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 floor and thus form
relatively shallow habitat available for bathyal species above the surrounding abyssal
seafloor. 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 woridwide, 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
difficult: (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 influence species composition, the structure of
seamount benthos will reflect 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 100000 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 fisheries 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 Kautmann (1987) present a global inventory of the fauna collected on about
100 seamounts that comprises 597 species, many of which are unidentified. 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 Pacific (Kuzneksov and Mironov,
1981; Parin et al, 1997) yielded 192 reported species, many unidentified, from 25
scamounts. Koslow and Gowlett-Holmes (1998) list 242 invertebrate species from 14
seamounts off Tasmania. By contrast, 730 species have been deseribed from 18 seamounts
in New Caledonia (Richer de Forges ef 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 findings from seamount studies in New Caledonia (south west Pacific) to illus-
trate several key biological aspects of seamount benthos. We highlight six fundamentai
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 amplified 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, particuiarly 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 commmunication).

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 ef ¢l. 2005). See supplemental material for expedition details.

Higher taxon Families Genera Species New species New %
Porifera 61 135 216 142 657
Cnidaria 9 19 73 50 76.7
Brachiopoda 14 20 26 5 19.2
Annelida and Sipuncula 6 11 £7 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 98 298 691 362 523
Echinodermata 15 30 36 16 44 4
Tunicata 12 ¢ 36 66 48 T2.7
Vertebrata 109 242 414 73 17.6
Total 469 118t 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 15 789
Brachiopoda 9 11 13 3 23
Annelida and Sipuncula 2 2 2 2 100
Bryozoa 28 44 56 36 64.2
Mollusca 43 a6 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 04 124 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 figures 15% in the Eastern Pacific 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 Pacific (Fig. 7.1, Richer de Forges, Personal
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Table 7.3 Species richness of the fauna living on the scamounts 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

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.

¢

Fig. 7.1 Southwest Pacific 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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i
Geographic variation in species richness and composition
New % ; Lo . T . .
i Several aspects of species richness and geographic variation in community composition
62.5 ' are well illustrated by seamount studies in the southwest Pacific (Richer de Forges ef al.,
100 . . .
50 2000) based on taxonomically comprehensive collections of megabenthos from three
0 seamount groups: (1) Norfolk Ridge (6 seamounts, 295 samples, 516 species); (2) Lord
714 Howe Ridge (4 seamounts, 35 samples, 108 species) and (3) south of Tasmania (14
80 .
40 y seamounts, 34 samples, 297 species).
71.4 Estimates of benthic species richness on seamounts can be strongly influenced by col-
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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 Pacific seamounts, community composition differed significantly between two
ridge systems at similar latitudes separated by about 1000km (Fig. 7.3; Richer de Forges
et al., 2000). Over larger spatial scales (~3000km) 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 arc known from the seafloor around New
Caledonia.
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Fig. 7.3 Relationships between the seamounits, distart from each other only by 10km, and the community coef-
ficient (C) between seamount sites (solid diamond), hydrothermal vents gites from the Eastern Pacific Rise in the
North and South Pacific and Galapagos Rift (open circles), and vent sites from disconnected ridges in the north-
cast Pacific at 41-49° N (crossed circles). Sowrce: After Richer de Forges er al. (2000).

The isolation of seamount faunas between the southern and northern Tasman Sea con-
trasts markedly with the generally strong affinity 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 fanction 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 secamount biota is the high level of endemism. Wilson and
Kaufmann (1987) estimated that 12-22% of fishes and 15-36% of invertebrates are
endemic to seamounts. Accordingly, in the SW Pacific, 36% of species from the Norfolk
Ridge seamounts were new to science and not known from sampling of the open seafioor,
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 ef al.,
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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 (Améziane-Cominardi ef al., 1987; Laurin, 1992; Vacelet et al., 1992).

These figures 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 difficult to judge. The spatial scale over which endemism is
defined and reported is a further complication. Essentially, endemism is defined as “limited
geographic range size’ of a species, but what this means depends on the spatial scale over
which it is defined. 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 qualified 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 af.
(2002) demonstrate that the true number of species was underestimated in the tropical
Indo-Pacific. This conclusion could be‘extrapnlated 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 ez 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 finding 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 shaliowest seamounts, stalked crinoids (Metacrinus levii) are found at a depth of
250-300m, 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 flat
summits between 230 and 720m deep. There are few marine geological studies on these
features in the SW Pacific (see Van de Beuque, 1999; Veevers, 2000, 2001), but consider-
ing their shape and limestone caps, the sumimits of these seamounts were historically close
to or above the sea surface. The bottom of the deeper (>720m) seamounts is covered with
polymetallic crust, with Fe-Mn layers ranging in thickness from a few millimetres to sev-
eral centimetres, engulfing other dead objects on the seafloor such as fish otoliths and whale
bones (see Chapter 1). The rate of deposition of these crusts is estimated to be 1-5mm
year on Hawaiian seamounts (Verlaan, 1992). Where the seafloor is totally covered
by manganese crusts, few invertebrates are able to settle, except for sparse gorgonians,
sponges and stalked crinoids (Grigg ef al., 1987).

