e.g., Arctica islandica) and heart urchins (Echinocardium
spp.) have been shown in several studies to suffer high mortality from repeated trawling 
(e.g., summaries in Lindeboom and de Groot, 1998; Hall, 1999). The effects may vary 
depending upon the depth and hydrographic conditions on the seamount.

Effects on epifauna

The effects of bottom fi shing gear on epifaunal fi sh and invertebrates living on or near the 
seafl oor of seamounts are much better documented than for infauna. These include major 
depletions of target species and populations and changes in community composition.
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Target fi sh stocks

The history of commercial fi shing operations on seamounts is generally one of ‘boom and 
bust’ (see Chapter 17). The biological characteristics of many seamount-associated fi sh 
species makes them vulnerable to heavy exploitation (see Chapter 9), and they are poor 
candidates for large-scale commercial fi sheries (see Chapter 17).

Finfi sh fi sheries
Pelagic armourhead (Pseudopentaceros wheeleri) were not well known until 1967, when 
Soviet trawlers discovered large aggregations on seamounts in the southern Emperor 
Seamount Chain, northwest of the Hawaiian Islands, where adults aggregate to spawn. 
They live on the seamounts permanently during the last years of their lives, making them 
extremely vulnerable to serial depletion, whereby the fi sh that live on each seamount can 
be heavily fi shed and depleted in turn. Soviet trawlers, later joined by Japanese vessels, 
landed between 50 000 and 200 000 t of armourhead from the seamounts each year (Borets, 
1975; Sasaki, 1986). After 10 years, and over 800 000 t of cumulative catch, the fi shery
was all but gone (Chapter 17; Koslow, 2007): the fl eet then shifted its focus to alfonsino 
(Beryx splendens) (Sasaki, 1986).

Orange roughy off New Zealand and Australia are also well-known seamount-based 
fi sheries that have been overexploited. Fishing for orange roughy on the New Zealand 
continental slope dates from the mid–late-1970s, with rapid expansion to a number of 
fi shing grounds in the 1980s (Clark, 1995). As some stocks became fully or overexploited, 
active exploration for new areas often involved searching for seamount features, which 
were found throughout the exclusive economic zone (EEZ) and beyond (Clark, 1999; see 
Chapter 17). The catch from seamounts peaked at over 70% of the total New Zealand 
orange roughy catch in 1994 (Clark and O’Driscoll, 2003), and has since been relatively 
stable at about 60% (O’Driscoll and Clark, 2005). Many fi sheries targeting seamount 
stocks showed strong signs of serial depletion, moving from one seamount to another 
(Clark, 1999), and most stocks were driven to low levels within 10 years or less of the 
fi shery development (Clark, 2001; Francis and Clark, 2005). Off Australia, there has been 
a similar picture of rapid development, several years of large catches, and then strong 
decreases as stocks have been depleted. The main Australian stock around Tasmania was 
fi shed from the mid-1980s, but catches increased rapidly with the discovery of spawning 
aggregations in 1989. The fi shery was almost unregulated for a short time, and catches 
exceeded 40 000 t in 1990 from the one stock. Management appeared to be working for 
a while with catch limits matching catch (Koslow et al., 1997), but by the late 1990s the 
stock was estimated to be as low as 10% of its original size (although estimates varied 
depending upon assumptions; Bax, 2000; Koslow, 2007). This story has been repeated 
with a seamount (‘Hot Spot’) stock off Namibia (Branch, 2001).

Two species of oreosomatids are also fi shed around New Zealand on the continental
slope and seamounts. Black oreo (Allocyttus niger) and smooth oreo (Pseudocyttus macu-
latus) are both targeted and taken as bycatch in fi shing for orange roughy, and average 
annual landings have been about 20 000 t. Around 50% of the New Zealand catch of both
species combined is taken from seamount features (Clark and O’Driscoll, 2003). Com-
mercial catch per unit effort in the main fi shery area containing seamounts on the Chatham
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Rise decreased for both species during the 1980s, and through the 1990s for black oreo, 
but not for smooth oreo which has stabilized (Sullivan et al., 2005). Although the overall 
stock on the Chatham Rise does not appear to have been overexploited, several smaller 
stocks on seamounts elsewhere (e.g., Puysegur Bank) have seen strong declines in catch 
rate to very low levels (McMillan et al., 2002).

Seamount fi sheries may last even shorter periods of time than experienced with pelagic 
armourhead and orange roughy stocks. Catch rates of rockfi sh (Sebastes spp.) off Cobb 
Seamount were reported to decline rapidly to 25% after 1 year, and fi sh size also decreased 
(Sasaki, 1986). Pink maomao (sea bass, Caprodon longimanus) also showed rapid declines 
in stock size on seamounts in the northern Tasman Sea. Japanese analyses of catch and effort 
data suggested that fi shing by one trawler over a 6-week period, with catches of 1000 t, may 
have depleted the stock to one-sixth its original size (Sasaki, 1986). Soviet fi shing for alfon-
sino on the Corner Rise seamounts in 1976 is also thought to have depleted the stock sub-
stantially, and catches the following year were poor (Vinnichenko, 1997; see Chapter 17).

Small-scale artisanal fi sheries on seamounts, however, can be sustainable (see Chapter 16).
Fisheries in the South Pacifi c for oilfi sh (Ruvettus pretiosus) and in the North Atlantic 
around Madeira for the black scabbardfi sh (Aphanopus carbo) were carried out by hand-
longlining for centuries, although are now changing with the introduction of modern fi sh-
ing methods (see accounts in Merrett and Haedrich, 1997; Chapter 16).

Invertebrate fi sheries
Similar problems occur with invertebrate fi sheries. Rock lobster (Jasus tristani) was 
discovered on Vema Seamount off the west coast of southern Africa in the early 1960s, 
and a fi shery rapidly developed (Simpson and Heydorn, 1965). The stock was depleted 
in the mid-1960s, and although research showed no recovery by 1979 (Lutjeharms and 
Heydorn, 1981a), a commercial fi shery did re-establish briefl y in 1980, but the stock was 
once again quickly overexploited (Lutjeharms and Heydorn, 1981b).

Coral fi sheries have shown a similar boom-and-bust pattern. The best known example 
from seamounts is the extraction of red coral (Corallium secundum) from the Emperor 
Seamount Chain in the western Pacifi c. Japanese fi shers discovered a large bed of this 
coral at about 400 m in 1965, and together with Taiwanese vessels, the fi shery expanded 
to a peak of 150 t in 1969 (Grigg, 1993). Most vessels used various types of tangle net 
dredge (see above), although in shallow water SCUBA is used, and off Hawaii, submersi-
bles selectively harvest coral. Catches fell until 1978 when a new species of Corallium
was found in abundance at depths of 900–1500 m on the Emperor seamounts. Over 100 
coral boats were involved in this fi shery, with catches of almost 300 t in 1981. Fisheries 
have occurred on other seamounts in the area, such as Hancock seamount, but catches 
have generally been small. Exploration, discovery, exploitation, and depletion characte-
rize these fi sheries (Grigg, 1989). Most of the species involved are slow growing, and 
have low rates of recruitment which makes them vulnerable to overfi shing. Exploration 
still continues, as shown by surveys of Cross Seamount (Grigg, 2002), but coral exploita-
tion is now more carefully managed.

King crab (Paralithodes camtschaticus, P. platypus, Lithodes aequispinus, L. couesi),
snow crab (Chionoecetes opilio), and tanner crabs (C. bairdi, C. tanneri) occur on 
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seamounts in the Gulf of Alaska (Hughes, 1981), although the fi sheries operate mainly 
on the continental shelf and slope, or on the slope around offshore islands. The resources, 
and their fi sheries, fl uctuate widely. There were two major collapses of the king crab fi sh-
ery, off Kodiak in 1969, and in Bristol Bay in 1982, apparently due to a combination of 
heavy fi shing (Dew and McConnaughey, 2005) and changing environmental conditions 
(Witherell and Harrington, 1996). As with other seamount fi shes, crab stocks appear vul-
nerable to localized depletion.

It is evident from these examples that seamount fi sheries pose some major manage-
ment problems. The formation of aggregations, either permanent, or seasonally associated 
with spawning or feeding, makes several deepwater species commercially attractive, yet 
most of them have low productivity and hence low sustainable yields (see Chapter 9). 
Overexploitation is the norm, even where there have been active management regimes 
and research activities.

Non-target fi sh bycatch

A large number and variety of fi sh and invertebrate species may be caught in bottom 
trawling operations on seamounts (see Chapter 9; Parin et al., 1997; Koslow and Gowlett-
Holmes, 1998; Grandperrin et al., 1999; Fock et al., 2002; Clark and Roberts 2003; Moore 
et al., 2003; Tracey et al., 2004). Fluctuations and shifts in bycatch composition over time 
with heavy fi shing have been shown in a number of major fi shing areas, such as Georges 
Bank and the North Sea, although fi ndings have varied for different fi sh communities 
(e.g., Greenstreet and Rogers, 2000). Trawling on seamounts, as elsewhere, results in a 
decline of all associated species, although over time some species may show an increase. 
For example, off New Zealand, rattails and dogfi sh have increased in some orange roughy 
fi sheries, although the reasons are unknown (Clark et al., 2000b; Livingston et al., 2003).

Although seamount communities can be composed of many species, seamount trawl 
fi sheries can be relatively ‘clean’ in terms of bycatch when they target aggregations. 
Using observer data, Clark et al. (2000a) and Anderson et al. (2001) found the bycatch of 
non-target fi sh species to be 5–10% of catch in deepwater fl eets fi shing for orange roughy 
and oreos. Similarly, about 5% was recorded in an orange roughy fi shery on seamounts 
south of Tasmania (Anderson and Clark, 2003), where oreos (Oreosomatidae), rattails 
(Macrouridae), and dogfi shes (Squalidae) were the main bycatch. The bycatch of sharks in 
seamount trawl fi sheries can be much less than in longline fi sheries (e.g., Gordon, 1999).

Benthic invertebrates

Bottom trawling and dredging commonly reduce habitat complexity and invertebrate bio-
diversity (e.g., Sainsbury, 1987; Auster et al., 1996; Collie et al., 1997; Cryer et al., 2002), 
where benthic invertebrates comprise unwanted bycatch (e.g., Jennings and Kaiser, 1998; 
Hall, 1999; Kaiser and de Groot, 2000; Johnson, 2002). Stocks (2004) noted a high pro-
portion of ‘emergent’ sessile upright epifauna extending above the seafl oor on seamounts, 
such as corals, sponges, anemones, and crinoids. These animals are more vulnerable than 
organisms found on the softer sediments that characterize the general expanses of shelf, 
slope, and abyssal plain.
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Corals, sponges, and other sessile suspension feeders often dominate benthic communi-
ties on continental margins, canyons, mounds, and other environments where currents are
accelerated (Freiwald et al., 2004). The impacts of fi shing activities, mostly trawling but 
also longlining and gillnetting, have now been documented on a wide range of such com-
munities. Between 30% and 50% of the Lophelia reefs off the coast of Norway, the most 
extensive in the world, have been partially or totally damaged by trawling (Fossa et al.,
2002). Impacts on Lophelia reefs have also been observed from trawl grounds to the west 
of Scotland (Roberts et al., 2000), off western Ireland (Hall-Spencer et al., 2002), and 
in the northern Rockall Trough (ICES, 2002, 2003) (see Chapter 9). In the Northwest 
Atlantic, a video survey of the Northeast Channel between Georges and Browns Banks 
recorded trawl damage to gorgonian corals (Paragorgia arborea, Primnoa resedaeformis,
and Acanthogorgia armata) on 29% of transects (Mortensen et al., 2005). Oculina reefs 
off Florida have been extensively damaged by trawling, even after designation as pro-
tected areas (Reed et al., 2005). In the North Pacifi c, substantial gorgonian coral and 
sponge bycatch is recorded from trawling within the coral and sponge ‘garden’ habitat 
along the Aleutian Islands (Shester and Ayers, 2005) and on unique hexactinellid sponge 
reefs in British Columbia (Ardron, 2005). Many corals and sponges are long lived and 
slow growing, meaning their recovery from trawling is slow (see Chapter 8; Wilson, 1979; 
Hall-Spencer et al., 2002; Tracey et al., 2003).

The impacts of trawling on the benthic fauna of seamounts have been studied most 
intensively off Australia and New Zealand, where large deepwater fi sheries for species 
such as orange roughy have raised concerns about the effects of bottom trawling. Koslow 
and Gowlett-Holmes (1998) and Koslow et al. (2001) used a towed camera sled and 
epibenthic sled to survey the benthic macrofauna of a group of small seamounts south of
Tasmania, Australia that were being, or had been, extensively trawled in the orange roughy 
fi shery. The seamounts are relatively small, with elevations of 300–600 m, at depths
from 660 to 1700 m. There were strong differences in faunal composition and distribu-
tion on fi shed and unfi shed seamounts. Corals, especially the reef-building Solenosmilia
variabilis, dominated the unfi shed or lightly fi shed seamounts at moderate depths, urchins 
the deeper seamounts, while shallower heavily fi shed sites were relatively depauperate. 
Fished seamounts typically had half the species and hosted a 7-fold lower biomass of 
benthic invertebrate species (Table 19.1). Although the depth distributions of fi shed and 
unfi shed seamounts were not identical, the contrast in faunal community composition 
was so strong that trawling was deemed responsible, in particular by stripping coral cover 
from the seamounts.

A similar ‘compare and contrast’ study was carried out on the Chatham Rise off New 
Zealand in 2001 (Clark and O’Driscoll, 2003; Rowden et al., 2004), an area heavily
trawled for orange roughy since the early 1990s. Half of the eight study seamounts (peaks 
750–1000 m) were considered ‘unfi shed’ (less than 10 trawls) and the other ‘fi shed’ (40–
1500 trawls). Benthic macroinvertebrates at each seamount were sampled using towed 
camera and epibenthic sleds, and the presence of habitat-forming fauna (e.g., live cor-
als), substrate type, and indications of trawling (e.g., trawl door marks) were noted. 
Fisheries catch-effort data were examined to determine the amount and distribution of 
bottom trawling effort. Results showed the benthic communities of ‘fi shed’ and ‘unfi shed’ 
seamounts were signifi cantly different; ‘unfi shed’ seamounts possessed a relatively large 
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amount of live coral habitat comprising S. variabilis and Madrepora oculata (predom-
inantly on the peaks), whilst ‘fi shed’ seamounts possessed relatively little coral habitat 
(Figs. 19.4 and 19.5) and bore six times more physical indications of trawling, in direct 
relation to the amount of effort on individual seamounts (Clark and O’Driscoll, 2003). 
Multivariate analyses revealed that the variability observed in macroinvertebrate assem-
blage composition between the study seamounts could in part be explained by the relative 
occurrence of live coral and coral rubble, both structural habitats, although the differences 
in species diversity between fi shed and unfi shed seamounts were not as marked as found 
by Koslow et al. (2001).

Probert et al. (1997) examined the invertebrate bycatch on small seamounts of the 
northeastern Chatham Rise during a research survey using commercial trawl gear. They 

Table 19.1 Comparison of mean sample weight and number of species from lightly and 
heavily fi shed seamounts off Tasmania (from Koslow et al., 2001).

 Lightly fi shed (n 	 11) Heavily fi shed (n 	 11)

Biomass (kg)  7.0 (�5.8) 1.1 (�3.4)
Number of species 20.1 (�3.6) 8.7 (�6.3)

Fig. 19.4 Distribution of live coral cover on four seamounts off the east coast of New Zealand. The upper panels 
are fi shed seamounts, the lower panels are unfi shed. The crosses indicate the position of camera stations, and the 
expanding symbols show the relative amount of seafl oor in the image that is covered by coral (based on Clark 
and O’Driscoll, 2003).
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found differences in species composition and abundance between the seamounts and 
adjacent slope (soft sediment), and between two seamount groups. However, no specifi c 
results could be attributed to fi shing.

Anderson and Clark (2003) analysed observer data from vessels in the early years of 
a new orange roughy fi shery on seamounts of the South Tasman Rise. In the fi rst year 
of fi shing an estimated 1750 t of coral was taken in an orange roughy catch of 3900 t. 
The amounts of coral bycatch subsequently declined, thought to be a combination of a 
decrease in abundance as it was removed from the seafl oor and a response by vessel skip-
pers to avoid areas of coral abundance due to net damage.

The Australian and New Zealand studies described above have inferred that diffe-
rences in benthic invertebrate communities were caused by fi shing. Comparing fi shed with 
unfi shed areas of similar habitat characteristics is a common approach in impact studies
(e.g., Riemann and Hoffman, 1991; Collie et al., 1997), but results are less defi nitive 

(a)

(b)

Fig. 19.5 Seafl oor images from a (a) heavily fi shed seamount and (b) lightly fi shed seamount off the east coast of 
New Zealand (photos courtesy of NIWA).
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than comparing benthic communities before-and-after experimental trawling or dredging 
in areas not commercially fi shed (e.g., van Dolah et al., 1987; Sainsbury, 1988; Thrush 
et al., 1995; Kaiser and Spencer, 1996b; Sainsbury et al., 1997).

Indirect effects of fi shing gear

Indirect and less well-known fi shing gear effects include sediment re-suspension, changes 
in chemical composition of the substrate, and offal and bycatch discard from fi sh process-
ing. Re-suspension of sediments occurs as fi shing gear is dragged along the seafl oor, 
reducing the amount of light available for photosynthetic organisms, burying and smoth-
ering benthic biota, and affecting feeding and metabolic rates (Johnson, 2002). Alteration 
and redistribution of sediments across large areas can occur (e.g., Black and Parry, 1999), 
with implications for fauna that are restricted to a certain habitat. Effects of sediment 
re-suspension are site specifi c and depend strongly on substrate type. Where seamounts 
are offshore and deep, storm stresses may be relatively weak, and trawling may be the pri-
mary source of suspended sediment (Churchill, 1989). Rogers (1999) found that relatively 
small amounts of sediment settling on the bottom can smother small cold water corals like 
Lophelia pertusa and prevent expansion or recovery of the colony. This could also occur 
with similar coral genera such as Solenosmilia and Goniocorella, which are common on 
southern hemisphere seamounts (Cairns, 1995; Freiwald et al., 2004).

There is no information for seamounts on the mixing of sediments and overlying water, 
but this can alter their chemical makeup of the sediment and have considerable effects 
in deep stable waters (Rumohr, 1998). Chemical release from the sediment can also be 
enhanced, as shown for phosphate in the North Sea, although this was offset to an extent 
by lower fl uxes following trawling (ICES, 1992).

Discharged processing waste from factory trawlers (e.g., heads, guts, frames), as well 
as whole fi sh that are lost or discarded at the surface, can affect other animals. Seabird 
populations (which can be associated with seamounts; see Chapter 12C) can benefi t 
substantially from foraging on offal and discards (e.g., Camphuysen et al., 1993; 
Furness, 1996): seabirds consumed about 50% of discards in the North Sea (Camphuysen 
et al., 1993). The remainder sinks to the seabed where it becomes available to mid-
water and benthic predators and scavengers. The attraction of both seabirds and marine 
mammals (in particular seals) has become an important issue worldwide. Although they 
may benefi t from increased food, they are also at risk from lines, hooks, and wires, and 
can drown when trapped in trawls or taking bait or catch off longline hooks. For exam-
ple, sperm whales take blackcod (Anoploma fi mbria) off longlines on Canada’s west 
coast (Anon, 2006), and killer whales and colossal squid strip toothfi sh off lines in the 
Antarctic (Oliver, 2003; Kock et al., 2005). This predator attraction is an on-going pro-
blem for responsible fi sheries, leading to devices such as bird-scarers, seal-exclusion 
grids, and regulations on offal discharge. Such discharge can reach the seafl oor at con-
siderable depths. Offal from a New Zealand fi shery for hoki (Macruronus novaezelan-
diae) could reduce oxygen levels at 800 m depth (Livingston and Rutherford, 1988) and 
alter community composition (Grange, 1993). Hence, if factory trawlers remain over a 
seamount while processing, there could be such an effect depending upon depth and cur-
rent fl ows affecting the descent and scattering of the offal.
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Effects on seamount community structure

Dramatic shifts in fi sh community composition with heavy fi shing are commonly reported 
(e.g., Hempel, 1978; Daan, 1980; Grosslein et al., 1980; Gulland and Garcia, 1984; Pauly, 
1988; Fogarty and Murawski, 1998), and shallow-water studies have shown that inten-
sive trawling may alter benthos population and community structure for long-time periods 
(e.g., Rumohr and Krost, 1991; Hall et al., 1994). Seamount fi sheries may reasonably be 
expected to cause changes in structural complexity, biodiversity, endemism, size structure, 
trophic relationships, and genetic composition.

Structural complexity

Many long-lived epifaunal animals perform a structural role within benthic communi-
ties, providing a microhabitat for other species (e.g., Nalesso et al., 1995). The loss of 
such structures can affect survivorship and re-colonization of associated fauna and has 
prompted analogies with clear-cutting of forests on land (e.g., Wattling and Norse, 1998; 
Wattling, 2005). Probert et al. (1997) observed that corals were relatively abundant on hill 
features of the Chatham Rise compared with surrounding ‘fl at’ slopes, and proposed they 
had an important role in increasing the complexity of benthic habitat: trawling damage 
would consequently depress local biodiversity. Both Australian (Koslow et al., 2001) and 
New Zealand (Clark and O’Driscoll, 2003; Rowden et al., 2004) studies have attributed 
differences in species number and composition between fi shed and unfi shed features to 
reduction of large structure-forming corals.

