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Abstract. This work aims at characterising the seamount1l Introduction

physiography and biology in the OSPAR Convention limits

(north-east Atlantic Ocean) and Mediterranean Sea. We first

inferred potential abundance, location and morphologicalS€amounts are common underwater features in the world
characteristics of seamounts, and secondly, summarized tHeeans and are traditionally described as isolated elevations
existing biological, geological and oceanographic in situ re-greater than 1000m in relief above the seafloor (Menard,
search, identifying examples of well-studied seamounts. Ouf964; International Hydrographic Organization, 2008). How-
study showed that the seamount population in the OSPAFREVer, No ecological rationale seems to support the traditional
area (north-east Atlantic) and in the Mediterranean Sea i$ize limit (Pitcher et al., 2007; Wessel, 2007) and this defi-
large with around 557 and 101 seamount-like features, rehition has been extensively modified in the literature to bet-
spectively. Similarly, seamounts occupy large areas of abouter satisfy the needs of different disciplines (Staudigel et al.,
616 000 kn? in the OSPAR region and of about 89 500km 2010). Since small underwater features may also play an im-
in the Mediterranean Sea. The presence of seamounts in tHeortant role in deep and high sea ecosystems (e.g. Koslow
north-east Atlantic has been known since the late 19th cen€t al., 2001), we considered features greater than 100m in
tury, but overall knowledge regarding seamount ecology andheight as small seamounts and defined elevations taller than
geology is still relatively poor. Only 37 seamounts in the 1000 m as large seamounts (sensu Pitcher et al., 2007).
OSPAR area (3.5% of all seamounts in the region), 22 in The total number of seamounts at a global scale has been
the Mediterranean Sea (9.2 % of all seamounts in the region?stimated in several studies mainly by running mathematical
and 25 in the north-east Atlantic south of the OSPAR arez@lgorithms on global bathymetry grids inferred from satellite
have in situ information. Seamounts mapped in both areadltimetry and acoustic soundings (e.g. Kitchingman and Lai,
are in general very heterogeneous, showing diverse geophy@004; Wessel et al., 2010; Kim and Wessel, 2011; Yesson
ical characteristics. These differences will likely affect the bi- €t al., 2011). Currently, these approaches are unable to ade-

ological diversity and production of resident and associatecluately detect small and deep peaks, and thus the estimates of
organisms. the global abundance of seamounts still bear large uncertain-

ties. A more accurate approach would be to locate seamounts
on bathymetry grids originated by shipboard bathymetric
profiles. However, the small area of the ocean floor explored
using multibeam bathymetry prevents improved analyses of
seamount location, morphology and abundance (Hillier and
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Watts, 2007). Recent estimates of the number of seamountsome vulnerable marine ecosystems (Pitcher et al., 2010;
worldwide range from about 25000 to about 140000 largeTaranto et al., 2012; FAO, 2009). Therefore, some actions
features and potentially from 125000 to 25 million small have been taken to regulate the use of seamount resources
seamounts or knolls greater than 100 m in height (Wessel efNEAFC, 2011; Santos et al., 2009, 2010; Morato et al.,
al., 2010; Kim and Wessel, 2011; Yesson et al., 2011). De-2010c). Major concerns are related to seamount fishing, espe-
spite this imprecision, such estimates highlight seamounts asially trawling that physically destroys reef-building organ-
one of the most prevalent set of habitats of the seabed, formisms (Williams et al., 2010), disturbs the abundant seamount
ing one of the largest biomes on earth with about 28.8 millionfilter feeding communities by sediment re-suspension (Clark
km? (Etnoyer et al., 2010). et al., 2010), and selectively removes long-lived commer-
The Oslo—Paris Convention for the Protection of the Ma- cially valuable fish species (Pitcher, 2010) that are extremely
rine Environment of the north-east Atlantic (OSPAR{p: vulnerable to heavy fishing (Morato et al., 2006). Besides
/lwww.ospar.ordj is an international legal instrument made fisheries, deep-sea mining is an emerging issue in seamount
of representatives of the governments of 15 Contractingmanagement that may seriously affect seamount ecosystems
Parties and the European Commission. OSPAR has inin the future (Halfar and Fujita, 2007; Hein et al., 2010; He
cluded seamounts in the list of threatened and/or declininget al., 2011; Van Dover, 2011).
habitats and defined these features as undersea mountainsHowever, not all seamounts share the same set of proper-
whose summits rise more than 1000 m above the surroundies and threats (Rowden et al., 2005; Morato et al., 2010b;
ing seafloor (OSPAR, 2008). The official OSPAR databaseClark et al., 2012; Taranto et al., 2012). Therefore, a clear
(consulted in September 2011) included 104 seamounts ininderstanding of spatial patterns of threats, biological diver-
the high seas and territorial waters of Norway, Sweden, Farosity, production and geophysical properties is crucial for the
Islands, UK, Ireland, France, Spain and Portugal. They aresuccess of conservation and management actions (Morato et
however, still underestimated since many more seamountal., 2010c), and for the understanding of oceanographic, geo-
are known in the Mid-Atlantic Ridge or in many exclusive logical and ecological processes associated with seamounts.
economic zones (EEZs). For example, from the Kitchingman This work aims at characterising the seamount physiogra-
etal. (2007) dataset there may be at least 339 large seamourpify and biology in OSPAR area, the north-east Atlantic, and
in the OSPAR area and about 59 in the Mediterranean Sedhe Mediterranean Sea. We first inferred potential abundance,
More recently, Kim and Wessel (2011) estimated the numbetocation and morphological characteristics of seamounts in
of seamounts greater than 1000 m in height in the OSPARhe OSPAR area and Mediterranean waters applying a detec-
area as 132 (850 greater than 500 m), while they consider nton model on the latest bathymetric information available.
seamounts to occur in the Mediterranean Sea. However, thesgecondly, we summarized the existing biological, geologi-
estimates were based on global bathymetry datasets that dichl and oceanographic in situ research, pointing out gaps in
not consider the most recent multibeam bathymetry surveyseamount investigation, potentially distinctive features and
conducted in the region. examples of well-studied seamounts. In this way, we hope
Recently, the importance of seamount ecosystems hato achieve a snapshot of the knowledge status of seamount
been recognized by the scientific community, managemenecosystems in the north-east Atlantic and Mediterranean ar-
authorities, industry and conservation initiatives (Stocks eteas, which may represent basic information on which to build
al., 2012). Properties associated with underwater reliefuture seamount research and management.
might affect pelagic and benthic life (e.g. Hubbs, 1959;
Samadi et al., 2006; Amorim et al., 2009; Morato et al.,
2009, 2010a; Clark et al., 2010), influence global and local2 Methods
circulation (e.g. Vastano et al., 1985; Roden, 1987; White
et al., 2007), and enlighten deep earth chemistry and pro2.1 Seamount abundance and distribution in the
cesses (Wessel, 2007; Koppers and Watts, 2010; Staudigel OSPAR area (north-east Atlantic) and Mediter-
and Clague, 2010; Wessel et al., 2010); all factors that draw ranean Sea
marine scientists of diverse backgrounds into seamount re-
search. In particular, recent investigations are trying to re-The ability to identify large seamounts from bathymetric
veal how geological, oceanographic, ecological and evolugrids (derived from satellite altimetry or ship-based sound-
tionary processes interact to shape distinct communities oings) is key to any attempt to estimate seamount abundance.
seamounts by altering nutrient regimes, connectivity amongrhis generally implies a two-step seamount isolation pro-
distant populations and deep-sea habitat diversity (Genin etess that first highlights topographic local maxima or peaks
al., 1986; Richer de Forges et al., 1987; Genin, 2004; Samadind then compares the surrounding topography with a set of
et al., 2006; McClain, 2007; O’'Hara, 2007; Shank, 2010). parametric thresholds to determine whether the peaks repre-
At the same time, the scientific community and inter- sent large seamount-like features 1000 m#; height) dis-
national organizations recognized that human threats tglaying an approximately circular or elliptical shape. For
seamount ecosystems are growing fast and are impactinthis part of the study, we applied a methodology developed
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Fig. 1. Outlines of the bathymetry layers used to detect seamount%ig_ 2. Final map of the location of potential seamounts (black