Colonies of cold water corals like L. pertusa and Goniocorella dumosa provide 
niches for many animals including fi shes, other scleractinians, stylasterids, bryozoans, 
stoloniferans, sponges, polychaetes, ophiuroids, asteroids, bivalves, gastropods, crabs, 
and anemones (e.g., Cairns, 1995; Fossa et al., 2000; Krieger and Wing, 2002; Freiwald 
et al., 2004): Rogers (1999) recorded over 850 species found in association with beds of 
L. pertusa.

Disturbance can cause dominant species to alter from large sessile types (e.g., corals, 
hydroids, sponges) to small, fast growing, opportunistic colonizing species, scavengers, 
and juveniles: on Chatham Rise fi shed and unfi shed seamounts were distinguished in this 
way (Rowden et al., 2004) and by differences in the relative frequency and abundance 
of scavenging gastropods, which may benefi t from regular bottom disturbance. Clark and 
Hill (2001) reported higher abundance of pagurid crabs on trawled sections of a small 
seamount off the east coast of New Zealand.

Fishing activities provide two main sources of food for benthic scavengers: fi rst from 
discards, bycatch, and offal that sink to the seafl oor; and secondly from towed gear that 
digs up, damages, or displaces benthic fauna in the path of the gear. Scavengers of bathyal 
communities are likely to include lysianassid amphipods, isopods, decapod crustaceans, 
polychaetes, and various fi sh (Britton and Morton, 1994). They provide pulses of organic 
matter to localized areas of the seabed, and scavengers can move considerable distances 
to take advantage of this important source of food in the deep sea (Dayton and Hessler, 
1972). A number of studies have demonstrated an increase in fi sh density following trawl-
ing (e.g., Hall et al., 1993; Kaiser and Spencer, 1994, 1996b; Demestre et al., 2000), 
although the duration of a response can be short lived (Demestre et al., 2000), affected 
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by the extent of continued trawling (Ramsay et al., 2000), and it can be quite different for 
similar species (Ramsay et al., 1996). Switches in diet can accompany increased feeding 
on trawled grounds (e.g., Hughes and Croy, 1993; Kaiser and Spencer, 1994).

A reduction in the age composition and size structure of species may occur with fi shing. 
Trawl gear can be size selective, and larger, older fi sh are often taken more than smaller 
younger fi sh. The result is a reduction in the size and age spectra of exploited populations 
(Royce, 1972; Haedrich, 1995; King, 1995; Rice and Gislason, 1996; Large et al., 1998). 
Community structure can change to dominance by species or size classes that turn over 
faster and consume smaller prey (Merrett and Haedrich, 1997; Christensen, 1998; Pauly 
et al., 1998). Increased growth rates have been observed with some species (e.g., sole; 
Millner and Whiting, 1996). Reproductive output can be reduced, with lower fecundity 
and viability of eggs (Berkeley et al., 2004). Trophic relationships also change with a shift 
in community structure, as predator–prey balances change (Fogarty and Murawski, 1998; 
Jennings et al., 2001). An increase in piscivorous predators in the Georges Bank ecosystem 
is thought to impede recovery of depleted groundfi sh (Fogarty and Murawski, 1998).

There do not appear to be any empirical studies on the impact of deepwater fi sheries on 
predator or prey populations of the target species. However, changes in the fi sh biomass 
aggregated over seamounts likely affect local prey abundance (see Chapter 15; Koslow 
et al., 2000). Species such as pelagic armourhead and orange roughy require production 
from an area 10 times larger than their home range (Tseitlin, 1985; Koslow, 1997), so that 
reduction of their biomass may increase prey abundance (Clark et al., 2000b).

The balance of effort between various gear types can affect changes in community 
composition. Philippart (1998) found that otter trawlers in the southeastern North Sea 
caught relatively more fi sh than invertebrates, while beam trawlers caught proportionately 
more invertebrates.

The selectivity of fi shing can also lead to long-term changes in community compo-
sition and characteristics. Body size and shape, age composition, maturation, reproduc-
tive rates, growth rates, and behavioural traits all come under selective pressure through 
exploitation (Law, 2000; Law and Stokes, 2005). Genetic changes have been thought 
likely, but diffi cult to prove (Nelson and Soule, 1987) although evidence is now increas-
ing that loss of genetic diversity can be caused by fi shing (Hauser et al., 2002; Hutchinson 
et al., 2003; Law and Stocks, 2005). Smith et al. (1991) reported a loss of genetic diver-
sity in several New Zealand orange roughy populations and attributed this to fi shing pres-
sure and a heavy reduction in the biomass of the fi sh.

Substrate type and gear design are two important elements determining the nature and 
extent of bottom trawling impacts on benthic fauna. On hard bottom, results from single 
tows have been mixed. Tilmant (1979) reported very high damage to stony corals caused 
by shrimp trawling (80% crushed or torn loose), sponges (50%), and soft corals (38%). 
In contrast, Van Dolah et al. (1987) noted damage to individuals of most species immedi-
ately after trawling, but only one species (a barrel sponge) showed a marked decrease in 
density. Research off Alaska by Freese et al. (1999) showed a 40–90% decrease in density
for sponges and anthozoans after trawling. In work off eastern Australia 5–20% of the 
fauna was removed with each trawl, and after 13 tows 70–90% of the initial benthos was
gone (Burridge et al., 2003). These studies together indicate that, depending on the ground 
gear used, a single pass with a trawl may not have a devastating effect, but repeated trawl-
ing can strip areas severely.
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Endemism

Following the initial work of Wilson and Kaufman (1987), high levels of endemism have 
been recorded on some seamounts (endemism is here defi ned as species found on only one
seamount, or a seamount chain; see Chapters 7 and 13) with values ranging from less 
than 5% to over 50%. It is diffi cult to generalize, given that in many areas sampling has 
been inadequate to capture many macrofaunal groups, the number of seamounts sampled 
may have been small, and there was little or no sampling of the area of surrounding slope 
(see Chapter 7). Nevertheless, if endemism is a signifi cant feature of seamounts, local-
ized intensive fi shing pressure can have a severe impact on species adapted to an iso-
lated structure. These species may have limited ability to recruit eggs/larvae over large 
distances, and their growth and reproductive rates might also be low.

‘Relict’ faunas – lineages previously thought long extinct – have also been discovered on 
seamounts (see Chapters 7, 8, and 13; Kelly and Rowden, 2001; Schlacher et al., 2003). In 
the same way as endemic species can be vulnerable to fi shing pressure because they are so 
localized, these relict faunas can also be signifi cantly affected by fi shing activities.

Impacts of fi shing gear on the benthic substrate and sessile fauna are readily appreci-
ated, but longer term effects on ecosystem productivity are diffi cult to evaluate. Jennings 
et al. (2001) estimated a 75% reduction in overall infaunal productivity on fi shed grounds
compared with unfi shed, even though production per unit biomass was greater in the 
fi shed areas because of the shift to smaller organisms. Seamounts are known to be sites of 
fi sh spawning, but many do not appear to be nursery grounds for small fi sh. Adult orange
roughy, for example, still return to the seamounts for spawning during winter months, 
and so habitat changes have not obviously affected adult behaviour. However, nothing 
is known of benthic–pelagic interactions and linkages, and there may be longer term 
changes. Tuck et al. (1998) undertook a 3-year study documenting changes between 
fi shed and unfi shed benthic infauna. Initially they observed only changes in the relative 
abundance of species, and it took over a year for total species richness to start to decline 
in the trawled areas.

Natural vs fi shing disturbance

Natural physical disturbances can infl uence benthic fauna; these include storms, hurricanes,
landslides, ice scour, low-salinity excursions, and large temperature changes (Witman, 
1998). Storms increase wave-induced water motion and can dislodge organisms when 
the hydrodynamic forces exceed the attachment strength of animals such as sponges, cor-
als, echinoderms, mussels, and ascidians. Severe storms can literally scour 10s of square 
metres, but are rare events. Generally these effects are uncommon at depths greater than 
30 m (Riedl, 1971). Monitoring of sites in the Gulf of Maine over a decade showed few 
effects of storms at these depths (Witman, 1998). Most offshore seamounts that are fi shed 
commercially have summit depths greater than 50 m, and so natural effects of weather are 
unlikely to be signifi cant. In areas of high latitude, seamounts may be affected by iceberg 
scour, which can be a major natural occurrence to depths of 500 m (Barnes and Lien, 1988).

Natural changes in community composition or density can also occur through biological 
disturbance. Predation by sea stars, sea urchins, nudibranchs, and other larger mobile ani-
mals can strip patches of mussels, algae, corals, and sponges (Witman, 1998), but little is 
known about such impacts on seamount fauna. Fish aggregations can have a localized effect 
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(e.g., cod on polychaetes and amphipods; Witman and Cooper, 1983), but most seamount 
fi shes are not benthic predators (see Chapters 9 and 14).

The community structure of many habitats refl ects the occurrence of natural ‘interme-
diate events’ such as large storms that occur infrequently. Stable habitats, which are not 
much affected, tend to have climax communities with successful competitors dominating 
the fauna (Field, 2005), a situation that appears appropriate for deep offshore seamounts 
in the absence of fi shing. The effects of external physical disturbance may be greater in 
these environments where communities are not adapted to frequent natural perturbations 
(Rogers et al., 1998).

Active volcanism can have a substantial impact, with the destruction of hydrothermal 
vent communities documented on the East Pacifi c Rise at 9° N (Haymon et al., 1993). 
Unlike sites impacted by terrestrial volcanism, sites of submarine volcanism and venting 
are re-colonized within a few years by vent organisms, such as tubeworms, as observed 
at the 9° N site and at Axial Seamount on the Juan de Fuca Ridge (van Dover, 2000). 
The impact of volcanoes and the recovery of more typical coral-dominated seamount 
faunas are not known. In the New Zealand region, Rumble III and Monowai seamounts 
have recently undergone eruptions, with strong physical effects on the shape and struc-
ture of the seamount. The absence of before-and-after surveys means there is no record of 
changes in faunal composition or distribution, but a large sector of Monowai Seamount 
completely slumped, which must have buried or displaced most of the fauna living on the 
fl anks of the volcano. The tsunami on Boxing Day 2004 in the Indian Ocean also likely 
had considerable effects at depth, although recovery from an earlier tsunami in the region 
was reported to be quite rapid (BCN, 1999).

Climate change, with the global effects of sea-level rise making the seafl oor relatively 
deeper, an increase in water temperatures, and the slow acidifi cation of the oceans, will 
undoubtedly have a slow impact on seamount communities over future decades. However, 
for the same reasons that fi sh aggregate in a localized area, so too do fi shers concentrate 
their effort in fi nding and fi shing seamounts leading to higher levels of disturbance from 
fi shing than from any natural cause.

Methods of reducing impacts

The challenge of reducing the impact of fi shing gear is not specifi c to seamounts as it is 
a major concern around the world in most habitats. Seamounts are especially problematic 
because of sessile fauna like corals and the low productivity of many deepwater seamount 
species. Impacts can be reduced through modifi cation to fi shing gear and by the applica-
tion of management measures (see Chapters 14 and 20). Bottom trawls are the principal 
cause of damage. Various technical modifi cations can reduce bycatch, including changes 
in mesh size, the use of separator panels, sorting grids, various types of mesh, and escape 
openings (Van Marlen, 2000; Kennelly and Broadhurst, 2002). Such changes have been 
proven effective in reducing bycatch/non-target catch in many fi sheries.

Reducing the impact on benthic animals, sessile invertebrates in particular, is more dif-
fi cult. Corals and sponges are fragile structures; video footage from New Zealand shows 
coral being easily damaged by a relatively light towed camera frame. Replace that with a 
bottom trawl rig weighing several tonnes and there is little question of the damage that can 
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be done. Changing gear type may be an option in some fi sheries. If the shape and nature 
of the seamount allows, then use of midwater gear close to the bottom may be effective in 
catching some species such as alfonsino or armourhead. However, experience has shown 
that this approach does not work with orange roughy. In addition, midwater trawling on 
steep-sided seamounts, or where the bottom is rugged and uneven, causes expensive net 
damage. Replacement of trawling with a line fi shery does not work for orange roughy, 
although it could be a management option for some seamount fi sheries.

If gear type cannot be changed, then the groundrope could be lightened, trawl doors 
balanced (weight distribution less concentrated on the lower part of the door) so they do 
not dig in as much, and sweeps shortened so the trawl covers less area. The use of catch 
sensors when towing into aggregations can also help reduce tow times, as hauling can 
begin as soon as the catch is large enough, rather than towing for longer. Design of the 
ground gear should also be investigated. In some deepwater fi sheries (e.g., orange roughy) 
there has tended to be a shift from bobbin rigs to rockhopper gear, which is generally 
lighter being designed to drag and bounce, rather than roll. Its impacts may differ, but 
may not necessarily be reduced. The likely application of such methods will vary with 
target species and seamount, and operationally may entail a trade-off between reduced 
bottom impact and catch rate of the fi sh species.

Closure of seamounts and other cold water coral habitat to fi shing has proved the most 
effective means to reduce impacts. Marine protected areas and other forms of closure have 
now been instituted off Norway and for the Darwin Mounds in the Northeast Atlantic, 
with similar protection being sought for seamounts off the Azores and Madeira, as well as 
Bowie Seamount off Canada’s west coast (see Chapters 16 and 17). Some NE Atlantic gor-
gonian coral and Lophelia grounds have been closed to fi shing in the Canadian Atlantic, 
and Oculina reefs off Florida are similarly protected, although the effi cacy of this closure 
has proven limited. Some seamounts off southern Tasmania and around New Zealand are 
now protected, and the trawling ‘footprint’ has been frozen in areas of coral and sponge 
habitat around the Aleutians in the North Pacifi c (Freiwald et al., 2004). Recent area clo-
sures in the North Atlantic (NAFO) and North Pacifi c (USA-Alaska) include seamounts. 
Trawling is banned within 100 nautical miles of the Azores, which serves to protect 
seamounts, important for the local artisanal fi sheries, from these impacts (see Chapter 16).

Discussion

The effects of fi shing are similar across many habitat types but, despite a paucity of 
seamount-specifi c studies, there are fi ve important aspects of seamounts and their 
communities:

1. Seamounts can host aggregations of fi sh, which can be vulnerable to overexploitation, 
rapid depletion, and be slow to recover from fi shing.

2. Target trawling on seamounts is often very localized. Seamounts are often small in 
area, and therefore the density of tows per seamount area can be high.

3. Heavy bottom trawl gear is used to tow on the rough and hard bottom which is often 
characteristic of seamounts.
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4. Many seamount fi sheries occur offshore, and so are carried out by large powerful ves-
sels with the ability to work large gear, catch, and process large amounts of fi sh, and 
stay at sea for long periods, leading to high levels of fi shing effort.

5. The invertebrate fauna is often dominated by large, slow-growing, sessile organisms, 
which are especially vulnerable to damage by fi shing gear.

There is little doubt about the physical impact that fi shing has had on seamount communi-
ties and habitat. However, although medium and long-term changes have been described 
in several ecosystems, which have been studied over decades, it is still diffi cult to attribute 
changes directly to fi shing (Rogers et al., 1998), partly because of the poor spatial resolu-
tion of much fi sheries data (Jennings and Reynolds, 2000), which makes the ‘burden of 
proof’ an issue (Dayton, 1998). Knowledge of biodiversity, endemism, structure, function, 
and productivity of seamount ecosystems is poor. In most cases science is still in a descrip-
tive phase, rather than a process–function stage, and so the effects of disruption are diffi cult 
to measure, despite being critical to assessing risk and conservation priorities. In particular, 
almost nothing is yet known of recovery processes on seamounts impacted by fi shing.

The productivity of seamounts is generally regarded as high (but see Chapters 5, 9, 
and 14), but the fi sheries have typically overexploited them. Conservative management 
practices are needed for many species, especially as most deep sea fi sheries have only 
developed in the last few decades, and have occurred against a backdrop of limited, if 
any, knowledge of long-term natural fl uctuations in species abundance. Given how little 
we know about the composition and functioning of benthic communities, and about link-
ages between fi sheries and benthic fauna, there is a clear and strong message to adopt a 
conservative approach, and manage seamounts as fragile ecosystems with some form of 
precautionary and spatial management. Gear modifi cations cannot signifi cantly amelio-
rate trawling impacts, and area closures to trawling at present provide the most effective 
means to conserve seamount ecosystems.
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Chapter 20

Management and conservation 
of seamounts

P. Keith Probert, Sabine Christiansen, Kristina M. Gjerde, 
Susan Gubbay and Ricardo S. Santos

Abstract

This chapter highlights features of seamount ecosystems of particular signifi cance to their 
conservation and management, examines the impact of human activities, especially fi shing, 
on seamounts, and analyses management issues and options. We list globally agreed targets 
for seamount conservation and relevant international and regional tools, institutions and 
activities. And, as conservation depends on national implementation, national programmes 
relevant to seamount conservation are discussed and recommendations presented for action 
to improve the conservation and management of seamounts at global, regional, and national
levels.

Introduction: features of seamounts

Seamount ecosystems exhibit a number of distinct features that make them of consider-
able interest to marine scientists, resource managers, and those with an interest in marine 
conservation (Fig. 20.1) because they are potentially vulnerable to fi shing and other 
anthropogenic disturbances. Given the targeting of seamount resources by world fi sheries 
(see Chapter 17), the conservation of seamount ecosystems has become a matter of major 
concern (see Chapter 3; Probert, 1999; Alder and Wood, 2004; Johnston and Santillo, 
2004; Stone et al., 2004).

Scarcity, age, and isolation

Seamounts (as defi ned in the Preface) are widespread, abundant topographic features of 
the world’s oceans, occurring within national, regional, and international jurisdictions 
(see Chapter 2). But deriving accurate information on the abundance and distribution 
of seamounts is diffi cult, given the problems of bathymetric resolution, methodology, 
logistics, and cost (see Chapters 1 and 2). There may be over 100 000 seamounts of ele-
vation of 1 km or more, with about half in the Pacifi c and most of the remainder in the 
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Atlantic and Indian oceans (Chapter 1). Despite their abundance, seamounts occupy a 
small proportion of ocean fl oor. Rowden et al. (2005) estimate that the ~800 seamounts of
�100 m elevation within the New Zealand region (24–57°S, 157°E–167°W) account for 
only about 2.5% of the region’s seafl oor area. Seamounts are also very diverse (e.g., in 
terms of size, water depth, elevation, location, overlying water mass characteristics), so cer-
tain seamount habitats may be poorly represented in a region.

Although seamounts are relatively young geological features, refl ecting the tectonic 
history of ocean basins, they can vary considerably in age (see Chapter 1). Seamounts 
in a linear chain produced serially from a mantle hotspot can range from less than 1 mil-
lion to tens of millions of years in age. Relative age and degree of isolation may strongly 
infl uence biotic composition and biogeographic affi nity of seamounts (see Chapter 13). 
Given the evidence for marked regionality in the species composition of seamounts, even 
individual or small groups of seamounts may assume considerable importance for their 
distinctive biota. A number of studies have indicated elevated levels of endemism on 
seamounts; for instance, that up to one-third of benthic macro and megafaunal species 
from seamounts in the Tasman and SE Coral Seas may be endemic (Richer de Forges 
et al., 2000; Koslow et al., 2001). High levels of endemism may in part be related to 
seamount species often having direct development or a short planktonic larval stage, 
and seamount circulation patterns (see below) tending to retain planktonic larvae (see 
Chapter 5). But apparent high endemism may be infl uenced by sampling intensity and 
relative differences in species abundances (see Chapter 7).

Whether seamounts in general support signifi cantly higher or lower levels of diversity 
compared to non-seamount habitat is unclear (see Chapter 13). Both may be the case, but 
at present not enough seamounts have been studied in detail. Seamounts of a given region 
can be characterized in terms of environmental variables to assess the range, distribution, 
and relative abundance of seamount types represented. This provides a strong indication 
of the likely seamount biodiversity of an area and a basis for allocating research effort and 
informing management (Rowden et al., 2005).

Fig. 20.1 Diagram showing features of seamounts relevant to conservation and management.
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Environmental heterogeneity and biophysical coupling

Seamounts are sites of high environmental variability at the mesoscale, notably in terms 
of topography, substratum, and hydrodynamics (see Chapter 4), and these localized
environmental gradients have signifi cant implications for the range of benthic and pelagic 
habitats within seamount ecosystems. Elevation and water depth of summit, and hence the 
pelagic zones penetrated, are likely to strongly infl uence biotic composition and trophic 
structuring at seamounts. Some seamounts penetrate the euphotic zone (see Chapter 5; 
Dower et al., 1992; WWF, 2003; Cardigos et al., 2005), providing isolated and unusually 
shallow-water habitat compared to the surrounding deep ocean.

Also underlying environmental heterogeneity of seamount ecosystems is the pro-
nounced interaction between ambient fl ow and abrupt topography, generating several 
hydrodynamic phenomena, including increased residence time of enclosed circulation pat-
terns over seamounts and localized upwelling (see Chapters 4 and 5; Boehlert and Genin, 
1987). Such fl ow–topography interactions have important implications for the structure 
and functioning of seamount biota. Pelagic and benthic communities of seamounts are 
often of high biomass compared to those of surrounding areas, though to what extent this 
refl ects a local increase in productivity is unclear. The residence time of upwelled nutrient 
enriched water generally appears insuffi cient for enhancement of primary productivity to 
occur over seamounts themselves. Instead, seamount ecosystems are likely to be fuelled 
more by advected particulate organic matter and plankton and vertical entrapment of mes-
opelagic migrators, leading to localized aggregations of fi sh and higher predators (see 
Chapters 4 and 6). Physical processes affecting biota may extend considerable distances 
downstream of seamounts. Given the spatial and temporal complexities of physical pro-
cesses it is hard to generalize about a ‘seamount effect’ (see Chapter 4).

Aggregation of fi sh at seamounts is a conspicuous result of this biophysical coupling. 
Eight hundred species of fi sh have been reported from seamounts (see Chapter 9; Froese 
and Sampang, 2004; Morato et al., 2004) of which a number, although not restricted to 
seamounts, characteristically form aggregations (sensu Koslow, 1996) over seamounts. Best 
known are those species targeted by fi sheries, such as orange roughy (Hoplostethus atlanti-
cus), alfonsinos (Beryx spp.), pelagic armourhead (Pseudopentaceros wheeleri), Patagonian 
toothfi sh (Dissostichus eleginoides), oreos (Oreosomatidae), and rockfi shes (Sebastes spp.) 
(see Chapter 9; Rogers, 1994). Seamount aggregating fi shes tend to be strongly K-selected 
(long lived, slow growing, late maturing, low fecundity), rendering them highly vulnerable to 
exploitation (see Chapter 9; Koslow, 1996; Morato et al., 2006). Higher predators recorded 
in increased numbers at seamounts include tunas, billfi shes, sharks, marine mammals, and 
seabirds (see Chapter 10A and B; Chapter 12A, B, and C; Yen et al., 2004). Analyses of 
the distribution of oceanic predators indicate biodiversity hotspots associated with promi-
nent topographic features, including seamounts; oceanographically, such features are char-
acterized by mesoscale habitat complexity and as key feeding areas (Worm et al., 2003; 
Cheung et al., 2005). The predator component of seamount food webs comprises resident 
species as well as shorter term aggregators and visitors, illustrating the trophic complexity 
of seamount ecosystems (see Chapter 14). The distinction also has important management 
implications; species that tend to be resident are likely to be more vulnerable to fi shing 
impacts than visitors, at least for fi shing focused on seamounts.
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Benthic habitats and biotas

Seamount benthic environments encompass a wide range of bathymetry, topography, and 
substrata (Rogers, 1994; Koslow et al., 2001). Hard substrata (atypical of the deep sea) and 
enhanced particulate fl ux from fl ow–topography interactions provide for benthic assem-
blages where large sessile suspension feeders are conspicuous. Prominent megafauna 
on seamounts often includes stylasterid, gorgonarian, antipatharian, and sclaractinian 
corals (see Chapter 8; Boehlert and Genin, 1987; Probert et al., 1997; Koslow et al., 2001; 
Piepenburg and Muller, 2004), with some corals forming extensive reefs (Rogers, 1999). 
This sessile epifauna provides habitat for numerous associated species (Koslow et al.,
2001). For example, nearly 900 species have been recorded living on or in Lophelia per-
tusa reefs in the NE Atlantic (Rogers, 1999). Costello et al. (2005) recorded 25 fi sh species 
associated with Lophelia reefs of which 17 were of commercial importance. Fish species 
richness and abundance were far higher on the reef than on the surrounding seabed (92% of 
species and 80% of individuals were associated with the reef). Fish may, however, respond 
to deep-water corals as a type of complex habitat rather than associating specifi cally with 
coral (Auster, 2005). Deep-sea corals and other sessile epifauna of seamounts can be very 
long lived, of the order of hundreds of years (see Chapters 7 and 8; Tracey et al., 2003; 
Thresher et al., 2004; Andrews et al., 2005), signifying very prolonged post-disturbance 
recovery where such organisms contribute importantly to benthic habitat structure.

Sediment benthos of seamounts is poorly known (see Chapter 7; Levin et al., 1991b; 
Rogers, 1994), but factors such as intensifi ed near bottom fl ow, sediment texture and 
mobility, organic input, and penetration into the oxygen minimum or euphotic zones can 
strongly infl uence community structure (e.g., Levin et al., 1991a, 1994; Dower et al.,
1992; Wishner et al., 1995; Thistle et al., 1999; Heinz et al., 2004). Xenophyophores – large 
sediment-agglutinating protozoans – are often conspicuous on seamounts (Levin, 1994) 
and may provide macrofaunal habitat (Levin et al., 1991b). Further detailed studies are 
needed to clarify the role of the benthos on seamounts.

Major concerns

Fisheries impacts in particular highlight a pressing need to address the conservation and 
management of seamounts. Large-scale fi sheries for seamount-aggregating species date 
from the mid-1960s and typically follow boom-and-bust cycles as successive stocks have 
been targeted and collapsed (see Chapters 17 and 18; Watson and Morato, 2004). Life 
history characteristics of deep-water fi shes in general render them highly susceptible to 
overexploitation (see Chapter 9) and call into question the sustainability of such fi sher-
ies (Merrett and Haedrich, 1997; Clark, 2001; Roberts, 2002; Francis and Clark, 2005). 
Several major orange roughy stocks off New Zealand were serially depleted to a few per 
cent of their estimated virgin biomass in 10 years, in some cases in less than 5 years, 
but sustainable yields are estimated at only 1–2% of virgin biomass level per year (see 
Chapters 17 and 19; Clark et al., 2000; Clark, 2004).

It is unclear what effect such large-scale removal of biomass may have on seamount 
ecosystems, and particularly whether depletion might signifi cantly alter fi sh community 
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composition or threaten seamount obligates. It may be too early for identifi able changes, 
given the recent development of the fi sheries and the prevailing life history traits of 
deep-water fi shes (Koslow et al., 2000). Seamount fi sheries began in earnest some 20 
years ago. But as orange roughy become sexually mature at about 35, a full reproduct-
ive cycle has yet to occur. Size-selective fi shing can have various effects on size and age 
distribution and reproductive output of exploited populations (e.g., Jennings et al., 2001; 
Birkeland and Dayton, 2005), but there is as yet limited information on the response of 
seamount species (e.g., Clark et al., 2000). Conditions for successful recruitment also 
remain unknown; nor have impacts of seamount fi sheries on predator and prey popula-
tions of target species been examined. Modelling studies will help in understanding the 
wider effects of fi sheries on seamount ecosystems (see Chapters 14 and 15).

Attention has focused on impacts of bottom trawling on seafl oor habitat and benthos 
of seamounts. Effects of bottom trawling on benthos at bathyal depths are still poorly 
understood, but are generally expected to be more severe than for shelf areas, given the 
life history characteristics of deeper-water species and the slow, decadal recovery times 
(see Chapter 19; Jones, 1992; Dayton et al., 1995). Of particular concern is the impact 
of trawling on large sessile epifauna that can contribute importantly to structuring seabed 
habitat, especially if such species are seamount obligates. Benthic habitats differ consid-
erably in structural complexity and vulnerability to disturbance from fi shing gear (Auster, 
1998), but emergent epifauna provide complex habitat that is especially susceptible to 
damage from fi shing (Collie et al., 2000). Fishing impact will also depend on trawling 
intensity relative to seamount area. For New Zealand seamounts, O’Driscoll and Clark 
(2005) estimated a median fi shing intensity of about 130 km of trawled seabed per km2 of 
seamount area, but as much as 17 400 km of tows per km2 for some seamounts.

Deep-water, coral-dominated benthos is highly vulnerable to physical disturbance 
(see Chapters 7, 8, and 19; Probert et al., 1997; Rogers, 1999; Koslow et al., 2001; 
Hall-Spencer et al., 2002). Trawling can result in a large bycatch of coral on previ-
ously unfi shed or lightly fi shed seamounts, and coral-dominated habitat may be severely 
degraded by fi shing pressure. For the orange roughy fi shery in the South Tasman Rise, 
total coral bycatch (dominated by the reef-forming Solenosmilia variabilis) fell from 
about 1750 to 100 t/year between 1997–1998 and 2000–2001 (Anderson and Clark, 2003). 
For seamounts south of Tasmania, trawling effectively removed corals and other suspen-
sion feeders from heavily fi shed seamounts at depths of up to 1400 m. Benthic biomass of 
samples from unfi shed seamounts was 106% greater than from heavily fi shed seamounts, 
and the number of species per sample was 46% greater (Koslow et al., 2001). Loss of 
coral and other long-lived, slow-growing sessile epifauna that structure benthic habitat 
could have major long-term implications for seamount biodiversity, especially for isolated,
distinctive faunas.

Fishing may disrupt important interactions between pelagic and benthic components 
of seamount ecosystems. Depletion of seamount aggregating fi sh may reduce an import-
ant source of organic detritus to seamount benthos (Koslow et al., 2001). The integrity 
of benthic habitat structure may also be important for deep-water fi shes. North Atlantic 
Lophelia reefs are important fi sh habitat and may function as feeding, breeding, and nur-
sery grounds (Costello et al., 2005). Protection of reefs is important for maintaining fi sh 
biodiversity as well as fi sheries.
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Precious corals – gorgonacean and antipatharian species highly valued for jewellery –
have been targeted and often overexploited, mainly on North Pacifi c seamounts (see 
Chapter 17; Grigg, 1993; Rogers, 1994). Grigg (1984) estimated the maximum sustainable 
yield for a Hawaiian seamount black coral at only 3.5% of biomass per year. Seamounts 
may also in time be exploited for cobalt-rich ferromanganese crusts and metallic sulphides 
(Grigg et al., 1987; Rogers, 1994; Glasby, 2002; Rona, 2003), and possibly for pharmaco-
logically active metabolites (Laurent and Pietra, 2004).

Seamounts support distinctive ecosystems, unusual for the range of bathymetry, sub-
strata, and hydrodynamic conditions they typically encompass, and in the degree of bio-
physical coupling between the fl ow fi eld and pelagic and benthic components of the biota. 
They are also relatively scarce environments in areal extent and, depending on their degree 
of isolation, may support biota that are biogeographically distinct and with signifi cant 
endemicity. Flow–topography interactions mean that seamounts tend to be sites of high 
biomass, most conspicuously in supporting dense aggregations of fi sh. Enhanced particu-
late fl ux and abundant hard substrata favour benthic communities dominated by large ses-
sile epifauna. Seamount communities are of high conservation interest, heightened by their 
vulnerability to intensive fi shing. It is important, therefore, to examine management and 
conservation tools applicable to seamounts, conservation initiatives at national, regional, 
and international level, and future strategies.

Management issues for seamounts

Management of human activities affecting biodiversity on and around seamounts raises 
six major issues:

1. Deep-sea bottom fi shing (presently to 2000 m) has been identifi ed as the major threat 
to seamount communities and habitats.

2. Addressing fi sheries impacts is critical to conservation of seamount biodiversity. 
This requires dealing with destructive gear types, access rights, enforcement, and 
surveillance.

3. Management objectives need to
 (a) incorporate natural variability on both short and very long timescales;
 (b)  work within, and potentially across, the major jurisdictional divisions of ocean 

space;
 (c)  be highly precautionary (given the state of knowledge and nature and extent of 

human impacts on seamounts);
 (d) target recovery and restoration as well as prevention of degradation;
 (e)  be within a wider management framework; this may be regional as well as global.
4. No single management model is applicable to all seamounts. Measures are likely to 

range from activity-based restrictions to marine protected areas (MPAs), and regulation
of activities beyond the immediate vicinity of seamounts.

5. Sustainable, economically viable fi sheries may not be possible for some species on 
seamounts, so fi sheries management will have to adjust. Likely knock-on effects on 
fi shing activity elsewhere will also need to be considered.
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6. In the short term, there is little likelihood of cataloguing every seamount and detail-
ing their key characteristics. Action can most usefully be directed at regions and clus-
ters of seamounts within fi shing depth, and seamounts that have been studied in detail. 
Grouping seamounts according to their general characteristics can help to prioritize 
conservation action.

These issues are familiar to those concerned with the management of activities affecting 
inshore and shallow-water features of biodiversity interest (e.g., Kenchington, 1990; Norse, 
1993). Management of activities affecting seamounts should, therefore, be seen as an exten-
sion of existing programmes inside Exclusive Economic Zones (EEZs), but with a greater 
focus on the high seas. The main differences are in the legal and administrative frameworks 
supporting such management (described below), rather than in the management tools.

Approaches and tools for management of seamounts

Two complementary categories of management measures are likely to be most appropri-
ate for seamounts: (1) site-specifi c measures, particularly the establishment of MPAs and
regulation of human activities therein; and (2) activity-specifi c measures to regulate 
human activities on a wider geographic scale.

Site-specifi c management tools

MPAs incorporating a variety of management options have become an important com-
ponent of marine conservation programmes worldwide (Gubbay, 1995; Agardy, 1997; 
Kelleher, 1999; Salm et al., 2000; Sobel and Dahlgren, 2004). Increasingly, this has 
included consideration of offshore MPAs (Thiel and Koslow, 2001; Gjerde and Breide, 
2003; Unger, 2004). MPAs are now recognized as a valuable tool for management of activ-
ities around seamounts (e.g., WSSD, 2002; CBD, 2004; Schmidt and Christiansen, 2004), 
and, to date, some 84 MPAs worldwide include seamounts (Alder and Wood, 2004).

Defi ning the boundary of management areas
Many early MPAs cover relatively small coastal areas, but large areas are needed for 
management of biodiversity at an ecosystem scale. This is the case for seamounts, which 
span a wide depth range and with infl uences extending tens of kilometers across the sur-
rounding ocean, and where management should be at seamount scale, an approach dem-
onstrated by the few seamount MPAs that extend over large areas (e.g., Lord Howe Island, 
Australia, and Bowie Seamount, Canada, pilot MPA).

Management zones
Both vertical and horizontal zoning schemes have been introduced for seamount MPAs to 
support management options ranging from strict protection (e.g., Tasmanian seamounts, 
and Formigas and Dollabarat Bank, Azores) to multiple use (e.g., Saba National Marine 
Park, Netherlands Antilles). Horizontal zoning, a standard practice in many MPAs, can 
provide for a range of activities. For example, the Tasmanian and Lord Howe Island 
reserves both have a highly protected zone (equivalent to IUCN Category 1a) and Managed 
Resource Zones (IUCN Category IV) (IUCN, 1994). Vertical zoning, a newer idea, is seen 
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in the Tasmanian Seamounts Marine Reserve (Commonwealth of Australia, 2002). It may 
be appropriate given the bathymetric range of many seamounts and if activities at the sur-
face have only limited effect on seabed features. Vertical zoning could, therefore, be used 
to separate management measures.

Management planning
For both offshore and coastal MPAs, there is a need to focus on managing users rather 
than resources, and for regulators and users to cooperate. MPA management plans need 
clear objectives to facilitate actions, and to enable progress and effectiveness to be evalu-
ated (Pomeroy et al., 2004). Documenting management intentions and inviting consult-
ation make the process more open, essential in gaining the support of users, even for 
remote sites. Linking existing initiatives and sharing resources and information will also 
be critical to management, given that no single agency will have the full suite of powers 
to establish, manage, monitor, and enforce seamount MPAs. This may be a relatively new 
area of operation for parties involved, so the roles of different organizations in relation to 
seamount location (i.e., territorial waters, EEZ, or high seas) need to be clarifi ed.

Activity-related management tools

Fisheries are currently the main activity at seamounts (see Chapters 16–18). These range 
from longlining to trawling and encompass commercial, artisanal, and recreational fi sh-
ing. Options for fi sheries management on seamounts range from prohibition of all fi shing 
or specifi c gear types, to regulation of activity through measures such as effort control, 
gear limitations, quotas, and licences. Measures which also contribute to enforcement 
and accurate data on fi shing activity include observer schemes and mandatory logbooks 
supporting fi sheries audits. Environmental assessment and regulations guiding explora-
tory/expanding fi sheries could also be used before the start of a new fi shery and to review 
existing fi sheries.

Mineral extraction and bioprospecting may in time become signifi cant activities on 
seamounts (Glasby, 2002; Arico and Salpin, 2005). Licensing arrangements will be crit-
ical to managing such activity on a precautionary basis and could be used in combination 
with exclusion zones that act as reference areas.

Management of shipping activity may also be appropriate to support seamount conser-
vation, particularly where seamounts extend into shallow water, with measures relating to 
ship routing, discharges, and designation of sensitive areas. Wider measures, for example, 
to control waste disposal from ships, ship design criteria to enhance safety, and prevent-
ing the transfer of alien species in ballast water are also relevant, although not specifi c to 
seamounts.

Seamounts that rise close to the surface and are accessible may become important for 
tourism, such that boating, anchoring, and diving may need to be considered (e.g., D. João 
de Castro Bank, Azores, and Saba Marine Park, Antilles).

Common management issues

Regulation
Regulation of activities at seamounts is complex. National legislation with provisions for 
establishing and managing MPAs or particular activities may exist. But many seamounts 
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are remote, there is often incomplete understanding of all that is required to safeguard 
such areas, and many of the management issues need to be tackled at an international as 
well as a local level.

Within national waters, general MPA regulations could provide the legal framework 
for designation. Such legislation will usually require a lead agency to coordinate action. 
This relationship is one of the most important elements of legislation for MPAs, because 
all aspects of management of such sites will rely on cooperation between regulatory and 
interested parties. This is important when dealing with international activities such as 
fi shing and shipping where proposed measures must be agreed through regional or inter-
national bodies, and where countries cannot work effectively in isolation.

Non-MPA legislation will also be needed to achieve management objectives at particu-
lar sites. General biodiversity and fi sheries management measures, as well as area-specifi c 
measures such as setting water-quality standards and specifying permitted fi shing effort 
and permitted fi shing gear, will give important additional support to the management of 
activities which affect seamounts. Using a broad base of regulation will also reinforce the 
point that both general and site-specifi c measures are needed for effective management.

Voluntary measures, such as Codes of Practice, have been used to complement statu-
tory management measures for some activities. They have been introduced to support the 
management of activities in coastal waters as well as the high seas, for example, the FAO 
Code of Conduct for Responsible Fisheries (FAO, 1995). Another approach is to set up 
formal agreements, such as memoranda of understanding and concordats.

Stakeholder involvement
The importance of involving the general public and local communities in the establish-
ment and operation of MPAs and other management tools is widely accepted (Kelleher, 
1999; Roberts and Hawkins, 2000; DEFRA, 2004). This is more diffi cult for offshore sites 
where there is no resident ‘local community’ and where user groups may come from far 
afi eld. The perception of offshore resources as common or public property held in trust by 
a coastal state can limit public interest. Nevertheless, it is possible to identify a ‘constitu-
ency of interest’ and effort must be made to involve such groups in management.

Designation of seamount MPAs beyond the 12 nm territorial sea or 200 nm EEZ, but 
on the legal continental shelf (which can include the slope and margin beyond the phys-
ical continental shelf), may require consultation with other regional and international bod-
ies to regulate activities such as shipping or fi shing. International shipping is regulated 
by the International Maritime Organization (IMO). For European Union members, the 
Common Fisheries Policy (CFP) provides for access of member states to all Community 
waters between 12 nm (or less) and 200 nm offshore, thus protective measures for fi sher-
ies must be adopted at the regional level. However, in other nations, responsibility for 
fi sheries out to the limits of the EEZ generally rests with national authorities. In some 
60 nations, the legal continental shelf may extend beyond 200 nm, and hence the coastal 
state retains the right to control exploitation of sedentary living resources. The right to 
control exploitation also implies the right to regulate activities such as bottom fi shing that 
may impact on those sedentary resources (Molenaar, 2005). However, to secure the wid-
est possible cooperation, it may be advisable for the coastal nation to consult with the 
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relevant regional fi shery management organization before adopting rules with regards to 
bottom fi shing on the extended continental shelf. This will require coordination between 
the government departments responsible for regulating, assessing, and monitoring these 
activities at a national level before discussions with these European and international bod-
ies take place.

Involvement of casual users in the establishment and operation of potential MPAs or 
other management measures on seamounts will be essential. Consultation with stake-
holder groups will help to achieve this, with information posted in appropriate publica-
tions. Another option would be to establish an offshore liaison committee with the role 
of identifying the main groups to be contacted at national and international level and the 
most appropriate methods for doing this for all the offshore seamount MPAs being con-
sidered in a region or EEZ, rather than liaising on a site-by-site basis.

Education and interpretation
The need for education about seamounts and their conservation is, if anything, greater 
than for inshore waters. There is still much ignorance about the importance of the oceans 
and of the need to use marine resources wisely, especially when sites proposed for protec-
tion are far removed from daily life and less accessible. Much can be done to further edu-
cation and interpretation of offshore sites. The materials produced, such as leafl ets, books, 
videos, and displays, may be similar to those for other types of marine management, but 
greater effort is needed to take such information to people rather than providing it only 
when users and visitors come to the site or make enquiries. Information about offshore 
sites needs to be available from a range of sources such as aquariums, museums, research 
institutes, and schools, as well as in places frequented by the main user groups. There 
are also considerable opportunities through the use of electronic media, remote sensing 
imagery, and the internet (e.g., Centro de Interpretação Marinha Virtual, www.cimva-
zores.info, last accessed 30 November 2006).