in the OSPAR area (north-east Atlantic) and the Mediterranean Seadots) in the OSPAR area & 557) and in the Mediterranean Sea

(1) is the Arctic grid; (2) is the north-east Atlantic grid; (3) is the (n = 101) as identified usin . :

. ? . . ) ) = g multiple sources of bathymetry grids.
Ireland grid; (4) is the south-west Iberian margin grid; (5) is the h | h the limits of th PAR
Azores grid; (6) is the Mid-Atlantic Ridge grid; (7) is the Mediter- Shaded layer shows the limits of the OS area.
ranean 250 grid; (8) is the Mediterranean 800 grid; and (9) is the

GEBCO global grid (see Table 1 for details). cluding scientific publications, reports, online databases, and

personal communications (Supplementary Material 2). Two
o main types of information were recorded from the consulted
by Kitchingman et al. (2007) and adapted by Morato et|iterature: (1) knowledge scores, used to classify the degree
al. (2008) on several bathymetric grids of different reso- o khowledge of an individual seamount based on a set of
lutions available for the OSPAR area (north-east Atlantic) key geological, oceanographic and ecological attributes, and
and Mediterranean Sea (Fig. 1). After applying the method-2) actual values, used to describe seamount attributes. The
ology to different bathymetry grids, the outputs originated it of attributes used to describe individual seamounts was
by each grid were compared. When parts of the bathymetry,gapted from Pitcher et al. (2010) and is shown in Supple-
grids overlapped, the selection of seamounts was undertakepentary Material 3. In this part of the study, we additionally
on the layer with the higher resolution. The final list of jncluded information regarding seamounts not strictly be-
seamounts in the OSPAR area and Mediterranean Sea Wagnging to the OSPAR areas but that still belong to the north-
then compiled and resulted from multiple sources. A detailedgast Atlantic. We refer specifically, to the seamounts located
description of t_he methodology used is presented in Supplezyound the Canary, Madeira and Cape Verde archipelagos
mentary Material 1. and the Meteor seamount group located off the southern
border of the Azores EEZ, where several studies have con-
2.2 Seamount characteristics in the OSPAR area tributed significantly to our current knowledge of seamounts.
(north-east Atlantic) and Mediterranean Sea asre-  Thys, in this part of the study we will refer to seamounts
vealed by in situ studies sampled in the north-east Atlantic rather than referring ex-

clusively to seamounts in the OSPAR area.
Seamount characteristics in the north-east Atlantic and

Mediterranean were determined by mining seamount-related
information from the literature and online databases. Some
features included in this part of the study may not fall in the
commonly used seamount definition (Staudigel et al., 2010).
Nevertheless, we decided to include all data available for
features that may fall under a more general definition of a
seamount (Pitcher et al., 2007) despite their size, shape, lo-
cation, or tectonic setting. A total of 245 references were con-
sulted for the north-east Atlantic and Mediterranean Sea, in-
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Table 1. Number of seamounts identified by the bathymetry grids used in this study.