Compliance and enforcement
The virtual impossibility of directly observing all infringements means that most MPA 
programmes emphasize compliance rather than coercion. This will certainly be the case 
for offshore MPAs at seamounts, albeit backed by a regulatory framework. To achieve 
this it will be essential to provide users with information about regulations, includ-
ing the reasons for them. Another important element should be to work with agencies 
that already have a regulatory role in the area. Enforcement of regulations is essential 
to the success and credibility of any management measure. The diffi culties of achieving 
this in the marine environment are well known and likely to be even more problematic 
in the remote locations of many seamounts where infringements are harder to observe 
and where a rapid response to problems is unlikely. Both water-based and aerial surveil-
lance are used in these circumstances and can be supported by satellite monitoring. Vessel 
monitoring systems (VMSs) that automatically transmit the position of a fi shing vessel 
to enforcement agencies are now mandatory for a number of fi sheries (e.g., required by 
vessels permitted to take orange roughy adjacent to the Tasmanian Seamounts Reserve, 
Commonwealth of Australia, 2002).
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Research and monitoring
Measures to support the conservation of seamounts can also facilitate research and moni-
toring programmes that improve understanding of marine systems and of management 
requirements for conservation. Such work would benefi t from being coordinated at a 
national level, particularly for seamounts, where it is generally more diffi cult to establish 
long-term programmes and where permission may need to be sought from both national 
governments and international organizations. Mechanisms for sharing and accessing data, 
for streamlining procedures to work in such areas, and for coordinating research effort 
should be set up, as well as links to research programmes in EEZs where appropriate. 
Monitoring, evaluation, and review are important to the successful management of activ-
ities impacting on seamounts. Monitoring must be linked to review procedures, so that 
any necessary changes are made to management measures.

Global seamount conservation goals, tools, and strategies

Global agreements and goals for action

A substantial body of resolutions and agreements has evolved in recent years with the 
potential to improve the conservation and management of seamount species and ecosys-
tems throughout the world’s oceans. However, signifi cant efforts, including new legal 
agreements, are required for seamount ecosystems beyond national jurisdiction.

The 1982 UN Convention on the Law of the Sea (UNCLOS) is fundamental as it pro-
vides for jurisdictional zones in the world’s oceans, including EEZs, where states have 
sovereign rights extending out to 200 nm (see International tools and institutions below 
and Supplementary materials online). A number of coastal states have a legal conti-
nental shelf extending beyond 200 nm, wherein states retain exclusive rights to exploit 
and explore mineral and sedentary living resources such as corals, sponges, and crabs. 
It is estimated that nearly half of seamounts of over 1000 m elevation are within EEZs 
(Alder and Wood, 2004). No study has yet been undertaken to identify what percentage of 
seamounts is located on legal continental shelves. Such information would help to clarify 
who is primarily responsible for management and conservation of the sedentary living 
resources on seamounts.

International seabed beyond 200 nautical miles, or the legal continental shelf, which-
ever is furthest, is known as the ‘area’. Activities related to seabed mining are overseen 
by the International Seabed Authority, which is currently developing regulations for pro-
specting and exploration of polymetallic sulphides and cobalt crusts that may occur on 
seamounts. Deep seabed mining, when it occurs, will be subject to international regula-
tions to protect the marine environment. By contrast, deep-sea fi shing that impacts the 
international seabed has no such constraint as UNCLOS negotiators did not foresee that 
activities besides mining might affect the deep seabed. Thus, there are no international 
regulations or bodies responsible for protecting the deep seabed environment from human 
activities other than mining (Arico and Salpin, 2005).

Since 2003, a growing number of states, scientists, environmental, conservation, and 
fi sh worker organizations have been calling on the United Nations General Assembly 



 Management and conservation of seamounts  453

(UNGA) to adopt a resolution for a moratorium on high seas bottom trawling until 
effective conservation and management regimes can be put in place (e.g., a ‘Scientists’ 
Statement’ signed by more than 1100 scientists from 69 countries, MCBI, 2004). In 
response, UNGA in 2004 adopted a resolution calling for urgent action to protect deep-
sea biodiversity on the high seas, though not for a global moratorium. The resolution also 
called for a review of state and regional action to protect vulnerable marine ecosystems 
and consideration in 2006 of what further measures may be necessary. Support for this 
resolution was endorsed in 2005 by the FAO Committee of Fisheries, the major global 
intergovernmental forum where fi sheries issues are discussed and recommendations 
adopted. Also in 2004, UNGA established a working group to examine conservation of 
biodiversity in areas beyond national jurisdiction. The European Union has proposed that 
this should develop an implementing agreement to UNCLOS to address the conservation 
and management of biodiversity in areas beyond national jurisdiction.

Seamounts were a key topic for discussions at the 2004 and 2006 Conference of 
Parties of the Convention on Biological Diversity (CBD). Parties designated seamount 
and cold-water corals as conservation priorities and called for their protection through 
short-, medium-, and long-term measures. In 2004, the CBD Parties also established a 
working group to explore options for the establishment of MPAs in areas beyond national 
jurisdiction (COP VII/28), and ecological criteria for high seas MPAs were considered at 
a meeting in 2006.

Fundamental goals and targets for marine conservation agreed at the 2002 World 
Summit on Sustainable Development (WSSD) in Johannesburg commit governments to

1. Encourage the application by 2010 of the ecosystem approach (WSSD Joint Plan of 
Implementation (JPOI), para. 30(d)).

2. Maintain the productivity and biodiversity of important and vulnerable marine and 
coastal areas, including in areas within and beyond national jurisdiction (para. 32(a)).

3. Develop and facilitate the use of diverse approaches and tools, including the ecosys-
tem approach, the elimination of destructive fi shing practices, the establishment of 
MPAs consistent with international law and based on scientifi c information, including 
representative networks by 2012 and time/area closures for the protection of nursery 
grounds and periods (para. 32(c)).

4. Develop national, regional, and international programmes for halting the loss of marine 
biodiversity, including in coral reefs and wetlands (para. 32(d)).

5. A commitment to achieve by 2010 a signifi cant reduction in the current rate of loss of 
biological diversity (para. 44).

Achievement of these goals and targets would shelter seamounts in a framework of eco-
system-based management throughout the oceans. A full toolbox of approaches would be 
in use everywhere, including the elimination of destructive fi shing practices such as bot-
tom trawling on seamounts, the establishment of MPA networks to protect specifi c areas 
from a broader spectrum of human uses (consistent with international law and based 
on science), and the use of closed areas, both permanent and temporary, on seamounts 
to protect spawning grounds and nursery areas for juvenile stages. All human activities 
would be managed consistent with programmes to prevent loss of biodiversity.
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The following sections tackle the diffi cult question of how we achieve these goals and 
targets. What legal tools and institutions may be used to enhance the conservation and 
management of seamount ecosystems? Where these fall short, what are the most promis-
ing avenues to broaden the scope of these instruments? What are the best strategies for 
achieving this for seamounts within and beyond national jurisdiction?

International tools and institutions

The following international tools and institutions are described more fully in online mater-
ials, www.seamountsbook.info. The UN General Assembly sets global oceans policy. The
UNCLOS prescribes the basic rights and duties of states, including an obligation to pro-
tect and preserve all areas of the marine environment. The International Seabed Authority
is charged with administering and distributing the benefi ts from minerals related activities 
in the seabed beyond national jurisdiction, deemed the ‘common heritage of mankind’ 
under UNCLOS. The 1995 Agreement on Highly Migratory and Straddling Fish Stocks is 
the major international instrument designed to elaborate and implement the vague provi-
sions of UNCLOS. The UN Food and Agriculture Organization (FAO) has been requested 
to develop technical guidelines on deep-sea fi sheries and on the design, implementation, 
and testing of MPAs and to assist member states to establish representative MPA networks 
by 2012 (FAO, 2005). The FAO Code of Conduct (FAO, 1995) calls for ecosystem-based 
management, a precautionary approach, environmentally safe and selective fi shing gear 
and practices, minimal waste, bycatch and impacts on other species, and protection of 
critical habitats such as reefs, nursery, and spawning grounds.

The 1992 Convention on Biological Diversity sets out a framework for conservation, 
sustainable use and equitable benefi t sharing of biodiversity, with an emphasis on in situ
protection through protected areas and ecosystem-based management. The Convention on 
Migratory Species requires ‘Range States’ to protect listed migratory species including 
sperm whales, sea turtles, sea birds and small cetaceans, and their habitat.

Regional tools and actions

Many regional agreements and institutions have been developed to elaborate and supple-
ment the UNCLOS regime in their respective regions. Each regional organization is gen-
erally empowered to establish conservation and/or environmental protection measures for 
a defi ned geographic area. Only four regional seas agreements cover areas beyond national 
jurisdiction, whereas most regional fi sheries management organizations (RFMOs) specifi -
cally cover such regions (Fig. 20.2), but may also cover areas within national jurisdiction. 
Boundaries for RFMOs generally refl ect the geographic range of the stocks or species 
concerned (CBD, 2005).

The following section describes the three regions – North East Atlantic, Mediterranean, 
and the Southern Ocean – where regional seas organizations and RFMOs have been most 
active in marine biodiversity conservation and deep-sea fi sheries management beyond 
national jurisdiction. Several other regional initiatives are also discussed.
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North East Atlantic

The OSPAR Convention

The 1992 OSPAR Convention (Convention for the Protection of the Marine Environment 
of the North-East Atlantic) extends from the latitude of the Strait of Gibraltar to the North 
Pole and west to Greenland, more than half of which is beyond national jurisdiction. 
OSPAR has 15 ‘Contracting Parties’ including the EU. Annex V, adopted in 1998, requires 
parties to undertake individual and collaborative measures to protect ecosystems and con-
serve biological diversity. Fisheries and shipping are specifi cally excluded from OSPAR’s 
remit.

In 2003, Parties to OSPAR adopted a declaration to protect cold-water corals through-
out the OSPAR maritime area, as well as a list of threatened and/or declining species and 
habitats that includes seamounts, L. pertusa reefs, deep-sea sponge grounds, and spe-
cies such as orange roughy, loggerhead (Caretta caretta), and leatherback (Dermochelys 
coriacea) turtles (OSPAR, 2004). They also recommended establishing an ‘ecologically 
coherent network of well-managed’ MPAs by 2010 (OSPAR, 2003). Selection criteria 
for these MPAs include prioritizing for species and habitats on the OSPAR list. Parties 
have agreed to include areas beyond national jurisdiction as components of the MPA net-
work. Therefore, there are various instruments to select and designate seamount MPAs 
in the OSPAR maritime area. A serious obstacle for OSPAR is its lack of competence to 
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Fig. 20.2 RFMOs that have competence to regulate deep-sea fi sheries. Dark blue, areas that lack coverage by 
an RFMO with the competence to manage deep-water fi sheries on the high seas. Coloured areas (in light blue, 
purple, green yellow, and orange), where RFMOs have a mandate to regulate deep-water fi sheries. CCAMLR, 
Convention for the Conservation of Antarctic Marine Living Resources; GFCM, General Fisheries Commission 
for the Mediterranean; NAFO, North West Atlantic Fisheries Organization; SEAFO, South East Atlantic Fisheries 
Organization; NEAFC, North East Atlantic Fisheries Commission (Source: P. Hoagland, WHOI). The boundaries 
shown are purely indicative, have no jurisdictional basis and do not imply any expression of any opinion of the 
publishers or authors concerning the legal status of any country, territory or area, or concerning the delimitation 
of its frontiers or boundaries.
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implement measures for species and habitats which it considers to be threatened by fi sh-
ing. OSPAR is permitted only to notify the respective ‘competent authorities’ (Article 4(1),
Annex V) for waters outside national jurisdiction, in this case the North East Atlantic 
Fisheries Commission (NEAFC).

WWF proposals for seamounts

The World Wide Fund for Nature (WWF) has proposed several seamounts to OSPAR 
as candidate MPAs in territorial waters (Formigas Bank, regional marine reserve in the 
Azores since 1988), in EEZs of Contracting Parties (Galicia Bank, Spain; Gorringe Bank, 
Portugal), and in waters beyond national jurisdiction (Josefi ne Bank, between mainland 
Portugal and Madeira Portuguese EEZs) (http://www.ngo.grida.no/wwfneap/Projects/
MPAmap.htm, last accessed 21 September 2006). Information on seamounts in the NE 
Atlantic has been reviewed (Gubbay, 2003). Global experiences with seamount protection 
and management were compiled and applied to the OSPAR and EU context to enhance the 
establishment of seamount MPAs in the NE Atlantic (Schmidt and Christiansen, 2004). By 
the end of 2006, only the Formigas/Dollabarat Bank and the D. João de Castro Seamount 
have been nominated (by Azores/Portugal) for inclusion in the OSPAR MPA network, due 
to be fi nalized by 2010 (see section below on national action). No other seamounts or 
offshore banks are expected to be listed in the near future, as most Contracting Parties are 
struggling with selecting and designating sites for the Natura 2000 network in territorial 
waters, which is an EU commitment (see below). WWF has also prepared a justifi cation 
for the Lucky Strike as an offshore MPA and the Rainbow Hydrothermal Vent Field for a 
high seas MPA. In 2006, these two deep-sea sites, together with Menez Gwen (see also 
Santos et al., 2003), were proposed by Portugal/Azores as offshore MPAs. Both OSPAR 
and WWF are proceeding with the evaluation seamounts and/or other deep-sea habitats as 
potential MPAs beyond national jurisdiction in the NE Atlantic.

North East Atlantic Fisheries Commission

The NEAFC has the competence to regulate fi sheries through various mechanisms, 
including gear restrictions and closed areas, in the waters beyond national jurisdiction in 
the NE Atlantic. This competence is limited to activities related to the conservation of 
‘fi shery resources’ (Article 1, para. 2). Consequently, NEAFC does not have a clear man-
date to establish closed areas to protect seamounts or cold-water corals solely for their 
biodiversity. Widening the scope of NEAFC to include all living marine resources and the 
effect of fi sheries on other parts of the ecosystem are being examined (NEAFC, 2005a).

NEAFC has responded to growing international pressure to protect cold-water corals 
and seamounts. Understanding that it should be more proactive pending the expansion of 
its legal mandate, NEAFC agreed in 2004 to close four seamounts to fi shing with demer-
sal trawl and static gear for 3 years, two on the Mid-Atlantic Ridge, and two in the ocean 
basins to the east and west, as well as a section of the Reykjanes Ridge (NEAFC, 2005b) 
(Fig. 20.3). On the other hand, proposals from OSPAR and Norway to close the western 
slopes of Rockall Bank and part of the Hatton Bank to fi sheries were not accepted, both 
areas being under signifi cant fi shing pressure. ICES (the body advising NEAFC, OSPAR, 
and European Commission) subsequently advised that closures were necessary to protect 
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corals in these two areas from fi shing impacts (ICES, 2005). This is consistent with the 
ICES advice that the deep-water fi shery is unsustainable and that, ‘the only proven method 
of preventing damage to deep-water biogenic reefs from fi shing activities is through spatial
closures to towed gear that potentially impacts the bottom’ (ICES, 2002).

European Union

A key environmental objective agreed by EU Heads of State and Government Council 
at Göteburg, Sweden, June 2001, is ‘to halt the decline of biodiversity by 2010’. The EU 
biodiversity policy is developing in the context of international commitments and tar-
gets (e.g., those agreed at WSSD, CBD Conference of the Parties 7, and by the regional 
conventions for the NE Atlantic (1992 OSPAR Convention), Baltic (1992 Helsinki 
Convention), and Mediterranean (1995 Barcelona Protocol)). Since 2002, the European 
Commission has sought to develop an ecosystem-based approach to promote the sustain-
able use of the seas and conservation of marine ecosystems, paying special attention to 
sites of high biodiversity.

The legal framework for establishing a European network of protected areas, Natura 
2000, consists of two major instruments: the EU Birds and Habitats Directives (79/409/
EEC, 92/43/EEC). The Habitats Directive lists marine habitats and species for which 
protected areas have to be designated. As a rule, a minimum of 20% of the respective 
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habitat occurring in the member state (Hab 97/2 Rev. 4) is required. As the hard substra-
tum environment of seamounts qualifi es under the ‘reefs’ habitat criterion, seamounts are 
represented in the Natura 2000 network. To date, only two seamounts in the NE Atlantic 
are protected by law and as part of Natura 2000 Sites of Community Importance: the 
Formigas and D. João de Castro Banks, both in the Azores. Management plans adopted 
for both need translating into conservation action.

The management framework for EU vessels fi shing in EU waters is provided by the 
CFP. Any number of measures can be taken under the CFP, including permanent restric-
tions (e.g., the proposed Azores bottom trawling ban, see below) and short-term emergency 
measures. Apart from site-based measures, the integration of environmental considerations 
into the CFP is intended to improve its focus on the wider marine environment. By provid-
ing for the regulation of fi shing activity more broadly, notably through effort reduction, 
the setting of catch and bycatch limits, and incentives to promote gear modifi cations, the 
CFP may have an indirect impact on seamount management. This includes measures to 
avoid the impact on non-target species through the development of a long-term strategy to 
protect vulnerable species (e.g., chondrichthyans). As in many places, progress within the 
European Commission as well as within governments is hampered by a sectoral approach 
to management and a legal system that prevents strict control over human activities.

Azores seamounts

The Azores archipelago consists of nine volcanic islands and several small islets along a 
tectonic zone in the mid-NE Atlantic (37–40°N, 25–32°W) (Fig. 20.4). The archipelago 
has the largest EEZ in the NE Atlantic, more than 1 million km2, with only 8% shallower 
than 1500 m, predominantly on the slopes of the islands and on emerging summits of 
seamounts and offshore banks. Some 140 seamounts are known in the Azores, and fi shing 
focuses on these features (see Chapter 16; Machete et al., 2005).

The marine environment of the Azores and its EEZ is of considerable conservation and 
biological interest, largely because of its isolation and relatively pristine condition due to 
pursuit of traditional rather than industrial fi shing (see Chapter 16; Santos et al., 1995). 
Nevertheless, Azorean waters have been affected by increasing human activity. As a result 
of ecological deterioration over recent decades, various legislative measures have been 
taken to preserve marine species and habitats. In 1988, the Azores government designated 
an MPA of 377 km2 to enclose the Formigas Islets and Dollabarat Bank and to 1800 m 
water depth. This constituted one of the fi rst seamount MPAs. The only fi shing activity then 
allowed was demersal and pelagic hook fi shing with open deck boats smaller than 14 m and 
pole and line for tuna, but in 2003 the MPA was increased to 595 km2 and the restrictions 
extended to all fi sheries. The maximum depths remained more or less the same.

With the application of the EC Birds and Habitats Directives in the Archipelago, 17 
marine Sites of Conservation Importance (SCIs) and 13 marine Special Protection Areas 
(SPAs) were designated (Council Regulation (EC) No. 11/2002). These include the 
D. João de Castro seamount and the Formigas/Dollabarat complex, but the maximum 
depth for the SCIs is 200 m. In mid-2006, all sites were integrated in a Sectoral Plan for 
Natura 2000 in the Azores (Decreto Legislativo Regional No. 20/2006/A) which estab-
lishes the scope and framework of conservation measures. However, whilst Natura 2000 
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has been the main driver for management and conservation of marine habitats in the 
region, it is limited in scope (Santos, 2004). Anticipating a revision of Natura 2000 to 
include habitats beyond 200 m deep, the Azores government has recently proposed Lucky 
Strike and Menez Gwen as two new sites for the network, under the classifi cation of reefs.

An important aspect of the conservation of Azorean deep-sea resources is that the 
Azores government and the fi shing sector decided to support the artisanal fi shery to 
ensure long-term sustainable use of the resource rather than industrializing the fi shery. 
Prohibition of bottom trawling and deep gillnetting, as well as pole-and-line fi shing and 
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reduced pelagic longlining, has resulted in a relatively low level of exploitation compared 
to that of surrounding waters.

Until the end of 2003, management of fi shing resources in the 200 nm zone around 
the Azores was the responsibility of the Azores government. Special access agreements 
under the EU CFP reserved the fi shing rights exclusively to Portuguese vessels in the 
Azorean EEZ. Revised legislation (Council Regulation (EC) No. 1954/2003) now allows 
the European deep-water fl eet to fi sh in the outer 100 nm from the islands. Bottom trawl-
ing has been temporarily banned since 2004 (Council Regulation (EC) No. 1811/2004) on 
the grounds that the previous management regime forbade it. An extended regulation was 
adopted a year later (Council Regulation (EC) No. 1568/2005) to protect deep-water coral 
reefs from the effects of fi shing in the Azores, Madeira, and the Canary archipelagos. 
Also, ICES reports cold-water corals on seamounts being threatened by bottom trawling. 
The hard bottom habitat hosting the corals requires designation of Natura 2000 protected 
areas (see above) and is on the OSPAR list of threatened habitats (see above). Therefore, 
conservation action has to be taken.

A ban on bottom trawling will not prevent an increase in fi shing effort on and near the 
seamounts, since large statistical rectangles used for setting of fi shing quotas allow for the 
displacement of effort of foreign vessels into the former Azorean fi shing zone. This will 
probably result in the usual pattern of consecutive overfi shing of seamounts, with concurrent
ecosystem effects, and loss of fi shing opportunities for the local community.

The Azores government is going forward with the designation of several more seamount 
MPAs using the Natura 2000 and OSPAR framework within a regional MPA network.
A proposal to manage Sedlo seamount in the north of the Azores as a MPA has been 
developed under the EC research project OASIS (Gubbay, 2005; Neumann et al., 2005). 
If implemented and well enforced this network will be of major importance to conserva-
tion of species and habitats of the northern Mid-Atlantic Ridge.

The Mediterranean

The Convention for the Protection of the Marine Environment and the Coastal Region of 
the Mediterranean 1976, as amended in 1995, applies throughout the Mediterranean. As 
most Mediterranean coastal states have not declared EEZs, due to boundary issues with 
neighbouring states, the high seas generally begin at the edge of the 12 nm territorial sea. 
Nevertheless, all areas of the seabed are under coastal state jurisdiction as part of their 
legal continental shelf (Tudela et al., 2004). To enable management of the Mediterranean 
Sea as an integrated whole, the Barcelona Protocol concerning specially protected areas 
and biological diversity is applicable to the seabed and subsoil as well as the waters above.

Under the Barcelona Protocol, Mediterranean states may designate ‘Specially Protected 
Areas of Mediterranean Importance’ (SPAMIs) in waters both within and outside national 
jurisdiction (Scovazzi, 2004). The SPAMI list may include sites that are important for 
conserving biodiversity in the Mediterranean, that contain ecosystems specifi c to the 
Mediterranean or the habitats of endangered species, or that are of special interest at the 
scientifi c, aesthetic, cultural, or educational levels (Article 8.2). SPAMIs beyond national 
jurisdiction must be agreed by consensus. Once agreed, all Parties to the Barcelona 
Protocol are bound to comply with management measures and may neither approve nor 
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undertake any actions that might harm them. Again, the Protocol excludes fi sheries regula-
tion. One high seas SPAMI already exists, the Pelagos Sanctuary for Mediterranean Marine 
Mammals (accepted 2001). About half the Sanctuary area is located in international 
waters beyond national jurisdiction, the rest is within internal maritime and territorial
waters of France, Italy, and Monaco (in total 84 000 km2).

WWF and IUCN strategy for seamount protection

There are substantial numbers of seamounts in the Gulf of Lions, Alboran Sea, eastern 
Tyrenian Basin, south of the Ionian Abyssal Plain, and in the Levantine seas. Biological 
data on most of these are scarce, and the best-known seamount is Eratosthenes south of 
Cyprus. WWF and IUCN proposed a two pronged approach for the conservation of bio-
diversity in the Mediterranean: fi rstly, a trawling ban in waters below 1000 m depth, which 
was adopted in 2005 by the General Fisheries Commission for the Mediterranean (the 
relevant RFMO); and secondly, inclusion of the best-known Mediterranean seamounts in 
a representative network of MPAs plus, on a precautionary basis, those of presumed bio-
diversity importance and most threatened by the potential development of human activities 
(Tudela et al., 2004).

Southern Ocean

Antarctic Protocol on Environmental Protection

The 1959 Antarctic Treaty area covers the continent and surrounding seas south of 
60°S. Territorial disputes have been set aside, so for the most part the marine regions are 
regulated as if the high seas begin at the shoreline. The 1991 Protocol on Environmental 
Protection and its fi ve annexes provide a broad remit to the Antarctic Treaty Parties to con-
serve and protect the environment and its biota. Annex V on Area Management provides 
for two categories of protected area: Antarctic Specially Protected Areas (ASPAs) and 
Antarctic Specially Managed Areas (ASMAs). To date, six ASPAs have been established 
that are fully marine. Two of these are quite large, the Western Bransfi eld Strait (900 km2)
and Eastern Dallman Bay (580 km2), and have benthic fauna of particular interest (CBD, 
2005). The Environmental Protocol covers most human activities. The principal exception 
is fi shing, which is regulated by the Commission for the Conservation of Antarctic Marine 
Living Resources.

Convention on the Conservation of Antarctic Marine Living Resources

Of the 30 plus RFMO agreements, the Convention on the Conservation of Antarctic 
Marine Living Resources (CCAMLR), adopted in 1981, is one of the few to refl ect eco-
system-based management. This approach applies to the conservation and rational use 
of marine living resources out to the limits of the Treaty area. It extends beyond fi sher-
ies to cover all associated and dependent ecosystems and species. Recognizing that the 
Southern Ocean ecosystem is poorly understood, diffi cult in terms of management and 
of extremely high conservation value, the Convention calls for cautious and conservative 
use. The measures taken include conventional fi shery closures, precautionary catch limits, 
bycatch minimization measures, and an ecosystem monitoring programme.
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The CAMLR Commission has recently initiated action to establish a comprehensive 
system of MPAs. In 2005 CCAMLR agreed on the need to develop a strategic approach to 
MPA design and implementation throughout the CCAMLR area, in harmony with meas-
ures taken under the Antarctic Treaty and the Madrid Environmental Protection Protocol 
(Grant, 2005). CCAMLR agreed on some basic parameters for MPAs with the general 
goal of maintaining biodiversity and ecosystem processes that could include the protection
of the following:

1. Representative areas.
2. Scientifi c areas to assist with distinguishing between the effects of harvesting and nat-

ural ecosystem changes, and to provide opportunities for understanding of the 
Antarctic marine ecosystem in areas not subject to human interference.

3. Areas potentially vulnerable to impacts by human activities, to mitigate those impacts, 
and/or ensure sustainability of the rational use of marine living resources.

In November 2006 CCAMLR adopted a Conservation Measure restricting the use of bot-
tom trawling gears in high seas areas of the Southern Ocean for a 2-year period. The meas-
ure also calls for a review of the use of bottom trawling gear in 2007 based on scientifi c 
criteria to determine what constitutes, ‘signifi cant harm to benthos and benthic species’
(CCAMLR Conservation Measure 22-05).

North West Atlantic

The Discovery Corridor Concept of the Department of Fisheries and Oceans Canada 
(DFO), represents an innovative way to focus research and education on a cross section of 
the Atlantic continental margin. The long-term objective is to provide advanced knowledge 
on conservation concepts and establish a network of ‘biodiversity reference areas’ encom-
passing both unique and representative areas. These areas could provide controls against 
which to measure changes in non-reference areas (Centre for Marine Biodiversity, 2004). 
The Gulf of Maine Pilot Corridor, a trans-boundary area along the Canadian–US border, 
extends from coastal areas to abyssal plains and includes the New England Seamount 
chain. Four seamounts within the US EEZ off the southern edge of Georges Bank (Bear, 
Physalia, Retriever, and Mytilus seamounts) and the minor topographic rises surround-
ing them, were proposed for designation as ‘Habitat of Particular Concern’ to the New 
England Fisheries Management Council in March 2005 (Auster and Watling, 2005). As 
these seamounts are presently not fi shed for benthic or demersal species, this is meant to 
be a precautionary measure to ensure long-term conservation of sensitive benthic habitats,
including a highly diverse and abundant cold-water coral fauna.

North East Pacifi c

Bowie Seamount Pilot MPA

Bowie Seamount is located 180 km west of Haida Gwaii (the Queen Charlotte Islands) in 
Canada’s NE Pacifi c. It rises to within 25 m of the surface from a depth of over 3000 m 
and is a productive ecosystem, rich in rockfi sh (Sebastes spp.) and benthic organisms 
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(McDaniel et al., 2003; WWF, 2003). Bowie’s shallow habitat is uncommon in the open 
ocean and its distance from the coast makes it relatively isolated ecologically; the only 
targeted commercial fi shery is for sablefi sh (Anoplopoma fi mbria).

In 1998, DFO identifi ed Bowie Seamount as a pilot MPA, and the area of interest has 
since expanded to include the neighbouring Hodgkins and Davidson Seamounts. But since 
establishing the pilot MPA, the process has stalled for a number of reasons. The Haida 
First Nation supports the site, but discussion about shared management of the area with the 
Government of Canada is tied to larger rights and title issues, making it complex to develop 
an agreement specifi cally around Bowie. Parties continue to work towards resolving
the issue.

Davidson Seamount

Davidson Seamount is about 120 km southwest of Monterey, California, outside the 
southern part of the Monterey Sanctuary. It rises 2300 m from the seafl oor with a summit 
at 1300 m water depth. Two government entities are considering measures that could pro-
tect the seamount from bottom trawling and other potential threats. The National Marine 
Sanctuary Program has proposed expanding the Monterey Bay Sanctuary to include 
the seamount and to prohibit fi shing on it. The Sanctuary Program has given the Pacifi c 
Fishery Management Council, a regional fi shery advisory body, and the option of draft-
ing any fi shing regulation. If successful, the Sanctuary Program will have the authority to 
provide comprehensive protection to the Davidson Seamount ecosystem. Another option 
is for federal fi shery management agencies to adopt measures to minimize adverse effects 
of fi shing on essential fi sh habitat of groundfi sh, as required under the Magnuson-Stevens 
Fishery Conservation and Management Act (16 USC 1853 Section 303(a)(7)). The Pacifi c 
Fishery Management Council and National Marine Fisheries Service (NMFS), the agency 
responsible for managing fi sheries in the US 200 nm zone, are considering proposed 
amendments to the Pacifi c Groundfi sh Fishery Management Plan that would prohibit bot-
tom trawling or bottom fi shing on Davidson Seamount. NMFS is scheduled soon to make 
a fi nal decision on those proposals, which have strong public support.

Alaska

In 2005, almost 1 million km2 of seafl oor, including seamounts, off the Aleutian Islands, 
USA, became exempt from bottom trawling, including 380 km2 banned to all bottom gear 
in the deep-sea coral and sponge gardens in the Aleutian Islands. In the Gulf of Alaska, 
7200 km2 of seafl oor are now closed to bottom trawling (www.fakr.noaa.gov/npfmc/current_
issues/HAPC/HAPCmotion205.pdf and http://www.fakr.noaa.gov/npfmc/current_issues/
HAPC/HAPCmaps205.pdf, last accessed 22 September 2006). The regulation was a com-
promise: the industry can keep its traditional trawling grounds, but cannot expand to those 
areas now closed because of their conservation status. Trawlers will also be allowed to 
continue netting fi sh in Aleutian areas historically yielding the best catches.

Indonesian Seas

In the Sulu-Sulawesi, one of the deepest regional seas (over 4300 m), seamounts are a 
feature of deep, yet nearshore, waters (Kahn, 2003), and so can often be managed under 
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national or even district maritime jurisdictions relating to the establishment of protected 
areas or management of fi sheries. Some nearshore seamounts are of tourism interest. 
In the rest of the eastern Indonesian Seas (Flores-Banda and into Bismarck-Solomon 
Seascapes) seamounts are plentiful in the deep basins, often rising �2000–3000 m. 
Regionally, seamounts are specifi cally identifi ed as oceanic habitats important for cet-
aceans, billfi sh, and tunas (Fortes et al., 2003). Several assessments are underway in 
Indonesia to include seamounts in MPA sites and in ecoregional/seascape planning. 
Indonesia’s new National Committee for Ocean Conservation is developing options for 
improved seamount management.

Australia

In 1999, Australia declared the Tasmanian Seamounts Marine Reserve (370 km2), 100 km 
south of Tasmania, to protect 15 seamounts representative of the region. The management 
plan details a vertical zoning into a ‘strict nature reserve’ (IUCN Category Ia) from 500 m 
water depth to 100 m below the seabed (to account for any extractive operations) and a 
management zone in the upper 500 m of the water column (IUCN Category VI). In the 
lower zone, fi shing and extractive operations are not permitted, and an access permit is 
required to enter the reserve at or below 500 m water depth. In the upper 500 m, access 
to commercial pelagic fl eets using non-trawl methods is by permit (Commonwealth of 
Australia, 2002). A research and monitoring programme, integral to the implementation 
of the management plan, has yet to be established.

New Zealand

Rapid development of New Zealand seamount fi sheries during the 1990s, and increas-
ing awareness of the nature of seamounts and impact of fi shing prompted the Ministry of 
Fisheries to close 19 seamounts in 2001, and develop a seamount management strategy 
(Brodie and Clark, 2004). The closures were declared after 2 years of negotiations with 
the fi shing industry. Although the closed seamounts are relatively deep and unfi shed, the 
industry questioned the legality of the closures. Further research and monitoring of the 
closed seamounts is planned.

High seas seamount conservation

Strategies for seamount conservation in areas beyond national jurisdiction include making 
better use of existing institutions and tools as well as further action where these fall short 
(de Fontaubert, 2001).

High seas MPAs

States can adopt MPAs and other conservation measures for seamounts in national waters, 
but in areas beyond national jurisdiction; this can be done only in cooperation with other 
states, based on scientifi c information and consistent with international law. A Ten-Year 
Strategy for the development of a system of high seas MPA networks developed by IUCN, 
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government, and NGO experts (IUCN, 2004) highlights short-, medium-, and long-term 
steps that states, NGOs, scientists, and others can pursue to establish high seas MPAs (see 
CBD, 2005, for more detailed information on high seas MPAs). A number of regional 
instruments already authorize the establishment of protected or strictly managed areas in 
waters beyond national jurisdiction. Thus in the NE Atlantic, Mediterranean, and Southern 
Ocean, states could include high seas seamounts within regional networks of protected 
areas. Protective measures would be binding on regional participants, though not on non-
Parties from outside the region. To protect a seamount area or cluster from adverse impacts 
of shipping, seabed mining, or fi shing on the high seas, it is generally necessary to obtain 
the consent of the relevant international organization or regional fi sheries body. The IMO 
may designate ‘Special Areas’ where vessel discharges are more stringently regulated, and 
Particularly Sensitive Sea Areas (PSSAs), which alert the maritime community to the need 
for a high level of caution. PSSAs also serve as an umbrella for the adoption of other IMO 
routing, reporting, and discharge-related measures. The ISA is authorized to set aside areas 
as ‘preservation reference zones’ in which no mining shall occur. The FAO is now develop-
ing guidelines for the use of MPAs for fi sheries-related purposes, and most RFMOs have 
the ability to adopt closed areas and other specially managed areas for conservation of tar-
get fi sh stock and sometimes for broader biodiversity purposes (CBD, 2005).

In addition to the sector-specifi c approach, there are fi ve mechanisms under existing 
international law through which countries can agree to regulate their activities to protect a 
high seas area:

1. Through the Convention on Migratory Species and its provision for sub-agreements, 
states can identify and protect seamounts that serve as important breeding or feeding 
habitats or are located along migration corridors for species such as sea turtles, marine 
mammals, and seabirds.

2. States can agree to pursue a new agreement to protect a specifi c seamount or cluster, 
e.g., the agreement between Canada, France, UK, and US to preserve the wreck of the 
Titanic.

3. Regional seas conventions and bodies that cover areas beyond national jurisdiction 
could establish cooperative programmes with other organizations that focus on specifi c 
areas. For example, regional seas organizations and RFMOs can agree to adopt com-
plementary programmes and regulations aimed at protecting biodiversity in specifi c 
seamount areas.

4. Nations and regional and international organizations could develop cooperative pro-
grammes to protect seamount areas that straddle national and international waters.

5. MPAs can also be based on non-binding agreements and codes of conduct. Non-legal 
designations such as UNESCO Biosphere Reserves or PSSAs could be used to high-
light the signifi cance of the area and to encourage the adoption of protective measures 
for shipping and other impacts. Voluntary codes of conduct can also be used to guide 
marine scientifi c research, cable laying, bioprospecting, and other potentially harm-
ful activities. These can be adopted by a relevant international organization (e.g., the 
Intergovernmental Oceanographic Commission) or through professional associations.

In summary, there are opportunities for states to use existing legal agreements and to 
develop agreements both voluntary and binding among themselves to protect specifi c 
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seamount areas. This requires strong political support from key states, clear identifi cation 
of potential candidates, and high-quality scientifi c information. The cooperation of all rele-
vant user groups is essential and would be diffi cult without a legally binding agreement 
on enforcement.

Pursuing seamount conservation through RFMOs

RFMOs could provide the most direct route to establishing protective measures for 
seamount ecosystems beyond national jurisdiction. Under the Fish Stocks Agreement, 
RFMOs should be able to enforce gear restrictions, as well as closed or strictly regulated 
areas, to protect seamounts from harmful fi shing activities. Of over 30 RFMOs, few have a 
mandate for managing deep-water fi sheries. Even fewer have measures to prevent destruc-
tion of vulnerable ecosystems under their remit (see above; High Seas Task Force, 2005). 
RFMO competence often extends only to pelagic fi shing activities and only permits them 
to regulate activities to conserve target fi sh stocks, not living marine resources or biodiver-
sity in general (Molenaar, 2005).

In recent years, the global call for implementing conservation measures has become 
ever louder. Thus more protective measures, such as those adopted by CCAMLR, NEAFC, 
and the General Fisheries Commission for the Mediterranean, can be expected. However, 
the small scale of areas protected in most regions compared to the areas where bottom 
trawling is still permitted suggests that RFMOs other than CCAMLR remain reluctant 
to act proactively. Most still prefer to act only when a strong link can be demonstrated 
between seamounts and essential habitat for commercial fi sheries (and the impacts on 
existing fi sheries are minimal). This requires a high level of scientifi c data and certainty, 
elements lacking for the vast majority of seamounts and associated fi sheries.

Efforts are required to improve the capacity of RFMOs to ensure that: (1) ecosystem-
based management is applied, including the elimination of destructive fi shing practices 
and the use of MPAs; (2) all areas and all fi sheries are regulated; and (3) fi shery manage-
ment organizations are effective, transparent, participatory, and accountable. This would 
include establishing new management bodies or expanding the legal authority of RFMOs 
or other bodies to enable them to adopt conservation measures as envisaged by the Fish 
Stocks Agreement to protect biodiversity (including on seamounts) wherever high seas 
fi shing activities occur. Many are also proposing some form of institutionalized oversight 
of the performance of RFMOs to increase their accountability (Lodge and Nandan, 2005). 
States have so far agreed only to a self-assessment by RFMOs, not the independent audit 
that is required for full transparency and accountability.

In the broader context of high seas fi sheries governance, efforts are also required to 
eliminate the overcapacity of fi shing vessels and the excessive killing power of current 
fi shing technology, end illegal, unreported, and unregulated fi sheries and establish mech-
anisms for effective high seas enforcement (Gjerde, 2005).

Integrated seamount conservation and management in international waters

Efforts to ensure integrated, comprehensive, and precautionary management for all the high 
seas are essential. Seamounts are just one example of high seas and deep ocean biodiversity 
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impacted by human activities. Efforts to establish MPA networks for seamounts in areas 
beyond national jurisdiction will be stymied if outside infl uences undermine them, or if 
other threats to high seas ecosystems and biodiversity are not controlled.

An implementing agreement to UNCLOS proposed by the EU could improve global 
efforts at conservation and sustainable use of marine biodiversity in areas beyond national 
jurisdiction. Such an agreement could ensure regulation of all human activities, including 
destructive fi shing practices, provide mechanisms for the establishment and enforcement 
of an integrated network of MPAs, and improve coordination between existing regulatory 
frameworks and bodies with competence over specifi c areas or activities. This remains a 
key topic for discussion within the United Nations.

Conclusions

Few seamount ecosystems have been studied in detail, and there is an urgent need to 
greatly increase our understanding of biology and ecology over the full spectrum of 
seamount morphology and oceanographic conditions. There is wide scientifi c consen-
sus that seamount ecosystems are under threat, and that effective management strategies 
are urgently needed. Seamount conservation worldwide lags behind recognition of the 
problem and behind measures for coastal areas. Questions regarding deep-water fi sher-
ies on seamounts were raised in the early 1990s (by ICES, Northwest Atlantic Fisheries 
Organization), but concern has gathered momentum. Nevertheless, there are still calls for 
more proof of damage to seamount ecosystems. Information on sensitivity and vulner-
ability of seamount ecosystems points to the necessity of taking a highly precautionary 
approach to managing activities close to seamounts.

Pelagic fi sheries in waters beyond national jurisdiction are covered by some agree-
ments, though not necessarily successfully. Demersal fi sheries on the other hand are more 
or less unregulated. RFMOs, where in place, and competent to regulate demersal fi sher-
ies, have only recently had the mandate to act on the basis of environmental concerns. 
Ecosystem-based management of human activities, in particular fi sheries, is required 
which aims at long-term sustainable fi shing based on non-destructive practices.

Governance solutions are needed because of the complexity or absence of a regulatory 
framework, as in waters beyond national jurisdiction. There is a need to establish a new 
UN treaty and authority to implement the requirements of UNCLOS for the conserva-
tion and sustainable use of marine biodiversity in areas beyond national jurisdiction. This 
could ensure precautionary regulation of all human activities and provide for the estab-
lishment and enforcement of an integrated network of MPAs. Such a move could also 
help in coordinating the actions of existing regulatory frameworks and bodies with com-
petence over specifi c areas or activities (e.g., FAO and RFMOs for fi sheries and ecosys-
tem conservation and management; IMO for attention to high seas areas; ISA for deep 
seabed mining and environmental protection), and make codes of conduct stronger and 
more explicit.

Many management instruments are known (e.g., MPAs, closed areas, site-based effort 
control, licensing, gear restrictions), but they have not been widely applied to seamounts, 
nor have their effects been properly tested at seamounts. Although existing fi sheries
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management tools are available, management units may need to be reduced to refl ect the 
seamount scale of fi sheries. Also, fundamental fi sheries management questions, such as 
subsidies, may mask the real productivity of deep-sea fi sheries and prolong the economic 
viability of fi shing depleted stocks.

Policy and management must be supported by a robust body of scientifi c information 
from seamount researchers (hence the role of SeamountsOnline and Census of Marine Life 
on Seamounts (CenSeam) projects, see Stocks et al., 2004). Lack of knowledge due to lack 
of research and insuffi cient knowledge due to the vastness and complexity of the area to be 
investigated should not hamper action towards conservation and sustainable management. 
The precautionary approach has to be the guiding principle for management, so that envir-
onmental vulnerability is assessed before any new activity starts.

Recommendations

An array of short-, medium-, and long-term options will be needed to achieve the 2002 
WSSD’s goals of (1) ecosystem-based oceans and fi sheries management by 2010,
(2) prohibition of destructive fi shing practices, (3) establishment of MPA networks by 
2012, and (4) fi sheries closed areas. The short-term options are essential to ensure there is 
still something left to protect when longer-term reforms are enacted.