Area Number of seamounts  Bathymetry grid
Total OSPAR 557 Compilation of all datasets
North-east Atlantic 4 EMODNET Gridded Bathymetry (EGB). European Marine Observation

and Data Network (EMODNET). The EGB was built at a resolution of 0.25
arc-minutes using the best available bathymetry from a variety of sources
using a variety of methodstp://www.emodnet-hydrography.eu/content/
content.asp?menu=0310Q000000.

Ireland 6 Digital terrain model (DTM) derived from swath bathymetry from the
Geological Survey of Ireland; Interactive Web Data Delivery System at
https://jetstream.gsi.ie/iwdds/index.html

South-west Iberian margin 4 Bathymetric dataset compilation funded by the ESF EUROMARGINS
SWIM project. It brings together 19 multibeam bathymetry surveys exe-
cuted between 2000 and 2006 and covering a total area of approximately

180000 knd.

Azores 42 Includes multibeam mapping and global grid data. Available from Lourenco
et al. (1998).

Mid-Atlantic Ridge 30 MOMAR GIS Database v2 (8 October 2010) with a resolution of 90 m
available athttp://www.ipgp.fr/rech/lgm/MOMAR

Arctic 124 IBCAO Grid v. 2.0. Includes the recent years of multibeam mapping. The

resolution of the Polarstereographic grid has been increased from 2.5 km to
2km. The compilation of IBCAO Version 2.0 is described in Jakobsson et
al. (2008).

Global 347 GEBCO global dataset. A global 30 arc-second grid largely gener-
ated by combining quality-controlled ship depth soundings with in-
terpolation between sounding points guided by satellite-derived grav-
ity data. This dataset was only used for areas not covered by any of
the above mentioned databasés(://www.gebco.net/datand products/

griddedbathymetrydata).
Total Mediterranean 101
Mediterranean 250 m 74 EMODNET Gridded Bathymetry (see north-east Atlantic).
Mediterranean 800 m 27 GEBCO database. This dataset was only used for areas not covered by the
Mediterranean 250 m database.
3 Results and discussion Seamounts in the OSPAR area (north-east Atlantic) are

mostly deep (Fig. 4), with a large majority & 473; 84.9 %)

of the summits located between 1000 and 3000 m depth.
Only a small portion£ = 33; 5.9 %) of the large seamount-
like features in the OSPAR area are shallow, having sum-
mits at less than 500 m depth. The patterns observed in the
Mediterranean Sea were different with a greater proportion
A total of 557 potential large seamounts (heights greaterof seamountsi(= 37; 36.6 %) being shallower than 500 m
than 1000 m) were identified in the OSPAR area, while 101depth (Fig. 4). Other characteristics of seamounts from the
seamount-like features were identified in the MediterranearOSPAR area and the Mediterranean Sea were, however, simi-
Sea (Fig. 2). The accepted outputs of each bathymetric gridar. For example, the mean height of the identified seamounts
are shown in Table 1, while the final list of seamounts gen-was calculated as 1421 m (SP403) for the OSPAR area
erated by our algorithm — including location, depth of the and 1493 m (SB-=394) for the Mediterranean Sea. Pre-
summit and average slope — is provided in Supplementaryicted seamount height distributions are shown in Fig. 5.
Material 4. Our method adequately identified topographicShapes of seamounts, as characterized by the radius of the
structures with heights larger than 1000 m since the relationseamount baser), the height—radius ratics() and the av-
ship between the cumulative counts of seamounts of differenerage sloped), did not differ much between both areas.
heights show a strong linear relationship (Fig. 3). Neverthe-_arge seamounts in the OSPAR region were estimated to
less, the cumulative counts of the features with 1000 m inhave a mean basal radius@f= 16.1 km (SD=4.3), while

height fell below the fitted line, indicating that the numbers Mediterranean Sea seamounts showed a mean basal radius
for this category are probably somewhat underestimated.

3.1 Seamount abundance and distribution in the
OSPAR area (north-east Atlantic) and Mediter-
ranean Sea
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Fig. 3. Cumulative counts of height:] for identified seamounts.
The relationships can be expressed @ = 8977-¢~0903" with  bathymetry datasets and slight differences in the seamount

H in km andr2 = 0.98, for the OSPAR area (dark dots) an@) = detection algorithm. The Yesson et al. (2011) database is
1067.¢=0002" with 1 in km andr2 = 0.97, for the Mediterranean  known for overestimating the number of seamounts globally,
Sea (grey dots). mainly since it detected small atolls and islands as seamounts

or identified multiple peaks in a single seamount as mul-
tiples seamounts. In our methodology, we have slightly
of rp =145km (SD=3.1). Accordingly, individual basal changed the algorithm in order to reduce the number of false
areas are similar for OSPAR seamounis £ 1105 kn¥; seamounts.
SD=1117) and Mediterranean seamounis 886 kn?; Since our estimates included the bathymetry grids with the
SD=334). Predicted seamount area distributions are showmighest resolution currently available, they are a step fur-
in Fig. 6. Additional seamount characteristics were also sim-ther in the identification of seamounts in the region, and
ilar for the different regions& = 0.091+0.029,¢ = 5.22+ thus more reliable than the datasets previously published.
1.65° for OSPAR seamounts ang = 0.108+ 0.039, ¢ = Nonetheless large uncertainties still need to be tackled. The
6.173+ 2.16° for Mediterranean Sea seamounts). However,bathymetry grids available for the OSPAR and Mediter-
note that most of the features are heterogeneous, as demoranean regions remain partially unresolved and are largely
strated, for example, by the slope angles that ranged fronbased on satellite altimetry data, with only a small portion
¢ =0.98° to ¢ = 15.16°. The relationship between slope an- resulting from finer ship-borne acoustic surveys. The coarse
gle and summit height for seamounts in the OSPAR area igesolution of such grids results in the blurring of smaller
presented in Fig. 7. seafloor elevations, which precludes their detection by the
Nevertheless, the application of our methodology to thealgorithms. Hence, our results still have to be considered as
new bathymetry grids demonstrated that seamounts magn approximate list of OSPAR area and Mediterranean Sea
be common features in the OSPAR £ 557; about 0.04 seamounts.
seamounts per 1000 Knarea and in the Mediterranean Sea  Nevertheless, our estimates draw seamounts as important
(n = 101; about 0.04 seamounts per 100GknOur esti-  and relevant areas of the seabed occupying a total area of
mates are higher when compared with previously availableabout 615 725 krin the OSPAR area and about 89 494%m
seamount numbers:= 104 (OSPAR official statisticsy, = in the Mediterranean Sea. Overall, seamounts from these re-
339 (Kitchingman et al., 2007) and= 132 (Kim and Wes-  gions showed a wide variety of characteristics with large
sel, 2011) for the OSPAR area, ané= 59 for the Mediter-  ranges in size, depth, slope angle and base area. Such di-
ranean Sea. These discrepancies are due to the fact that wersity in morphological characteristics demonstrates once
used the most recent available bathymetry grids available fongain that not all seamounts share the same set of properties,
the region. However, our results are lower than the numbeimaking generalisations difficult to formulate.
of seamounts estimated by Yesson et al. (2011), who ran a
similar methodology on the GEBCO bathymetry grid, and 3.2 Seamount research in the OSPAR area (north-east
estimated 1288 seamounts greater than 1000 m in height in  Atlantic) and Mediterranean Sea
the OSPAR area and 180 in the Mediterranean Sea. The
differences in the numbers of seamounts estimated by th&rom our database, a total of 37 seamounts-like features in
two methodologies are partially due to the use of differentthe OSPAR area and 22 seamounts in the Mediterranean Sea
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ing 25 seamounts not strictly belonging to the OSPAR area
(see Sect. 2.2). The areas where seamount research has been
conducted include the Greenland Basin, the Rockall Trough,
y the Bay of Biscay, the western lberian margin, the Azores
. region, and the Mediterranean Sea’s eastern and western
. s e basins. Some of these sampled seamounts do not fall under

;.-:::;n';-. e the large seamount-like features 1000 m height) display-
od Ja a3 e ing an approximately circular or elliptical shape. Therefore,

. some of the seamounts shown in Fig. 8 were not mapped in
] g Fig. 2.
29 In terms of seamount geology, the most commonly known
o+ parameters were summit depth, height and age (Fig. 9), both
0 1000 2000 3000 4000 in the north-east Atlantic and the Mediterranean Sea. In gen-

Height (m) eral, seamounts studied in the Mediterranean Sea are much

younger (2 million years in average) than those in the north-
east Atlantic (39 million years in average), which may have
a direct implication in the biological diversity of seamounts
since, for example, age of the seamount may be linked to
the presence of endemisms. Additionally, seamounts in the
Mediterranean Sea are much less geographically isolated
(Fig. 8) have been sampled for biological or geological pur-than those in the north-east Atlantic, since the distance to the
poses or directly mapped bathymetrically (Supplementaryshelf averaged 61 km for the Mediterranean Sea and about
Material 5). Additionally, we included information regard-
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Fig. 7. Relationship between seamounts slope angle &nd
seamount heighti( in the OSPAR area. The relationship can be
expressed ag = 0.003: + 0.65; 2 = 0.62.
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ranean Sea (Fig. 9) is related to benthic invertebrates (in-
formation available for 56 % of the sampled seamounts),
demersal (51 % of the sampled seamounts) and deep-water
fish (42 % of the sampled seamounts) and deep-water corals
(49% of the sampled seamounts). Demersal invertebrates
have been sampled on 36 of the seamounts in the north-east
Atlantic and 12 in the Mediterranean Sea. Corals (cnidari-
ans of the class Anthozoa, excluding the sea anemones in
the orders Actiniaria and Ceriantharia) have been reported on
33 and 11 seamounts in the north-east Atlantic and Mediter-

Le Danois ranean Sea, respectively. Seamount fish communities have

s 3 bee_n studied in abput 34 seamounts in the north-east At-
4, o Cae vee N Ry | lantic and a_lbout 9in th_e_ Mediterranean Sea. Re;earch on
T . ; ; seamount fish communities has been conducted in various

locations within the OSPAR area, in particular around the
Azorean and Meteor seamounts and along the Iberian mar-
gin (e.g. Menezes et al., 2006, 2009; Pakhorukov, 2008). De-
pending on the depth of the seamount, the dominant species
are typical deep-sea fish (bathydemersal or bathypelagic) or
more shallow species (demersal or benthopelagic).