Short term

States, scientists, and conservation organizations to

1. Work for the immediate development and adoption of precautionary regulations and 
measures to protect, conserve, and sustainably manage human activities at seamounts 
to prevent deliberate or accidental damage.

2. Work for adoption of a UNGA resolution for an interim prohibition on high seas bot-
tom trawling until scientists have adequately identifi ed and studied seamounts, and a 
more comprehensive protective regime has been put in place.

3. Develop an exchange of information and data with the sectors and industry associ-
ations that potentially operate at seamounts.

Coastal states to

1. Identify and protect seamounts in their waters from harmful practices (as is their obli-
gation under UNCLOS Articles 192, 193, 194.5).

2. Invest more research, including the use of modern technologies for habitat mapping 
and visual inspection of seamounts, in particular where they are far offshore.

Scientists, scientifi c, and conservation organizations to fund and cooperate in develop-
ing and improving the SeamountsOnline database and maps to make it the central global
seamounts database.

Coastal states and the scientifi c community to strengthen their cooperation, exchange 
of expertise, and logistical support for more effi cient seamount research.
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Medium term

States to use existing legal agreements and develop voluntary agreements to protect specifi c 
seamount areas. Concerned states can take the fi rst steps and encourage other states to join 
in, or work in collaboration with many. States, scientists, and conservation organizations to

1. Implement the FAO Code of Conduct in waters under their national jurisdiction, and 
states and RFMOs with respect to high seas fi sheries. This could signifi cantly improve 
deep-sea fi sheries management and protection of seamount ecosystems.

2. Support proposals for protective and precautionary measures for seamounts through 
RFMOs, and to work within regional seas agreements to elevate the priority of 
seamount conservation, including through MPAs.

3. Promote full implementation of the Fish Stocks Agreement, as well as its extension or 
a similar agreement to discrete high seas fi sh stocks, complemented by a global mech-
anism to oversee RFMO performance.

4. Promote reforms within RFMOs as well as more broadly in high seas fi sheries govern-
ance to enable resource management bodies to adopt ecosystem-based management. 
This would address the need to eliminate destructive fi shing practices, reduce bycatch, 
and adopt MPAs (and closed areas) for both fi sheries conservation and biodiversity 
protection.

5. Promote and conduct impact assessments prior to the start of human activities directly 
or indirectly affecting seamount communities and habitats and take the necessary 
measures to prevent, reduce, or eliminate adverse effects.

6. Become more heavily involved in the development of regulations at the International 
Seabed Authority for exploration and prospecting of polymetallic sulphides and cobalt 
crusts on seamounts. As required by UNCLOS, such regulations should prevent pol-
lution, protect and conserve the natural resources, and prevent damage to the marine 
biota.

Long term

States, scientists, and conservation organizations to promote the development of an imple-
menting agreement to UNCLOS for the conservation and sustainable use of marine bio-
diversity in areas beyond national jurisdiction. This could ensure regulation of all human 
activities and elimination of destructive fi shing practices, provide mechanisms for the 
establishment and enforcement of an integrated network of MPAs, and better coordinate 
the actions of existing regulatory frameworks and bodies with competence over specifi c 
areas or activities.

Coastal states need to ensure that an adequate representation of the range of seamount 
types is included in national and regional networks of MPAs.
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The depths of ignorance: an ecosystem 
evaluation framework for seamount ecology, 
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Abstract

Seamounts are some of the least known habitats on the planet. Indigenous people and 
early navigators knew of some of them, but we are only just fi nding out that there may 
be 100 000 large seamounts and up to a million smaller features. Seamounts are steep-
sided underwater volcanoes with a geological life history. The physical characteristics 
can generate upwelling of nutrients, the formation of density cones or the retention of 
water masses. These hydrological phenomena may lead to local enhancement of primary 
production. However, a more important mechanism appears to be the trapping of small 
migrating organisms, both zooplankton and mesopelagic organisms, over the summit and 
fl anks, depending on the depth of the peak. As a result, larger mobile sea creatures visit 
seamounts to feed on the concentrations of small organisms. Species of seabirds, sharks, 
tuna, billfi sh, sea turtles and marine mammals can aggregate at seamounts to ‘raid the lar-
der’, and sometimes to spawn. Seamount biota, especially fi shes but also corals, present an 
attractive target for human exploitation. Small-scale artisanal fi sheries from oceanic island 
chains have, for generations, taken advantage of life on nearby seamounts and have proven 
sustainable over long periods. Large-scale fi sheries, in contrast, have a poor record of sus-
tainability, often causing serial and serious depletion of fi sh on seamounts. Unregulated 
distant water fl eets overexploited many high seas seamount areas in the 1970s and 1980s, 
and catch data from this period is only now being fully assembled and analysed. Trawl 
gear destroys delicate and long-lived benthic organisms such as cold water corals and 
sponges. Seamounts need some protection from trawling and other fi shing, and rational 
management if they are to provide sustainable fi sheries as well as serve as reservoirs of 
abundance and biodiversity; ‘islands in the deep’. We present a two-part ecosystem evalu-
ation framework (EEF) for seamounts by pulling together information from the preceding 
chapters. Part A scores the extent of our knowledge about individual seamounts: a more 
detailed version might express the extent of local enhancement of biomass and biodiver-
sity. Part B assesses the severity of a range of threats, mainly from human fi sheries, to the 
abundance and diversity of living organisms found at individual seamounts.
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Introduction

The smallest rock in the tropical seas, by giving a foundation for the growth of innu-
merable kinds of seaweed and compound animals, supports likewise a large number 
of fi sh. The sharks and the seamen in the boats maintained a constant struggle 
which should secure the greater share of the prey caught by the fi shing-lines. I have 
heard that a rock near the Bermudas, lying many miles out at sea, and at a consid-
erable depth, was fi rst discovered by the circumstance of fi sh having been observed 
in the neighbourhood.

Charles Darwin (1839), Voyage of the Beagle, Chapter 1, 
St Jago – Cape de Verd Islands.

The apparently featureless ocean is packed with many tens of thousands of large 
seamounts, formed from extinct volcanoes. Seamounts ecosystems are islands of abun-
dance, biomass and biodiversity in the oligotrophic deep ocean, but their discovery is quite 
a recent story. In the quote above, Darwin is clearly describing a shallow seamount and its 
associated fi sh fauna; as was his wont Darwin correctly guessed that fl at-topped seamounts 
(‘guyots’) provide a base for coral reef formation. Darwin’s ‘discovery’ would have been 
old news to indigenous people, who, as in the case of Polynesian navigators, had a phe-
nomenal knowledge of ocean features and currents. They may also have been attracted by 
birds feeding on forage fi sh1 forced to the surface by predators, a process termed ‘trophic 
mediation’ which we will consider again in the case of corals and sponges.

Seamounts entered the European scientifi c canon on 2 July, 1869, when the Josephine 
Bank in the eastern north Atlantic was found and named by the Swedish Navy Corvette 
Josephine (Chapter 3). Research on seamount ecology began in earnest in the 1950s, 
with the application of underwater sonar and the development of survey devices such as 
Doppler and scanning sonar (Simmonds and MacLennan, 2005), that can measure cur-
rents and the movement of fi sh and small mesopelagic organisms. Since then, the ubiquity 
and pivotal role of these ‘islands in the deep’ has begun to emerge and provides the basis 
for the 21 chapters of this book.

Physics and geology

Seamounts are undersea mountains characterised by their height above the surrounding 
abyssal plain, depth of the peak below the surface and to some extent, steepness of slope. 
Nearly all seamounts are underwater volcanoes: they represent about 20% of global vol-
canic extrusions so that their distribution relates directly to spatial and temporal variations 
in intra-plate volcanic activity. Since they tend to occur in island arcs, where their loca-
tion intercepts global water currents their geomorphology enhances the trapping of water 
masses in several ways. Seamounts have unique ‘magnetic signatures’, which may contrib-
ute to their location and use as rest stops and ‘cafés’ for sharks, whales and other migrants.

1  This raises the question of what is, and is not, a ‘seamount species’. Sardines (Sardinops sagax)
are often found over seamounts, but were excluded from catch in Chapter 18, as their global catch 
of 4.5 million tonnes would swamp all else. The presence of sardines over seamounts would attract 
birds and hence early navigators.
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Seamounts obstruct currents and thus enhance tidal dissipation. Several mechanisms 
can enhance upwelling of nutrients. Formation of Taylor caps and wake effects may trap 
water masses and create upwelling currents. Taylor columns (Chapter 4) are formed by the 
effect of the Earth’s rotation on directional current fl ow split by a seamount. Intriguingly, 
the great red spot of Jupiter may have been the fi rst Taylor column to be described 
(Chapter 3). Stratifi cation of water may turn the spinning column into a Taylor cap (or 
cone). Taylor caps form, or not, over a particular seamount depending on width, local cur-
rent and tidal fl ow, height and the Coriolis force, which varies by latitude. The Rossby and 
Burger numbers can forecast where a Taylor cap may form (Chapter 4), some seamounts 
always producing Taylor cones, others only intermittently or not at all.

Taylor cones encourage a doming of water density layers, which in turn creates two 
physical effects, each with biological implications. First, below the thermocline, isolated 
topographic features may produce large vertical displacements in the density gradient 
so that small deep seamounts can cause signifi cant local current structures so that deep 
seamounts over about 0.5 km in height are especially important in producing density-
layered domes of water. Secondly, density domes over shallow seamounts may reach the 
euphotic zone and have powerful effects on local plankton abundance including increased 
vertical mixing. In addition, tides can generate similar density cones and wave spin-offs 
over seamounts (Chapter 4), and eddies like this can be formed by several different mech-
anisms. Chapters 4 and 5 outline considerable fi eld evidence for all of these processes, 
although no one seamount may exhibit all of them, and some seamounts may show none.

Seamount biota

There is therefore a range of hydrological features that may lead to higher local produc-
tion and biomass, although not all of them may be observed at any one seamount, and they 
may operate intermittently or for most of the time. Although oceanographic processes such 
as Taylor columns have the potential to hold water over seamounts for periods of several 
days, it is unlikely that planktonic communities over seamounts are signifi cantly and per-
manently different from those in the surrounding ocean. There is evidence that seamounts 
can cause upwelling of nutrients, with consequent enhancement of the rate of primary pro-
duction. Seamounts that come close to the surface may well cause eddies downstream of 
the current with resulting differences in the planktonic community from surrounding open 
ocean areas. A few very shallow seamounts with macrophytes host signifi cant commu-
nities. Higher primary production may be expected over some seamounts, but has not been 
widely observed and may not be as widespread a phenomenon as was once thought. Indeed, 
modelling (Chapter 12) supports this empirical evidence, which suggests that enhanced 
local primary production would rarely be suffi cient or widespread enough to account for 
the high biomass of both resident and visiting organisms often found at seamounts.

Enhanced current fl ows on the tops and fl anks of seamounts may encourage higher 
abundances of sessile fi lter feeding organisms such as corals and sponges, provided they 
are within range of sources of settling larvae for colonies to be founded. The fi xed nature 
of benthic animals makes it more likely that seamount communities are different from 
the surrounding ocean. If the seamount is very tall, the benthic community of the upper 
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slopes will be very different from the abyssal benthic community, mainly because phys-
ical conditions are so different. Distance from a continental shelf may also determine 
how endemic the benthic fauna is. It appears that the invertebrate benthic communities 
of seamounts are more often not similar to those found on nearby shelves (Chapter13). 
However, some communities are very different from those elsewhere in the nearby 
region, as shown in Chapters 7 and 9 where a few seamounts in the SW Pacifi c appear to 
have high levels of benthic invertebrate and coral endemism. Many of the organisms on 
seamounts are long lived and slow growing, making the community relatively unproduct-
ive and vulnerable to exploitation and damage.

Benthic-structuring organisms such as corals and sponges can live hundreds of years 
and can be extremely slow growing. The interdependence of seamount fi sh and other 
motile species with benthic-structuring organisms is unknown, but the ‘feed rest’ hypoth-
esis (see Chapters 5, 6, 8 and 10A; Genin, 2004) suggests they may be important to both 
the safety and energy budgets of these and other fi sh. The role of benthic structure in the 
spawning and rearing of commercial and other species is equally dark but likely signifi -
cant. Chapter 8 raises serious concerns about the ability of corals destroyed by trawling to 
recover, or to recolonise under current and anticipated climate regime.

For many benthic animals on seamounts a major problem is to evolve a life cycle that 
ensures that suffi cient new recruits join the local populations. With water passing continu-
ously over the top of the seamount, and being held up for only 2–3 weeks by Taylor pro-
cesses and by eddies, planktonic larval stages have to be short enough to ensure that there 
will be a shallow surface to settle on. Evidence presented in Chapter 13 shows that for 
species of both invertebrates and fi sh that live over shallow seamounts, larvae are in the 
plankton for less time than is true for species that live in equivalent shelf and slope waters.

There is strong evidence that vertically migrating zooplankton can be advected over 
seamounts at night then and so prevented from returning to the depths. These trapped 
plankton concentrations around and over seamounts will attract fi sh that feed on plankton 
and may well enhance food supplies to sessile fi lter feeders anchored to the seamount. In 
this way a seamount will have the same infl uence on the plankton community as would an 
island or an oceanic front between two water masses. Given that temporary concentrations 
of plankton occur suffi ciently often, a seamount can become a location that attracts plank-
tivorous fi sh and their predators. The consistency with which plankton concentrations are 
found will determine how permanent these aggregations of fi sh are. There is evidence that 
tuna, sharks, turtles and some marine mammals and seabirds spend time feeding around 
seamounts, although it is unlikely that they remain over one seamount for more than a few 
days (Chapter 10A and B; Chapter 12A–C).

Where all of these factors act together, it is possible that some seamounts may gener-
ate suffi cient settling detritus to encourage a resident detritivore community (such as rock 
lobsters), and hence attract resident small fi sh and cephalopods (Chapter 14).

Small-scale seamount fi sheries

Many seamounts are close to inhabited islands, such as the Azores or Hawaii. People 
on these islands have a long history of fi shing over nearby seamounts, as detailed in 
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Chapter 16. Many of the small-scale fi sheries exploit deepwater fi sh using relatively sim-
ple gear and labour intensive equipment. This means that fi shing pressure is relatively low 
and such fi sheries have proved to be sustainable over long-time periods. Although the glo-
bal catch of fi sh from small-scale seamount fi sheries is estimated to be about 250 000 t, 
this is probably a very poor estimate. In many locations local landings by artisanal fi shers 
are from a variety of locations in particular from shallow tropical coral reefs. There is no 
good way in which to separate the landings from those that come from local seamounts. 
Nevertheless, the cultural, social and economic importance of artisanal seamount fi sh-
eries are locally very signifi cant. Very often, fi shing is one of the only occupations that is 
available for the inhabitants of an island so that many people will be dependent on the catches 
from small-scale seamount fi sheries, as indicated by the per capita annual consumption esti-
mate of 37 kg from seamount fi sheries compared to a global average of 13 kg (Chapter 16).

Large-scale seamount fi sheries

Large-scale trawl fi sheries on offshore seamounts have a much more recent history than 
do the island-based artisanal fi sheries. They developed from 1960s to 1970s when large 
trawlers from primarily the USSR and Japan searched the world’s oceans for fi sheries 
resources. Some high-volume fi sheries were developed for deepwater species like pelagic 
armourhead (Pseudopentaceros wheeleri), alfonsino (Beryx splendens), orange roughy 
(Hoplostethus atlanticus), oreos (Oreosomatidae) and grenadiers (Coryphaenoides
rupestris). The cumulative catch from these fi sheries is estimated at over 2 million tonnes 
(Chapter 17). These fi sheries have not proven sustainable, in many cases lasting a decade 
or less (Chapters 17 and 18). In part this is because deepwater species often have bio-
logical characteristics that make them less productive and more vulnerable to overfi sh-
ing than shallower shelf or slope species (Chapter 9), but also the development of fi shing 
technology in the late twentieth century that allowed seamount features (and their fi sh) to 
be consistently located and successfully fi shed.

Impacts on ecosystems: biota/habitats

The effects of fi shing on seamounts are basically the same as on other habitats. In Chapter 
19 the types of fi shing gear and their effects are described, and there is nothing specifi c to 
seamounts for most of them. However, seamounts are often the only features at suitable 
depths for commercial species of demersal fi sh in large areas of the abyssal ocean plains –
true ‘islands in the deep’. Because fi sh can be localised over and around seamounts, so 
are their fi sheries. Studies off New Zealand and Australia document very high levels and 
densities of bottom trawling on small seamounts for orange roughy, and hence the impacts 
can be highly concentrated. Technology has contributed to this, with development of 
global positioning systems (GPS) in 1980s–1990s making it possible for seamounts to 
be easily and consistently located, and with design of trawl gear that can fi sh rough, hard 
seafl oor and the introduction of factory and freezer trawlers that can stay at sea for long 
periods and process large quantities of fi sh. Trawling, and its associated impacts on 
seamount fi sh and habitat, can operate 24 h a day, 7 days a week. Without management, 
fi sh stocks and fragile seamount ecosystems are highly vulnerable.
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Management issues at seamounts

While a large undersea mountain 5–10 km across may seem rather obvious feature, on a 
global scale the numbers and locations of many seamounts remain unknown. For example 
in 2005, an American submarine ran into an uncharted Pacifi c seamount (Fig. 21.1), and 
in 2004 the Norwegian RV G.O. Sars involved in the CoML project MAR-ECO iden-
tifi ed a set of topographic features at the Mid-Atlantic Ridge between the Azores and 
Iceland that were either not charted or mistakenly represented in available bathymetry. 
Determining the number and location of seamounts presents several problems. Precise 
hydrographic sonar surveys have charted many ocean areas, especially the exclusive eco-
nomic zones (EEZs) of developed nations and areas of strategic military importance, yet it 
would take thousands of years to survey all of the world oceans. Short cuts are the use of 
satellite altimeters or the use of detection algorithms on approximations of ocean bathym-
etry. Analyses presented in this book support an estimate of over 100 000 large seamounts, 
with many smaller ones waiting to be discovered; about 60% are located in the Pacifi c 
basin. Complete mapping of the world’s seamounts thus has important ramifi cations for 
marine geophysics, physical oceanography, marine ecology and fi sheries conservation.

Fig. 21.1 Many seamounts remain uncharted. On 8 January 2005, the US nuclear submarine San Francisco en 
route to Brisbane Australia for a port visit, ran into an underwater mountain at 35 knots about 350 miles south 
of Guam leaving one sailor dead: a number of sailors were awarded medals for bravery in dealing with over 70 
wounded. The seamount is now named the ‘San Francisco seamount’.

Management instruments

Seamount ecosystems exhibit a number of distinct features that make them of considerable 
interest to marine scientists, resource managers and those with an interest in marine con-
servation because they are particularly susceptible to fi shing both as habitats, but also due 
to the high vulnerability of seamount aggregating fi sh (Morato et al., 2006; Chapter 9). 
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Thus, for seamounts within EEZs, compliance with management and issues of precaution 
in setting quotas (FAO, 1995, 1996) are more critical when compared with those applied to 
continental slope fi sheries. For this reason it is probably safer to set up exclusion zones for 
fi sheries that are damaging to seamount biota, as they are easier to enforce than the quotas 
and effort limitation regulations commonly employed in the management of continental 
slope fi sheries.

Marine protected areas (MPAs) could be the most practical way of managing seamounts, 
but could they be effectively policed? The same question can be applied to trawl bans or 
any other restriction on the way fi shing is carried out. As has been shown in several chap-
ters in the book, seamount communities often have fi xed structures, such as cold water 
corals, that are very vulnerable to trawling. Without an effective way of limiting fi shing, 
these communities will be destroyed very quickly and would then take tens to hundreds 
of years to re-establish, if further trawling could be prevented. For some seamount areas 
around oceanic islands with a large EEZ, it might be feasible to create a large MPA area 
around the islands within which only local, artisanal fi sheries are allowed.

In some areas under national jurisdiction, unique regulations are coming in force. Of 
special interest is the case of the Azores seamounts. In this region, an autonomous region 
of Portugal and part of the European Union, small-scale artisanal fi sheries have been prac-
ticed for many years. Deep-sea trawling and other deep-sea nets have been forbidden here 
for many years. In 2005, the revised EU Common Fisheries Policy (CFP) created a huge 
area, encompassing the greater portion of the EEZ, where deep-sea trawl and other dele-
terious deep-sea fi sheries are excluded. This was extended to the two other Macaronesian 
archipelagos of the EU, Madeira (Portugal) and the Canaries (Spain). Also, in recognition 
of the distinctive features of the seamount fauna, the CFP is applied differently from other 
regions (see Chapter 20 for details). In fact, the ‘non-trawl area’ created (see Fig. 20.4) 
can be considered as an MPA. But, even for the Azores it has not been possible to reach 
agreement to extend the MPA far enough to include all the seamounts that are known in 
the Azores EEZ. The negative aspect of the CFP applied to the Azores is that it opened 
the area between the 100 and 200 miles to non-local fl eets and to EC central manage-
ment, leading to a huge increase (the fl eet has increased from around 10 ships to around 
150) of pelagic long liners whose main target is the swordfi sh (Xiphias gladius), but that 
are having high impacts in other species like pelagic sharks (Chapter 10B) and sea turtles 
(Chapter 12B). No proper impact study is under way.