Fig. 8. Locations of seamounts in the north-east Atlantic and Stony corals (order Scleractinia) are the most common
Mediterranean Sea that have been sampled for geology, biology o

oceanography data (for list of seamounts, see Supplementary Mate_eep—sea corals (reportt_a'd on 27 of the abovementioned
rial 5). Shaded layer shows the limits of the OSPAR area. seamounts), but gorgonians and black corals (order An-

tipatharia) have also been found on many seamounts. Other
intensely studied taxa comprised arthropods, mainly decapod
crustaceans, but also other crustaceans and sea spiders (class
1100km for the north-east Atlantic. However, the averagePycnogonida), molluscs, both gastropods and bivalves, and
proximity of a neighbouring seamount (79 km in the Mediter- echinoderms, in particular sea urchins (Class Echinoidea).
ranean Sea and 71 km in the north-east Atlantic) and averag®axa such as sponges, annelids and bryozoans have also been
summit depth (625m in the Mediterranean Sea and 560 nsampled from many of the seamounts.
in the north-east Atlantic) did not show major differences Prince Albert | of Monaco was one of the pioneers of
between the two areas. The average slope of the studiedharine science in general, and seamount research in par-
seamounts was higher for seamounts in the Mediterraneaticular. Between 1885 and 1911 he commanded 13 cam-
Sea {p = 2(°) than in the north-east Atlantie (= 13°). Dif- paigns in the Azores area of the north-east Atlantic, produc-
ferences in these characteristics will most likely influence theing new bathymetric charts and identifying the major topo-
biological communities of these seamounts and will likely graphical features, including the Princess Alice seamounts
affect their average productivity. in 1896 (Porteiro, 2009). The diversity and abundance of
The 84 explored seamounts comprise mostly large feaspecies found in the area was remarkable (Carpine-Lancre
tures, with an average height of over 1800 m. The Greatand Saldanha, 1992). Although the presence of seamounts in
Meteor guyot is the largest known seamount and reachethe north-east Atlantic has been known since the late 19th
5425 m above the sea bottom, being higher than any mouneentury (Buchanan, 1886), little information on their ecol-
tain in Western Europe (see Sect. 3.3.6). For comparisonpgy was published until the 1970s, when German scientists
Mount Blanc, the highest peak in the Alps, is “only” 4810 m. led the way with the Great Meteor expeditions (e.g. Hestha-
The depths of the seamount summits range from a few megen, 1970).
ters (J@o Valente Bank, Cape Verde; Monteiro et al., 2008) Ever since, other seamounts such as the Josephine and the
to 2554 m (Alfeo Seamount, lonian Sea; Ben-Avraham etGreat Meteor Seamount complex have been subject to im-
al., 1983), showing an average depth of about 600 m. Mostmense ecological research (see Sect. 3.3.6). Contrastingly,
seamounts are of volcanic origin, but interestingly hydrother-many other features have been bathymetrically mapped but
mal activity has only been reported on 9 seamounts (11 % ofo our knowledge received no ecological research (e.g. the
studied seamounts). Of these, the AzoreafioJde Castro Vigo and Porto seamounts, Mougenot et al., 1984). Since
Bank has been explored in detail, with reports of a uniquethe transition into the 21st century, a boost occurred in the
ecosystem of protists and bacteria potentially adapted towumber of studies regarding seamount ecology. Biological
metal rich waters (Colago et al., 2006). studies have continued in the Azorean and Great Meteor
Most of the detailed information available regarding seamounts, with a focus on fisheries, plankton and benthic
seamount ecology in the north-east Atlantic and Mediter-biotope zonation studies (e.g. Rogers, 1994; Uiblein et al.,
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Fig. 9. Number of seamounts sampled for different attributes in the north-east Atlantic (dark grey) and in the Mediterranean Sea (grey).

1999; Fock et al., 2002; Martin and Nellen, 2004; Nellen Conservation organizations have recently been engaged
and Ruseler, 2004; Tempera et al., 2012). The OASIS projecin seamount research in both the north-east Atlantic and
(Christiansen and Wolff, 2009) has shed further light on bothMediterranean, which has augmented considerably the
oceanographic and ecological aspects of two north-east Atknowledge of some features in terms of habitat and species
lantic seamounts (Seine and Sedlo) and demonstrated the ingiversity (OCEANA, 2008, 2010). These findings promoted
portance of multidisciplinary studies. This multidisciplinary the creation of the first seamount marine protected area in the
approach of the seamount research was recently extended Mediterranean Sea (see Sect. 3.3.7).
Condor Seamount (see Sect. 3.3.3), which was temporary
closed to fishing for longer-term research purposes (Morat@3.3 Seamount characteristics in the OSPAR area
et al., 2010c; Giacomello and Menezes, 2011). (north-east Atlantic) and Mediterranean Sea as re-

In the Mediterranean Sea, seamount research has tradition- ~ vealed by in situ studies
ally been focused on geology with many western Mediter-
ranean seamounts being bathymetrically well mapped. InSome examples of well-studied seamounts in the north-east
particular, seamounts in the Tyrrhenian Sea are re|ative|yAt|antiC and Mediterranean Sea are presented here. This is
well studied in terms of volcanology and mineralogy (e.g. not an exhaustive list of all studied seamounts in the region
Trua et al.,, 2002; Dekov and Savelli, 2004). Comparedbut intends to compile a diverse list of features throughout
to geological exploration, early ecological research in thethe area.
Mediterranean Sea has been sparse: only a few publications
are available from the last century (e.g. Perrone, 1982; Strus$-3.1 Vesterisbanken (73.52N, 9.13 W)
et al., 1985; Galil and Zibrowius, 1998). However, recent

studies regarding seamount ecology reflect a growing interesthe Vesterisbanken Seamount in the Greenland Basin is
for this field in the Mediterranean (e.g. Freiwald et al., 2009; the northernmost seamount in the OSPAR area for which

Ettoumi et al., 2010: Bo et al., 2011, 2012: Sevastou et al. detailed information is available. This large, isolated fea-

2011; Shank et al., 2011). In the Cape Verde and the easterffy!ré Was visited by researchers during the 1980s and early

Mediterranean regions, excluding a few features, seamount990s. Detailed studies describe the substrate composition
ecosystems remain largely unknown. and bathymetry of this seamount, which is a nearly 3000 m

high feature with two peaks (Hempel et al., 1991; Cherkis
et al., 1994). With an almost year-round ice-cover, it is
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not straightforward to conduct biological investigations in luthurians and anemones were present at the edge of the ice-
the Arctic. However, one expedition in 1990 (Henrich et berg plough marks, whilst on the terraced slopes a high diver-
al., 1995) provided a thorough description of the different sity of fauna was found including stony corals, gorgonians,
benthic invertebrate communities inhabiting this seamountsponges and anemones. Ophiuroids were the dominant epi-
from the top of the summit to the deepest flanks. Biohermsfauna found at the base of Rosemary Bank (Howell et al.,
constructed by sponges, bryozoans and serpulid polychaeté&910a, b).
cover large proportions of the seamount summit and flanks,
with depth-wise changes in species composition. Patches d3.3.3 Condor Seamount (38.55N, 29.04 W)
sandy or muddy substrate within these mats, as well as oc-
casional rocky outcrops, create a range of different habitatsCondor Seamount is located about 17 km to the south-west
In addition, starfish, brittle stars, octocorals, hydrozoans anaf Faial Island (Azores), is about 26 km in length and 7.4 km
bivalves inhabit this seamount. The Vesterisbanken fauna isvide at the 1000 m depth contour, with depths ranging from
likely highly dependent on the rapid input of energy from 180 to more than 1000 m, and an estimated planar area of
upper waters during the short Arctic summer. 432 kn? (Tempera et al., 2012). The main geomorphologic
characteristics of the seamounts were further described by
3.3.2 Anton Dohrn (57.48N, 11.° W) and Rosemary  Tempera et al. (2012). The seamount is under a temporary
Bank seamounts (59.25N, 10.15 W) fishing moratorium, established in 2010, allowing the in-
stallation of a scientific observatory to improve the under-
The Anton Dohrn and Rosemary Bank seamounts are locategtanding of seamount ecological structure and functioning
in the Rockall Trough, north-east Atlantic, about 120 km (Morato et al., 2010c). This moratorium will last until 2014,
north-west of the UK mainland and located in the UK’s when its future will be discussed with the stakeholders.
EEZ. Anton Dohrn is a classically circular-shaped seamount Condor Seamount hosts a peculiar multiscale dynamic
with steep flanks that lead to a relatively flat and completelyof oceanographic conditions, including enhanced mixing,
sediment-covered summit~(40km in diameter) (Jacobs, upwelling—downwelling processes and closed circulation
2006). The flanks are devoid of canyons and gullies. Insteadstructures over the seamount, that make it distinct from the
there are a few hills/parasitic cones on the eastern and nortlsurrounding ocean (Bashmachnikov et al., 2011). It hosts
western sides. Rosemary Bank is a more elongate domehabitats of conservational importance, constituted of deep-
shaped seamount(70 km in diameter). Recent work under- water coral gardens and deep-sea sponge aggregations (Tem-
taken on Rosemary Bank has found a number of small parpera et al., 2012; Braga-Henriques et al., 2011). The Condor
asitic cones (Jacobs, 2006) as well as slide scars and slop&eamount food chain is composed of five trophic levels with
that are terraced (Howe et al., 2006). Both seamounts belongnesopelagic organisms being the link between the epipelagic
to an area commonly termed the “cradle of deep-sea biologytealm and the benthic and benthopelagic organisms. Preda-
(Gage, 2001), as the deep-waters of the north-east Atlantition of epipelagic organisms by mesopelagic organisms and
were sampled by Victorian scientists. However, the seamounthe trapping of the latter above the seamount, in addition to
and banks were rarely sampled in those days because of tHateral advection, increase the carbon supply to the Condor
difficulties associated with sampling steep topography. An-Seamount (Colago et al., 2011). Preliminary results of the
ton Dohrn has been, however, the focus of deep-water fishingtudy of sediment microbial assemblages revealed a general
and numerous trawl-marks were observed on side-scan son&w availability of food for benthic consumers at the Condor
imagery (Jacobs, 2006). summit (Bongiorni, 2011).