The fact that more than half of the world’s seamounts are outside EEZs presents a ser-
ious challenge (see Chapters 2 and 20). Pitifully few are covered by international agree-
ments and/or conventions established in view to regulate and manage fi sheries in this high 
seas areas (see Fig. 20.2). They are therefore highly prone to pirate fi sheries and policing 
is a major problem.

Many international bodies and conventions now recognise the particular threat to these 
habitats. In Europe, OSPAR (Convention for the Protection of the Marine Environment 
of the North-East Atlantic) includes seamounts, and a set of other associated habi-
tats (e.g., Lophelia pertusa reefs and deep-sea sponge aggregations) and species (e.g., 
orange roughy) in an initial list of threatened and/or declining species and habitats 
(OSPAR, 2004). This creates obligations for the contracting parties towards the conserva-
tion of these habitats and species.
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No single management model is applicable to all seamounts. Measures are likely to 
range from activity-based restrictions to MPAs, and regulation of activities beyond the 
immediate vicinity of seamounts. Given the failure of many traditional management pro-
cesses in fi sheries worldwide (Pitcher, 2001, 2005; Pauly et al., 2002; Pauly and Maclean, 
2003; but see Hilborn, 2006), MPAs and moratoria for some fi shing technologies (e.g., 
deep-sea trawls) are of growing interest both in EEZs as also as in the high seas.

The high seas pose some complicated jurisdictional problems since, under the Law of 
the Sea, it is not technically possible for a state to create MPAs on the high seas. However 
the international community is discussing this issue and some NGOs have already made 
indicative applied proposals (Roberts et al., 2006). At present (2007), the main effort 
is concentrated on trying to obtain a Moratorium to the UN on ‘deep-sea bottom trawl 
fi shing on the high seas until legally binding regimes for the effective conservation and 
management of fi sheries and the protection of biodiversity on the high seas can be devel-
oped, implemented and enforced by the global community’ (see www.savethehighseas.org).

There are few effective ways to solve the high seas policing problem. Other remote 
areas of the world show similar problems. Policing the Patagonian toothfi sh (Dissostichus 
eleginoides) fi shery in the Antarctic has been poor despite using observers on board fi sh-
ing boats. In the case of the toothfi sh, a remedy is to monitor landings of the species and to 
require skippers to inform the management agency as to where the fi sh were caught. This 
approach is possible for a single species, but it would be diffi cult to implement a ban on 
landings of seamount fi sh as the fi sh communities on these structures are not necessarily 
unique (Chapter 9). How would one know that a given species had or had not come from a 
seamount? The alternative is to have observers on board vessels fi shing beyond EEZs, but 
they are subject to considerable pressure being the only representative of the management 
authority on board. It would hardly be feasible to have inspection vessels monitoring activity 
over remote seamounts, so it would be very diffi cult to prevent single vessels cruising the 
oceans fi shing over seamounts at will, as was done in the 1970s by vessels from the former 
USSR and Cuba (see Chapter 17). One glimmer of hope lies in the development of remote 
operated vehicles, in particular ‘ocean gliders’ that can remain at sea for 6–12 months, travel 
1000s of kilometres and carry a variety of sensors. Current cost for a glider is �$70 000. 
One possible use is to listen for ship activity and report by satellite. A pilot project to deploy 
‘Slocum’ gliders, named for the fi rst man to sail alone around the world (http://www.phys-
ics.mun.ca/~glider/) and manufactured by Webb Research (http://www.webbresearch.com/
index.htm) at Canada’s Bowie Seamount met with some technical diffi culty, but the tech-
nology holds a lot of promise (Dale Gueret, Integrated Coastal Management Coordinator, 
Personal Communication, 2006). The University of Washington in the US has a similar ‘sea 
glider’ (www.apl.washington.edu/projects/seaglider/new_note_seaglider.html).

We have no doubt that MPAs in some form will be a major tool in seamount conserva-
tion and restoration. In addition to the Azores, Madeira and Canary Islands in the Atlantic, 
there is already some protection for a few seamounts in the Pacifi c off New Zealand and 
Australia, while discussions continue in Canada and the US. As discussed above, policing 
will be hard, but enforcement and vigilance might be facilitated by space technologies 
including satellite tracking of fi shing vessels.

As shown in the next section, many seamounts we know something about are often 
heavily exploited and underexplored. More knowledge about how seamount ecosystems 
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work will aid future management, but of course we cannot wait around for that knowledge 
to be gained. In fact, we do not need more information to appreciate that most seamount 
ecosystems need protection now to recover, and really the only way to do that is to ban all 
trawling. The critical task is to fi nd a way of implementing such a ban in an effective way.

Conclusion: an EEF for seamounts

This chapter is a summary of the principal fi ndings presented in the 20 earlier chapters 
of this book. But we also present a novel synthesis in the form of an EEF that attempts to 
evaluate the status of seamounts worldwide.

Table 21.1 sets out the schema. The fi rst part derives from the EEF analysis set out 
in Chapter 14 and describes the important attributes, including geological, hydrological 

Table 21.1 The EEF for knowledge of seamount attributes according the scheme presented in Chapter 14. Each 
seamount in the analysis is scored using the table below. Knowledge of each attribute is scored on a scale of 1 
(completely unknown) to 4 (very well known).

 Knowledge score Notes

Oceanographic factors
Depth of peak  0–4 depending on how well known the measure is
Depth of surrounding ocean  
Height of peak
Slope of seamount
Proximity to shelf 
Proximity to neighbour seamounts
Ocean currents link to shelf
Ocean currents to neighbour seamounts
Taylor cap forms
Overall oceanographic knowledge status

Ecological factors
Macrophytes present
Corals present
Larval settlement regime
Nutrient upwelling occurs
Phytoplankton enhancement
Zooplankton enhancement
Deep scattering layer organisms entrapped
Settled fi lter feeders
Zooplankton migrates in feeding range
Predators/grazers present
Detritus build-up present
Detritivores present
Small resident invertebrate predators
Small resident fi sh predators
Resident cephalopods
Aggregating deep-sea fi sh
Visiting fi sh predators
Visiting elasmobranch predators
Visiting marine turtles
Visiting mammal predators
Visiting seabird predators
Overall ecological knowledge status



 The depths of ignorance: an EEF for seamount ecology, fi sheries and conservation  485

Part A: Seamount attributes
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Fig. 21.2 Knowledge EEF example for seven Azores and two Canadian seamounts.

and biotic features, that are found on seamounts and may contribute to their enhance-
ment of local biomass and biodiversity. Not all of these features occur on all seamounts 
and so this part of the evaluation framework scores their presence and likely magnitude. 
The actual values of each attribute will determine the extent of any local enhancement 
effect on the food web, and indeed that is the focus of Chapter 14, but, in this version of 
the EEF we score how much we know about these seamount features so that scanning the 
EEF immediately reveals the location and depth of our ecological ignorance.

Figure 21.2 applies the EEF for some Azores and Canadian seamounts as an example. 
Colour coding indicates the extent of our knowledge. Green means values of an attribute 
(e.g., peak depth) are accurately measured and known, through pale green and orange, 
meaning that values are indirectly estimated or inferred, to red, which means completely 
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unknown. It is clear that the two Canadian seamounts are on the whole better known than 
the Azores seamounts; probably because there have been research cruises directed at their 
oceanography and, to some extent, their biota (Stitt, 1993; Axys et al., 1999; Canessa 
et al., 2003; McDaniel et al., 2003; WWF, 2003). Cobb seamount lies in international 
waters just outside the Canadian EEZ (see map in Fig. 16.11; Chapter 20), and has had 
more research attention than Bowie, which lies inside the EEZ, as shown by the higher 
incidence of green shading. For example, a persistent Taylor cap has been measured on 
Cobb, but only inferred over Bowie: in the Azores nothing appears to be known about 
Taylor caps. On the other hand, visiting turtles are known from Azores seamounts prob-
ably because of a turtle tracking project in the region (see Chapter 12B), but are either 
absent or not recorded from the two Canadian seamounts.

The second part of the EEF scores the severity of threats posed by human activities, 
principally fi shing and other extractive exploitation of seamount resources (Table 21.2). An 
example of an EEF for threats to Azores and Canadian seamounts is shown in Fig. 21.3. It 
is evident that the overall fi sheries status of the six of the seven Azores seamounts is bet-
ter than those in Canada, mainly due to the absence of trawling: the PAL seamount in the 
Azores has a longline fi shery. Both Canadian seamounts have sporadic longline fi sheries 
for rockfi sh (Sebastes spp.), Pacifi c halibut (Hippoglossus stenolepis) and trap fi sheries 
for sablefi sh (Anoplopoma fi mbria); and were trawled in the years of Soviet exploration 
(see Chapters 17 and 20; Sasaki, 1986). Bowie has since been trawled since for halibut to 
some extent (Axys et al., 1999). Other EBM concerns are less for the remote Canadian 
seamounts than for those in the Azores, where coral and benthos damage is reported 
and there are serious turtle by-catch issues in the surface longline fi shery for swordfi sh 
(Morato et al., 2001).

Table 21.2 The EEF for threats to seamounts. Each seamount in the analysis is scored using the table below. 
Threats posed by each fi shery or factor are scored on a scale of 0 (no threat) to 10 (severe threats). Uncertainty 
in each score may be taken account of in the overall analysis.

 Status score Limits  Notes

  Low High

Fisheries
Trawl fi shery    Presence and status on scale 0
Longline fi shery   (none) to 10 (severe)
Handline fi shery
Purse seine fi shery
Others
Total fi sheries status

Conservation concerns
Corals and benthos damage
Turtle by-catch issues
Shark by-catch issues
Dolphin by-catch issues
Whale by-catch issues
Seabird by-catch issues
Others

Total conservation concern status
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Conclusions

Seamounts are important islands of biodiversity in the surrounding ocean. Seamount 
fi sh and benthic-structuring organisms such as corals and sponges can have very long 
lives. The extent to which ‘seamount fi shes’ rely on benthic structure for shelter, feeding, 
spawning and rearing is unknown, but is likely signifi cant. On the darkside, we present a 
history of serial depletion, destruction of benthos and handwringing about research costs 
and toothless international instruments.

On the bright side, we are now aware of these fragile but fascinating habitats. We have 
a better sense of fi shing levels that seamount populations might withstand. We can draw 
on indigenous and artisanal fi sheries for elements of sustainability. There is a growing 
international will to ban high seas trawling (with the exception of Canada and Iceland). 
MPAs have been set up and more are in the works. There are proven vessel monitoring 
systems, remote sensing satellite systems and promising low-cost innovations such as 
ocean gliders. It may be that the depth of our knowledge is starting to exceed that of our 
ignorance.

References

Axys, C., Fee, F. and Dower, J. (1999) The Bowie Seamount Area: A Pilot Marine Protected Area in 
Canada’s Pacifi c Waters, 72 pp. Fisheries and Oceans Canada, Vancouver.

Canessa, R.R., Conley, K.W. and Smiley, B.D. (2003) Bowie Seamount marine protected area: an 
ecosystem overview report. Canadian Technical Report of Fisheries and Aquatic Sciences, 2461, 
85 pp.

Darwin, C. (1839) Journal of Researches into the Geology and Natural History of the Various 
Countries Visitied by H.M.S. Beagle. Henry Colburn, London, UK.

FAO (1995) Code of Conduct for Responsible Fisheries, 41 pp. FAO, Rome.

A
co

re
s

C
av

al
a

C
o

n
d

o
r 

Fo
ra

C
o

n
d

o
r 

Te
rr

a

PA
L

S
ed

lo

V
o

ad
o

r

C
o

b
b

B
o

w
ie

Part B: Status in relation
 to threats

Trawl fishery
Longline fishery
Handline fishery
Purse seine fishery
Others

F
is

h
e

ri
e

s

Corals and benthos damage
Turtle by-catch issues
Shark by-catch issues
Dolphin by-catch issues
Whale by-catch issues
Seabird by-catch issues
Others

E
B

M
 c

o
n
c
e
rn

s

Total Fisheries Status

Total Conservation Concerns

Status
Drastic

Severe

Bad

Concern

Many issues

Some issues

Some issues

Reasonable

Fair

Ok

No issues

10

9

8

7

6

5

4

3

2

1

0

Fig. 21.3 Threats EEF example for seven Azores and two Canadian seamounts.



488  Seamounts: Ecology, Fisheries & Conservation

FAO (1996) Fishing Operations. FAO Technical Guidelines for Responsible Fisheries 1, 26 pp. FAO, 
Rome.

Genin, A. (2004) Bio-physical coupling in the formation of zooplankton and fi sh aggregations over 
abrupt topographies. Journal of Marine Systems, 50, 3–20.

Hilborn, R. (2006) Faith-based fi sheries. Fisheries, 31(11), 554–5.
McDaniel, N., Swanston, D., Haight, R., Reid, D. and Grant, G. (2003) Biological observations at 

Bowie Seamount, August 3–5, 2003. Report to Fisheries and Oceans Canada, 25 pp.
Morato, T. and Clark, M. (2007) Seamount fi shes: ecology and life histories (Chapter #9). In: 

Seamounts: Ecology, Fisheries and Conservation (eds. Pitcher, T.J., Morato, T., Hart, P.J.B., Clark, 
M., Haggan, N. and Santos, R.S.). Fish and Aquatic Resources Series, Blackwell, Oxford, UK.

Morato, T., Guénette, S. and Pitcher, T.J. (2001) Fisheries of the Azores (Portugal), 1982–1999, pp. 214–
20. In: Fisheries Impacts on North Atlantic Ecosystems: Catch, Effort and National/Regional Data 
Sets (eds. Zeller, D., Watson, R. and Pauly, D.). Fisheries Centre Research Reports, 9(3), 254 pp.

Morato, T., Cheung, W.W.L. and Pitcher, T.J. (2006) Vulnerability of seamount fi sh to fi shing: fuzzy 
analysis of life history attributes. Journal of Fish Biology, 68(1), 209–21.

OSPAR (2004) Initial OSPAR List of Threatened and/or Declining Species and Habitats. OSPAR 
Convention, Annex 5, §5.7a, Ref. # 2004–2006, 1–4.

Pauly, D. and Maclean, J. (2003) In a Perfect Ocean: The State of Fisheries and Ecosystems in the 
North Atlantic Ocean, 160 pp. Island Press, USA.

Pauly, D., Christensen, V., Guénette, S., Pitcher, T.J., Sumaila, U.R., Walters, C.J., Watson, R. and 
Zeller, D. (2002) Towards sustainability in world fi sheries. Nature, 418, 689–95.

Pitcher, T.J. (2001) Fisheries managed to rebuild ecosystems: reconstructing the past to salvage the 
future. Ecological Applications, 11(2), 601–17.

Pitcher, T.J. (2005) ‘Back to the future’: a fresh policy initiative for fi sheries and a restoration 
ecology for ocean ecosystems. Philosophical Transactions of the Royal Society B: Biological 
Sciences, 360, 107–21.

Roberts, C.M., Mason, L. and Hawkins, J.P. (2006) Roadmap to Recovery: A Global Network of 
Marine Reserves, 60 pp. Greenpeace International, The Netherlands.

Sasaki, T. (1986) Development and present status of Japanese trawl fi sheries in the vicinity of 
seamounts. In: Environment and Resources of Seamounts in the North Pacifi c (eds. Uchida, 
R.N., Hayasi, S. and Boehlert, G.W.). NOAA Technical Report NMFS, 43, 21–30.

Simmonds, J.E. and MacLennan, D.N. (2005) Fisheries Acoustics: Theory and Practice, 437 pp. 
Blackwell, Oxford, UK.

Stitt, S. (1993) Deepwater fi sheries: Canada’s fi rst look down in the deeps – tests on three 
seamounts. Fishing News International, 32(7), 16–17.

WWF (2003) Management Direction for the Bowie Seamount MPA: Links Between Conservation, 
Research, and Fishing, 69 pp. World Wildlife Fund, Canada.



Glossary

‘a a’ Typically a higher viscosity basaltic lava fl ow, which cools to produce a very rough 
surface (term originating from Hawaiian English).

Abyssal plain An extensive, fl at region of the ocean bottom from 4000 to 7000 m com-
prising fi ne sediments or oozes; the upper abyssal plain (2000–4000 m) is also often 
referred to as the continental rise.

Acoustic Doppler current profi ler (ADCP) An acoustic current meter that estimates 
water currents from the backscatter of an acoustic beam from passive particles in the 
water, such as plankton.

Agent-based model (ABM) Like an individual-based model but aggregate groups of sev-
eral different types (e.g., schools or habitat patches). See ‘InVitro model’.

Anti-cyclonic fl ow Flows driven by changes in pressure gradient in combination with the 
Coriolis force. Anti-cyclonic fl ow is a fl ow that moves around a region of high pres-
sure. In the Northern Hemisphere the fl ow has the high pressure to the right of the fl ow 
direction and to the left of the fl ow in the southern hemisphere. Cyclonic fl ow is a fl ow 
with low pressure at its centre, and fl ow directions are opposite to that for anti-cyclonic 
fl ow.

Antipatharia Black corals; corals with a hard axial skeleton (typically black or brown) 
that can form tall whip-like or tree-like colonies. The skeleton is used to make jewel-
lery and decorative objects.

Asexual reproduction Reproduction without the production of gametes. Can be used to 
produce new individuals or for growth of a colony. Offspring are usually identical.

Asymptotic length A parameter of the von Bertalanffy growth function (VBGF), 
expressing the mean length the fi sh of a given stock would reach if they were to grow 
for an infi nitely long period.

Atlantis model Ecosystem box-model containing sub-models representing each step 
in the management strategy and adaptive management cycles (biophysical, industry, 
monitoring, assessment, management, socio-economic drivers).

Baroclinic The type of water motion that is driven by internal pressure gradients within 
the ocean caused by horizontal changes in density. Baroclinic fl ows have a vertical 
change in the velocity structure (i.e., a vertical current shear).

Basalt The most common volcanic rock produced by seafl oor spreading; also the source 
of most oceanic volcanoes.

Bathyal Pertaining to the seabed at continental slope depths.
Bathydemersal fi sh Living and feeding on the bottom below 1000 m.
Bathymetry Measurement of the depth of the ocean fl oor; the ocean equivalent of 

topography.
Bathypelagic fi sh Living or feeding in open waters at depths between 1000 and 4000 m.
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Benthic Living on or pertaining to the bottom of an ocean or other water body.
Benthopelagic fi sh Living and feeding near the bottom up to 1000 m as well as in 

midwaters.
Biodiversity The variety of living things in an area, measurable from genetic to ecosys-

tem diversity.
Biogeochemical model Model based on nutrient cycling (e.g., nitrogen) and dynamics in 

addition to trophic and non-trophic interactions.
Biogeography The scientifi c study of the geographic distribution of organisms.
Bioherm Structure, such as a reef, that is constructed by one or more species and forms 

the habitat for a community of associated organisms.
Biome A regional-scale ecosystem or life zone characterized by a distinct assemblage of 

living organisms.
Biotope An area of uniform environmental (physical) conditions providing habitat for a 

specifi c assemblage of plants and animals.
Black coral See ‘Antipatharia’.
Broadcast spawning Shedding of eggs and sperm into the water column. Fertilization 

often takes place externally to the body.
Brooding Retaining developing eggs and larvae internally or externally to the body for a 

period of time prior to releasing them.
Budding Splitting off part of the body of an animal to form a new individual or part 

of a colony. Occurs as part of the growth process in corals or as a means of asexual 
reproduction.

Burger number The Burger number is a non-dimensional number that quantifi es whether 
the Earth’s rotation or the vertical density stratifi cation is most important controlling 
the resultant fl ow characteristics. High B values will indicate strong stratifi cation con-
ditions, and very low B values low stratifi cation conditions more akin to the homoge-
neous ocean case.

Bycatch The catch of non-target species in fi shing.
Calcareous Having a high concentration of calcium carbonate, usually in the form of 

the minerals, calcite or aragonite.
Cenozoic The current geologic era, which began 664 million years ago and continues to 

the present.
Cnidaria Phylum of animals that include corals, sea anemones, jellyfi sh, box jellyfi sh, 

sea fi rs, and siphonophores. Characterized by stinging cells called cnidae or nemato-
cysts. Animals are radially symmetrical with a single entrance to the gut through the 
mouth. Many form colonies by asexual reproduction.

Cold-water coral reef Reef formed by corals lacking symbiotic algae, generally in deep, 
cold water. Found on the continental margins, in fjords and on seamounts. See also 
‘Antipatharia’.

Community An assemblage of organisms that occurs together at a location at the same 
time that interact with each other.

Conspecifi cs Individuals belonging to the same species.
Continental margin Edge of the continental plate.
Continental shelf All waters between the zone infl uenced by the rising and falling of the 

tides to the shelf break. Depths are generally down to 200 m, although markedly deeper 
in the Antarctic (600 m).
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Continental slope The edge of the continental plate where the seabed descends from the 
shelf-break to the abyssal plains.

Convergent plate boundary The boundary between two colliding tectonic plates. In the 
oceans, the oldest (and densest) plate will subduct beneath the other plate, resulting in 
the formation of an island arc.

Coral skeleton Matrix of calcium carbonate secreted by corals to support colony. May 
be massive and formed of aragonite (stony corals). Some groups have a tough fl exible 
axial skeleton made of a proteinaceous material called gorgonin (gorgonians). Some 
corals have small structures embedded in the coral tissue formed of calcite, known as 
sclerites (octocorals).

Cretaceous The longest of the major geologic periods (from ~146 to 65 Ma).
Cryptic species Animals that are diffi cult to observe through camoufl age, subterranean 

lifestyle, transparency, or mimicry.
Cyclonic fl ow See ‘Anti-cyclonic fl ow’.
Deep bodied fi sh Laterally compressed fi sh (fl attened from side to side) and having deep 

bodies (dorso-ventrally elongated).
Deep scattering layer (DSL) Zooplankton and small swimming animals such as shrimp 

and fi sh that migrate towards the sea surface at night and return to deep water at day-
break. These animals are visible as refl ective layers using acoustic equipment (ech-
sounders). DSLs occur throughout the world’s oceans.

Demersal fi sh Sinking to or lying on the bottom up to 1000 m; living on or near the bot-
tom and feeding on benthic organisms.

Detritivores Organisms that feed on dead or decaying organic matter.
Direct larval development Having no free larval stage.
Divergent plate boundary The boundary between two separating tectonic plates. The 

void created is fi lled with new crust created by the resulting mid-ocean spreading ridge.
DNA barcoding Use of genetic information, specifi cally DNA nucleotide sequences, to 

help with the identifi cation of species.
Ecopath with Ecosim and Ecospace (EwE) Trophodynamic ecosystem model suite: 

Ecopath creates a static mass-balanced snapshots of the biomass pools in an ecosystem; 
Ecosim is a time varying model using the Ecopath as input; and Ecospace incorpo-
rates both spatial and temporal dimensions into the model.

Ecosystem engineer A species that, by its presence, alters conditions so as to provide 
habitat for a community of other species.

Ecotone The boundary or transition between two adjacent ecosystems.
Effusive eruption Volcanic eruptions below sea level affected by water pressure, which 

may counteract the gas pressure that otherwise might dictate an explosive eruption.
Ekman dynamics Dynamics associated with the fl ow near surface or bottom bound-

aries whereby frictional forces become important and break the geostrophic balance 
between pressure and Coriolis forces. As one approaches the seabed, currents will tend 
to rotate anti-clockwise (in the Northern Hemisphere).

Endemic Native and restricted to a particular area. For seamounts, endemic species are 
generally defi ned as those found only on a single seamount or seamount chain and 
nowhere else in the ocean.

Endemism The proportion of species in a community found only in a locality or geo-
graphic area.
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Epifauna Organisms living on or just above a surface, such as the seabed. May be 
attached or mobile.

Euphotic zone Upper layer of the ocean that receives enough sunlight to support 
photosynthesis.

Eustatic sea level changes Changes in the relative sea level due to changes in the 
amount of water in the oceans; typically driven by climatic changes.

Explosive eruption A violent eruption in which the pressurized gases and water vapour 
in the magma can no longer be contained. The pressure of the overburden decreases as 
the magma rises to the surface, and when erupting these forces greatly exceed the vis-
cous forces of the lava.

Fecundity The potential reproductive capacity of an organism or population; number of 
eggs an animal produces during each reproductive cycle.

Fertilization Fusion of gametes (eggs and sperm) to form a zygote.
Filter feeder An organism that obtains food by straining seawater using a specialized 

feeding structure. Food may include small planktonic organisms, eggs, and larval 
stages of other animals and organic particles.

Flexural deformation Vertical deformation and isostatic adjustment of the seafl oor due 
to the bending of the elastic lithosphere under the weight of a tectonic load such as a 
seamount.

Food consumption The amount of food consumed by a fi sh usually expressed as a per-
centage of body weight. Also the amount of food consumed by a population.

Foraging-arena dynamics Theory of predator–prey interactions, which appears to match 
small-scale predatory–prey interactions. Prey typically remain in refuges with only a 
percentage of the prey population venturing out to feed (and thus being available to 
predators) at any one time, this vulnerable prey component can rise steeply with popu-
lation density as refuge sites are fi lled and overfl ow.

Forearc Refers to the region between the deep trench and the island arc associated with 
the subduction zone.

Fuzzy expert system An expert system that uses a collection of fuzzy membership func-
tions and rules, instead of Boolean logic, to reason about data.

Geoid Equipotential surface which closely approximates the mean sea surface. The 
gravitational vector is normal to the geoid. The geoid can be inferred from measure-
ments of gravity or it can be measured by satellite altimetry.

Growth rate Change over time of the body mass of an organism; a linear dimension of 
size (e.g., total length) may be used instead of weight, to express growth, as long as 
this linear dimension can be conveniently related to weight.

Guyot Seamount with a truncated, fl at top surface.
Habitat The place where an organism lives and which provides it with requirements to 

live, grow, and reproduce.
Hermaphroditism Ability of some species to express the reproductive organs of both 

sexes. This may occur simultaneously or sequentially (fi rst one sex, then the other).
Hermatypic species Species that can form bioherms (see above).
High seas Area of the ocean that lies outside State’s exclusive economic zones.
Holocene A geological period that extends from the present day back to about 11 500 

calendar years. The Holocene is the fourth and last epoch of the Neogene period.
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Hotspot hypothesis A hypothesis which states that seamount chains are formed as plate 
tectonic motions move oceanic plates over stationary or slow-moving mantle plumes.

Hydrocoral Erect or encrusting corals with a calcareous skeleton known as a coenos-
teum. This is covered in small pores that house the coral polyps.

Hydrozoa The groups that comprise hydrocorals.
Hyperstability of catch rates The case when catches stay high as abundance drops. It 

can be expected, for example, in almost any fi shery targeting spawning aggregations.
Individual-based model (IBM) Model where individuals are followed as discrete entities 

rather than modelling entire populations as a single unit; heterogeneity and stochastic-
ity are important features of IBMs (in contrast to the assumptions of homogeneity in 
mean-fi eld models).

Infauna Any of a diverse group of aquatic animals that live within marine and fresh 
water sediments.

Intratentacular budding Corals that produce new polyps by forming a bud within a 
polyp. Part of the process of growth of many cold-water stony corals.

InVitro model An agent-based hybrid model that incorporates a sub-model for each 
major step in the adaptive management cycle (biophysical, industry, monitoring, 
assessment, management, socio-economic drivers) for a wide range of human activ-
ities (including fi sheries, tourism, oil and gas or salt production); the sub-models tie 
classical dynamic (mean fi eld and metapopulation) models with decision-based agents. 
See ‘Agent-based model’.

Island arc Arcuate alignment of volcanic islands and seamounts formed by magma 
resulting from the subduction of an oceanic plate beneath another oceanic plate. The 
subducted slab partly melts and generates a basaltic magma that penetrates the overrid-
ing plate and forms volcanoes.

Isopycnal A layer of constant density, or density surface in the ocean.
Isostatic adjustment Vertical adjustment (sinking or uplift) of land masses so as to main-

tain a constant gravitational pressure at the base of the plates; the geologic equivalence 
of buoyancy in water.

Keystone species A species that exerts control on the abundance of others by altering 
community or habitat structure, usually through predation or grazing, and usually to 
much greater extent than might be surmised from its abundance.

Larvae Development stages of many marine organisms that occur after the egg. 
Larvae are unlike the adult form and must metamorphose before assuming adult 
characteristics.

Leicithotrophic development Type of development exhibited by marine animals that 
involves the production of a large yolky egg which hatches into a non-feeding larva.

Life history The entire life cycle of a species including reproduction, larval develop-
ment, growth, and mortality.

Longevity Life span; oldest fi sh ever recorded for a species or stock.
Macrofauna Small benthic animals, such as segmented worms, that live in or associated 

with sediments and are retained by 0.25–1 mm mesh sieves.
Magnetic signature The distinctive perturbation of the Earth’s magnetic fi eld attribut-

able to a seamount and likely detectable by sharks, turtles, tunas, and other migrating 
organisms.
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Management strategy evaluation (MSE) The simulation of the elements (or at least the 
major elements) of a management strategy and an evaluation of the performance of 
alternative strategies with regard to specifi c performance measures and objectives 
defi ned a priori.

Mantle plume Ascending column of hot mantle believed to originate at the core–mantle 
boundary at a depth of 2900 km. As such plumes interact with the lithosphere they 
form volcanic provinces called hotspots.

Mean-fi eld model Model where the variables are assumed to be internally homoge-
neous (e.g., if modelling a biological population then all individuals are assumed to be 
identical).

Megafauna Large animals visible to the naked eye and discernible on photographs or 
video imagery.

Meiofauna That part of the microfauna which inhabits algae, rock fi ssures, and superfi -
cial layers of the muddy sea bottom and measure 0.1–1 mm.

Mesopelagic The pelagic zone below the euphotic zone, in the mid-depths of ocean 
waters, generally 200–1000 m.

Miocene Past time period from 238 million years ago to 53 million years ago.
Model calibration When a model is fi t to available appropriate data (e.g., biomass or 

catch time series or maps). Also termed ‘model tuning’.
Monte Carlo simulation When a solution set is derived by repeatedly running a model, 

drawing parameters or stochastic parameters randomly from a specifi ed distribution.
Natural mortality That component of total mortality caused by natural causes such as 

predation, diseases, senility, pollution, etc.
Nekton Aquatic animals that can swim against prevailing currents, such as fi sh, squid, 

and whales.
Nektonic Living in open water, with active movement.
Nematocyst The stinging cell of a jellyfi sh or other cnidarian.
Oceanography The study of the ocean, embracing and integrating all knowledge per-

taining to the ocean’s physical boundaries, the chemistry and physics of sea water, and 
marine biology.

Octocorals Diverse group of corals. Name is derived from the fact that the polyps have 
eight tentacles. Include soft corals and gorgonians.

Oligotrophic waters Waters relatively low in nutrients leading to low levels of primary 
productivity and unable to support much plant life, such as the open oceans and some 
lakes.

Oocytes Eggs which have not yet been fertilized (female gametes).
Open system When the system has exchanges with the world beyond its boundaries 

(e.g., the material brought to or fl ushed from seamounts by currents means that they 
are open systems).

Oxygen minimum zone Zone of low dissolved oxygen content, usually between 500 and 
1000 m water depth.

‘Pahoehoe’ Typically a lower-viscosity basaltic lava fl ow, which cools to produce a 
smooth and ropy surface morphology (term originating from Hawaiian English).

Parameterization Entering the values for the model parameters (e.g., growth and mor-
tality rates) so that the resulting model represents the system of interest.
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Pelagic Referring to fi sh and other organisms that live in the water column and not in 
association with the seafl oor or coastlines. Can include the larval stages of benthic 
species.

Pelagic fi sh Living and feeding in the pelagic environments.
Phenotype The observable or visible characteristics of an organism; the expression of 

genes in an individual.
Phytoplankton Small plants that drift in the ocean.
Plankton Small, free-fl oating aquatic organisms that cannot swim against the prevailing 

currents.
Planktonic See ‘Plankton’.
Planktotrophic larvae Free, pelagic larvae that can feed while in the water column.
Planula Larva produced by corals. Often covered in tiny bristles (cilia) used for 

locomotion.
Pleistocene Past time period from 18 million to 10 000 years ago. Associated with the 

most recent ice ages.
Polyp Feeding structure of a coral, generally consisting of a mouth, surrounded by ten-

tacles loaded with stinging cells.
Population A group of individuals of the same species living in a particular area or 

ecosystem.
Primary catches Catch of primary seamount species.
Primary production The conversion of carbon dioxide to carbohydrates within an eco-

system by photosynthesis or chemosynthesis.
Primary seamount species Species that are caught exclusively in proximity to seamounts.
Pycnocline The region of rapid vertical change in water density. It is often associated 

with the thermocline. A seasonal pycnocline will develop associated with the summer 
heating regime and development of a seasonal thermocline.

Recruitment The addition of new individuals to an habitat (seamounts, in Chapter 13); 
or process whereby larval and juvenile animals become part of the reproductively 
active adult population or to the fi shed component of the stock.

Reef accretion The secretion of a complex framework of calcium carbonate by corals 
and other animals.

Reef associated fi sh Living and feeding on or near coral reefs.
Reef destruction Natural processes that erode the calcium carbonate framework of coral 

reefs, such as burrowing by worms and dissolution by sponges.
Regeneration Re-growth of parts of an individual or colony that is damaged or 

destroyed.
Relative vorticity The tendency for a parcel of fl uid to rotate (in addition to the Coriolis 

forces). Relative vorticity is associated with a horizontal change in velocity which 
gives rise to the rotational forces involved.

Rossby number A non-dimensional number that quantifi es the importance of the Earth’s 
rotation in determining the characteristics of the current. A small value of Rossby 
number (��1) indicates that rotational forces are important.

Scleractinia Stony corals. Large, usually colonial corals with a massive calcareous skel-
eton called a corallum. Polyps also have a skeleton known as the corallite, often recog-
nizable by radially arranged partitions known as septae.
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Sclerochronology Study of growth rings to determine past climatic variation.
Seamount affi nity The degree to which a species requires the seamount habitat.
Seamount aggregating fi shes Fishes that form large aggregations around seamount and 

that are the main target for seamount fi sheries.
Seamount fi shery A fi shery operating on top or around a seamount.
Seamount fi shes Fishes that live on seamounts.
Seamount species Species living on and caught on seamounts (including permanent resi-

dents, temporary residents, or seamount visitors).
Secondary catches Catch of secondary seamount species.
Secondary circulation Minor circulation patterns that are set up in response to the dom-

inant fl ow pattern.
Secondary seamount species Secondary species that are caught in abundance in proxim-

ity to seamounts but certainly not exclusively.
Sediment Small mineral particles such as sand, mud, or carbonate ooze.
Self-fertilization Sexual reproduction whereby a single individual produces both eggs 

and sperm.
Serpentinite Metamorphic rock whose olivine minerals (iron and magnesium silicates) 

have been oxidized and hydrolysed. This conversion increases the mineral volume by 
40%. Thus, mud volcanoes can form as serpentinized rocks that are squeezed out of 
the crust.

Sessile organism A species that, as an adult, lives attached to the seabed and unable to 
move away from the point of attachment.

Shelf break Where the seabed shows an increase in gradient as it plunges towards into 
the deep sea, marking the seaward edge of the continental shelf.

Shield-building stage Main phase of the construction of seamounts and oceanic islands 
when huge quantities of effusive lava fl ows from a shield-like edifi ce.

Slab pull forces When a tectonic plate subducts it is heavier than the surrounding man-
tle and thus exerts a pull at the end of the plate. This force can be transmitted through 
the elastic plate and is believed to be one of the major driving forces that move the 
tectonic plates.

Small-scale fi sheries A fi shery using small vessels (usually under 30 m) and artisanal 
fi shing gears such as handlines, pole and line, traps and pots, small nets and small 
longlines.

Solitary coral Stony coral that is formed by a single polyp.
Species distribution The geographical distribution of species usually dictated by lati-

tude, depth, temperature, proximity to required habitats.
Species evenness A component of species diversity that measures how evenly individ-

uals are distributed among species. An area dominated by many individuals of one 
or a few species and having few individuals of most other species would have low 
evenness.

Species richness A count of the number of species in an area.
Spring–neap cycle A periodic change in the range of tidal excursions due to the coup-

ling of the Earth–Moon and Earth–Sun system creating the tidal-generating forces. 
Spring tides occur when the effect of the Earth–Moon and Earth–Sun system add up 
(close to new and full Moon) and neap tides when they oppose each other. Spring tides 
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have a greater range of tidal elevations and neap tides a minimum tidal range. The 
cycle occur at approximately a fortnightly period.

Stress (in geological terms) Plate boundary force or gravitational force per unit area of 
rock.

Suspension feeder See ‘fi lter feeder’.
Symbiotic algae Algae that live in the tissues of animals where they photosynthesize 

and supply the host with nutrients. Include zooxanthellae.
System omnivory index (SOI) The average omnivory index (the variance of the trophic 

levels of a predator’s prey) of all predators in the system weighted by the logarithm 
of each consumer’s food intake, this index gives a measure of the diversity of the pre-
dator–prey relationships in the system as a whole.

Taxon A grouping used by taxonomists based on evolutionary similarities.
Taxonomy The classifi cation of life into categories according to evolutionary 

relationships.
Taylor column/cone Features associated with the changes in vorticity that occur when a 

steady fl ow encounters an isolated obstacle. Under certain conditions, water will divert 
around the obstacle and an anti-cyclonic fl ow pattern may develop over the seamount.

Teleplanic Larvae capable of dispersing over long distances (usually long-lived larvae).
Tidal rectifi cation Tidal rectifi cation is a result of non-linear interaction of a tidal cur-

rent with steep bathymetry, which, by a combined effect of topographic acceleration 
and bottom friction, produces asymmetry in tidal transport during a tidal cycle.

Trophic focusing A process by which prey from large volumes is accumulated or trapped 
in a relatively confi ned area.

Trophodynamic Dynamics of trophically connected groups of species (foodwebs).
Trophodynamic model Model based on food webs and energy budgets, no (or very few) 

non-trophic interactions or processes are included.
Vesicular lava A particular texture of volcanic rock that contains small cavities formed 

by the expansion of gas and water vapour during eruption.
Virgin biomass A fi sh stock in its natural condition before anyone has fi shed it.
Vulnerability (intrinsic) The relative extinction risk naturally inherent to marine fi shes 

disregarding other external factors such as fi shing intensity or destructive coastal activ-
ities (e.g., pollution, coastal development).

Zoanthidea Animals that resemble colonial sea anemones. They have no skeleton but 
can incorporate sand, sponge spicules, and other debris into the body wall.

Zooplankton Floating and drifting small animals that have little power of independent 
horizontal movement.

Zooxanthellae Unicellular algae that live in the tissues of corals. The zooxanthellae and 
corals form a symbiosis whereby each derive benefi t from living together. The algae 
use the waste products of the coral and in turn provide the coral with nutrients derived 
from photosynthesis.

Zooxanthellate species Corals that harbour zooxanthellae in their tissues.
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sagax, 405, 477

Saurida undosquamis , 387, 406
Scabbardfi sh, 181–2, 336, 345, 351–3, 363–4, 

366, 379–83, 421
black, 336, 345, 351–3, 363–4, 379–81, 

383, 421
Scad, bigeye, 346
Schedophilus

huttoni, 386
maculatus, 386
velaini, 386

Scomber japonicus, 341, 368–9, 406, 408
Scomberesox saurus, 381
Sea bass, 384, 421
Seabream, blackspot, 110, 340–41, 344–5
Seasnipe, slender, 377
Sebastes, 273–4

aleutianus, 354, 369
alutus, 96, 149, 406
entomelas, 174, 406, 369
helvomaculatus, 174, 369
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marinus, 149, 174, 288, 312, 364, 378, 
380

melanops, 369, 406
mentella, 174, 364, 378–80
paucispinis, 172, 178
proriger, 364, 369
ruberrimus, 50
spp., 52, 90, 97, 109, 149, 172, 178, 273, 

354, 364, 366, 369, 421, 444, 462, 486
variegates, 369
zacentrus, 369

Sebastodes ruberrimus, 50
Sebastolobus alascanus, 369, 406
Selar crumenopthlmus, 346
Seriola

lalandi, 171, 406
sp., 341
zonata, 378, 384

Serranidae, 351
Serranids, 170–71
Shark

bigeye thresher, 203
blue, 202–5, 217
cookie cutter, 190
gray, 202
hammerhead, 190, 202
kitefi n, 340
mako, 340
pelagic, 202–3, 311–12, 314, 317, 482, 205
six-gill, 340
thresher, 190, 203

Siganus spp., 349
Silver roughy, 380–81
Smelts, 110
Snapper

red, 349, 384
ruby, 370

Snappers, 351
Snowy grouper, 382
Sphoeroides pachygaster, 172
Sphyraena, 223

sphyraena, 341
spp., 384
zygaena, 203

Sphyrna lewini, 190, 202
Squalidae, 422
Squalus acanthias , 172
Sternoptychidae, 105, 109
Stomiidae, 104, 109–10
Swordfi sh, 190–91, 198, 217, 224, 239, 242, 

289, 313, 315, 317, 342, 346–8, 350, 381, 
406, 482, 486

Syngnathiformes, 171

Tarakihi, 406
Tetrapturus audax, 346
Thornyhead, shortspine, 369, 406
Thunnus

alalunga, 191, 337, 354, 368, 381, 401, 
405–6, 408

albacares, 190, 340, 368, 406, 408
obesus, 190, 368, 406, 408
orientalis, 190
thynnus, 381, 406

Toothfi sh, 364–6, 426
Toothfi sh, Patagonian, 170, 172, 176, 265, 

339, 385, 387–8, 402, 404, 444, 483
Trachurus

murphyi, 367, 376
picturatus, 341, 378, 406
symmetricus, 366, 369, 406

Trevally
giant, 406
white, 406

Trichiuridae, 352
Tuna, xv, 143, 189–99, 202, 222, 225, 242, 264, 

283, 289, 306, 308–9, 311–315, 317–18, 
320, 322, 335, 337, 340, 342–3, 345–8, 
350–51, 354–5, 363, 368–9, 381, 383, 
405–6, 408, 410, 458, 476, 479

albacore, 191, 198, 337, 346, 354, 368, 
381, 401, 405–6, 410

bigeye, 190, 192–9, 203, 340, 346, 350, 
367–8, 406, 376

bluefi n, 190, 191, 198, 381, 406
northern bluefi n, 406
pacifi c bluefi n, 190
skipjack, 190, 198, 340, 346–7, 350, 406
yellowfi n, 190, 192–9, 340, 350, 368, 406

Tusk, 149, 380–81

Wahoo, 346, 406
Warehou, violet, 386
Wolffi sh, northern, 380
Wreckfi sh, 340–41, 381–2, 384, 404

Xenodermichthys copei, 105
Xiphias gladius, 190, 242, 381, 482

Yarrella blackfordi, 105

Zenopsis, 171
nebulosa, 110, 368, 406
spp., 110