Anton Dohrn and Rosemary Bank seamounts were sam- Condor Seamount has been an important fishing ground
pled in detail in 2005 and 2006 (Narayanaswamy et al., 2006for bottom longline and handline fishing (Giacomello and
Howell et al., 2007), with additional sampling taking place in Menezes, 2011). The fact that bottom trawling was never
2009 (Stewart et al., 2009). The summit of Anton Dohrn wasemployed may help explain why the seamount still hosts
found to be covered by a large number of brachiopod valvesenthic communities in a relatively good state (Tempera et
and barnacle plates interrupted by large areas of sandy/gravel., 2012). Research activities, big-game fishing, recreational
substrate supporting encrusting serpulids and sponges. Ifishing, whale watching and scuba-diving activities are also
addition, cold scleractinian deep-water corals (&gphe-  important ancillary activities in the Condor Seamount, but to
lia pertusg were observed supporting large assemblages o& lesser extent (Giacomello and Menezes, 2011). Intense han-
sponges, gorgonians, cup coralSafyophyllia spp.), and  dline and longline fisheries have, however, caused important
other fauna on the summit edge (JNCC, 2011). Echinoidseductions in the abundance of many demersal fish species.
were the dominant mobile fauna with noticeable changes irSpecies life history characteristics, their degree of residency
species dominance with increasing depths (Narayanaswamgn the Condor Seamount, and their dependence from outside
et al., 2006). Anton Dohrn has recently been proposed as source areas appear to be important determinants for the sta-
Special Area of Conservation (JNCC, 2011). On the sum-tus of the fish species and the timescales required for recov-
mit of Rosemary Bank, fauna such as cup corals, sessile hceries to earlier abundances (Menezes et al., 2011).
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3.3.4 Coral Patch Seamount (34.93\, 11.95 W) fish community, with about 50 different species having been
observed (Christiansen et al., 2009; Menezes et al., 2009).
Coral Patch is a still largely unexplored seamount, lo- According to Menezes et al. (2009), higher fish abundances
cated roughly half-way between Seine Seamount and Porwere observed at Seine Seamount compared to adjacent is-
tugal. Coral Patch is a sub-elliptical WSW-ENE elongatedland slopes of similar depths. However, it is difficult to distin-
seamount, about 120 km long and 70 km wide (D'Oriano etguish if such differences were related to “seamount effects”
al., 2010) with its south-western top reaching a water deptlor to different fishing pressures. A study conducted by Chris-
of about 560 m (Wienberg et al., 2012). Seismic and bathy-tiansen et al. (2009) found no significant differences in fish
metric data show that Coral Patch is a composite structur@bundance at Seine Seamount.
with nine distinct coalescent volcanic cones developed on The OASIS project did not find any evidence for constant
its top (D’Oriano et al., 2010) that are emplaced on a pre-high productivity at the two seamounts studiediff&gui et
existing sedimentary structural high (Zitellini et al., 2009). al., 2009; Martin and Christiansen, 2009), but a “seamount
The south-western top of Coral Patch Seamount is domeffect” was observed on the microbial community structure
inated by exposed hard substrate, whereas soft sediment &nd biomass (Mendonca et al., 2012). Vilas et al. (2009)
just a minor substrate component (Wienberg et al., 2012)further suggested that the seamount created an effect on
Although exposed hardgrounds are dominant, and thus, ofthe fluxes of organic matter, with a higher concentration of
fer suitable habitat for settlement by benthic organisms,particulate organic matter above the Seine summit than at
the megafauna shows rather scarce occurrence except father similar depths. This might constitute an important food
cidarid echinoids and crinoids which were frequently ob- source for the benthic community, but further studies need to
served. Overall, the megafauna on Coral Patch Seamourie done to confirm this.
comprises benthic to epibenthic living organisms with a clear
dominance of suspension-feeders, which were observed &3.6 Great Meteor guyot (30.00N, 28.5CG W)
live occurrences as well as their skeletal remnants (e.g. shell
hash, coral debris). Scleractinian deep-water corals, fronThe Great Meteor Seamount, situated south of the Azores,
which the seamount derived its name, are rare and just coms one of the largest known seamounts in the north-east At-
prise isolated small-sized<(20 cm in diameter) live occur- lantic, rising from about 4500 m depth to 270 m below the
rences of the specidophelia pertusaandMadrepora ocu-  sea surface. It is also the most thoroughly studied seamount
lata. In contrast, dead coral framework and coral rubble arein the north-east Atlantic. Its history of research is dominated
more frequent, pointing to a higher abundance of corals orby biological sampling, though some geological investiga-
Coral Patch during the recent past (Wienberg et al., 2012)tions were conducted in the 1960s and 1970s (e.g. Watts et
Dead but relatively fresh-looking coral framework was often al., 1975; Wendt et al., 1976; von Stackelberg et al., 1979).
observed to be entangled in lost longlines. Overall, longlines The majority of the cruises that have visited the Great Me-
and various species of commercially important fish were fre-teor sampled the demersal invertebrate fauna. A total of 16
guently observed, emphasising the potential of Coral Patchieferences have been incorporated in the Seamount Ecosys-
Seamount as an important target for fisheries that may haveem Evaluation Framework (Pitcher et al., 2010) regarding
impacted the entire benthic community (Wienberg et al.,this attribute. Most studies are qualitative, and often focus

2012). on specific taxonomic groups, such as copepods or gas-
tropods (George and Schminke, 2002; Gofas, 2007). Nev-
3.3.5 Seine Seamount (33.76l, 14.38 W) ertheless, some quantitative studies have been conducted,

comparing both abundances and diversity of invertebrate
A seamount for which our knowledge has increased rapidlymegafauna with the adjacent continental slope and neigh-
over the last few years is the Seine Seamount, situated nedouring seamounts (Piepenburg andlidr, 2002; Bartsch,
the Madeira Islands. Virtually nothing was known about 2008). Perhaps surprisingly, these studies found the inverte-
this seamount until the initiation of the OASIS (OceAnic brate fauna on the Great Meteor guyot to be relatively poor,
Seamounts: an Integrated Study) project in 2002 (Chris-both in terms of abundances and species diversity.
tiansen and Wolff, 2009). This scientific initiative assessed The Great Meteor is among the few seamounts in the
oceanographic, geochemical and biological aspects of thaorth-east Atlantic where ecosystem dynamics have been
Seine Seamount (north-eastern of Madeira Island), whichaddressed. Several studies have indicated the trapping of
was visited in total seven times over a three-year period. Thevertically migrating organisms above the seamount summit,
substrate of the Seine Seamount is a mix of soft sedimentvhich might provide a resource for the demersal community
and hard rock, providing habitat both for sessile megaben{e.g. Fock et al., 2002; Nellen and Ruseler, 2004; Schnack-
thos such as sponges and corals as well as burrowing infaurachiel and Henning, 2004). There were also observations of
(Bett et al., 2004). A total of 11 different invertebrate phyla a Taylor column that might retain larvae, plankton or nu-
have been identified for the seamount. In addition, impor-trients around the seamount (Beckmann and Mohn, 2002).
tant studies were made of the demersal and benthopelagidowever, the levels of primary and secondary (zooplankton)
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production above the seamount seem not to be signifiprogram provided details about both substrate composition
cantly different from that of the surrounding open ocean,and the geological history of the Eratosthenes, a platform
though temporary variation exists (Martin and Nellen, 2004; built up mainly by limestone on continental crust (Robertson,
Mourifio et al., 2000). Low local productivity might explain  1998). There was only one biological investigation on this
why the demersal fauna of this seamount is relatively poorseamount during the last century, but the samples were de-
Fish species from the Great Meteor Seamount showed strongcribed as “surprisingly diverse” for the region (Galil and Zi-
affinities with the African coast, Madeira, and the Canary Is- browius, 1998). Various epifaunal taxa were found attached
lands (Uiblein et al., 1999). to the hard substrate of the seamount, including stony corals
and sponges. The Eratosthenes Seamount has recently been
3.3.7 Ses Olives (36.3N, 2.8 W), Ausias March revisited by scientists investigating meiofaunal and macro-
(38.72 N, 1.8C E), and Emile Baudot (38.70 N, faunal diversity, a nearly untouched area of seamount re-
2.33 E) seamounts search. The preliminary results of this study indicated rel-
atively high meiofaunal diversity with a decrease in abun-
Three seamounts in the Channel of Mallorca have recentlydance and diversity with increasing depth (Sevastou et al.,
received the attention of conservationists working to pre-2011). However, macrofaunal abundance and diversity were
serve the biodiversity of the Mediterranean Sea. Acosta etelatively low (Narayanaswamy, 2012). Recent video surveys
al. (2003, 2004) have described the geomorphology of thesen the flanks of the Eratosthenes Seamount revealed vent-like
features, called Ses Olives, Mont AasiMarch and Emile communities around shimmering water of increased ambient
Baudot. Compared to Atlantic seamounts, these Meditertemperature, indicating present hydrothermal activity on this
ranean features are located in relatively shallow water (300-seamount (Mayer et al., 2011).
650 m depth). Ses Olives and Mont AasiMarch are both
flat-topped and probably of continental origin, while the
more south-easterly located Emile Baudot is surrounded by# Conclusions

a large number of pinnacles, and might be of volcanic ori- .
gin. The summit of Ses Olives reaches 300 m depth, whileQUr Study revealed that the seamount population in the

Emile Baudot and Ausis March are shallower seamounts, O©SPAR area and in the Mediterranean Sea is large with
with depths of 150 m and 125 m, respectively. around 557 seamount-like features in the whole OSPAR

The seamounts in the Mallorca Channel had not been bidréa and about 101 in the Mediterranean Sea. These values
ologically researched until the sampling carried out by theWere higher than previous estimates since we used the latest
conservation organization OCEANA in 2007 (OCEANA, bathyme_try grids available for the region. Similarly, these to-
2008). During intense sampling around 200 different taxaP9raphic features occupy a large area of about 616 080km

were observed. Emile Baudot and AasiMarch both reach N the OSPAR area. In the Mediterranean Sea, seamounts
within the photic zone, allowing the development of encrust-0CCUPY an estimated area of about 89 506 kmuch larger

ing red algae, which were often covered by sponges. Deept-han previously thought. The 84 seamounts in the north-east

sea corals, sea anemones and echinoderms were also fratlantic and Mediterranean from which we have found in
quently observed. The summit of the deeper Ses Olives iSitu information are_ir) ggneral large features that reach shal-
largely covered by sandy sediment and inhabited by cruslow depths but exhlbl_t different ages gnd slopes. Moreover,
taceans and molluscs. A large number of demersal fisff@mounts mapped in the area are in general very hetero-
species were also reported, among which many are of com3@&neous, sh0_W|_ng diverse geophysm_al chgract_erlstlcs. These
mercial interest. Emilie Baudot has been a much used fishinglifferences will likely affect the biological diversity and pro-
ground, and at Auais March damage from bottom trawling duction of resident and associated organisms.

has been observed. Based on the work by OCEANA, these

three seamounts along with the Bell Guyot were recently des-

ignated marine protected areas by the Spanish governmergUPPlementary material related to this article is
(Madina, 2011) available online at: http://www.biogeosciences.net/10/

3039/2013/bg-10-3039-2013-supplement.zip
3.3.8 Eratosthenes Seamount (33.6N, 32.67 E)

The Eratosthenes Seamount, located in the eastern Mediter-

ranean Sea, Wa.s flrst.des_,crlbed from ge_ologlcal survgys th"j}&cknowledgementsThis research has received funding from the
usgd bathymetric, seismic and magnetic data to define th%uropean Community 7th Framework Programme (FP7/2007-
regional topography (e.g. Ben-Avraham et al., 1983; Tan-913) under the CoralFISH project, grant agreement no. 213144,
ner and Williams, 1984). Early descriptions of hydrothermal and HERMIONE project, grant agreement no. 226354. IMAR-
manganese deposits from the seamount suggested recent yoP/UA¢ (research and development unit #531) and LARSYS As-
drothermal activity (Varnavas et al., 1988). Later, a drilling sociated Laboratory are supported by FCT (under the strategic
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