1200
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Fig. 7.4 3D view of the south of New Caledoenia (NC) showing the relative positions of the main Norfolk Ridge
scamounts. M: Munida seamount; Az: Antigonia seamount; St: Stylaster scamount; JO: Jumeau ouest seamount;
Je: Jumeau est seamount; A: Kaimon maru seamount; B: Eponge seamount; C: Introuvable seamount.

Seamounts with a summit around 300-600m 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 ef 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




with flat
on these
onsider-
Iy close
red with
s 1o sev-
1d whale

1-5mm

covered
gonians,

Metres
T o

400
800
1200
- 1600
2000
2400
2800

folk Ridge
seamount;

lithistids
increase
ince and
cies and
it. Depth
“hlacher-

ts (Lévi,
1pling of
recently
Here we

Seamount benthos 127

briefly review the principal groups for which archaic forms have been described from
seamounts.

Sponges

Sponges are especially species-rich on shallow seamounts 200-700m 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 Pacific Ocean; (d) the high diversity of lithistids is comparable only
with the fossils from the Cretaceous in Europe. The sponge fauna has strong affinities
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 n(:rthem 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
affinities to the Jurassic and Cretaceous fauna from the mesogean Tethys Sea (Améziane-
Cominardi ef al., 1987, 1990; Bourseau et al., 1991). The description of this crinoid fauna
has totally modified the knowledge of this group for the Indo-Pacific (Bourseau et af.,
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 Tossil 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 calcified 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
secamounts.

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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(b)

Fig. 7.5 Examples of relic fauna from seamounts: (a) Gyrmocrinus richeri, from Stylaster seamount, 500 m and
(b) Caledonicrinus vaubani, from Antigonia seamount, 300 m.

+

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 ef 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 Mororaphis collected from the
seamounts was estimated to be 440 years old based on an analysis of growth rings in its
3.4m long spicule (Ellwood and Kelly, 2003). *C-dating of a 12 ¢cm high stalked crinoid
(Gymnocrinus richeri) indicates an age of 340 years (Richer de Forges ef 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 500m, a
drop of temperature of about 2°C 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 fisheries (see Chapter 19), and their age
is estimated at 300500 years (Tracey et al., 2003). These slow-growing organisms are
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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 palaco-environmental indicators (Ellwood and Kelly, 2003).
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Fig. 7.6 Temperaturc 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 1°C 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), modified by T. Corrége.

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 influence 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 defined 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 ef al. (2000) suggested that this isolation could
lead to a reduction in gene flow. Assessing the genetic structure of populations from dif-
ferent seamounts could test this hypothesis.

Resource availability and biomass ¢

Seamounts often support sizeable fish stocks and are thus attractive fishing grounds.
It is not always clear what mechanisms support the large fish 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 snggested 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 ef al., 2003; Genin, 2004). Enhanced biomass of filter 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 filter 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 flow 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




ler and
slands,
ntially
ceanic
hysical
WEVer,
e orga-
hat the
od over
Roden,
- ¢ircu-
viundy,
ineaux
1 could
m dif-

rounds.
d with
hanced
raction
id mix-
ic zone
feeders
ctivity.
nearby
eeders,
1485 On

], then
confer

mounts
should

. possi-
er long
benthic

Seamornt benthos 131

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 flow and larval strategies

Genetic studies, of which there are few, permit evaluation of the isolation of seamount pop-
ulations. Most studies concern fishes (Creasey and Rogers, 1999), many of which indicate
isolation of populations at a local scale. For example, Aboim er 4l. (2005) demonstrated
that populations of the benthopelagic fish 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 genctics 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 ef af., 2004). Thus although these environ-
ments are markedly fragmented, species associated with these environments can be highly
dispersive.

On searnounts, it scems that populatioﬁ fragmentation and restricted gene flow 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 confirmed 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 nof.
Similarly, five squat lobster species with dispersive larvae were genetically similar among
populations on seamounts and the adjacent island slope. These resuits parallel deep-sea
bamboo corals (Smith et @l, 2004) amoeng which taxonomists had traditionally sug-
gested a high rate of endemism on seamounts, and low gene flow among distant popula-
tions. A genetic survey confirmed that specific 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 100km. 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.

Trophie 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). Amplified
currents over seamounts enhance the growth of resident animals by augmenting the flux 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 ef al., 1986; Wilson and Kaufmann,'l 987).

This dominance of suspension feeders on seamounts (Genin ef al., 1986) suggests that
benthic food webs of seamount may be simple. Because filter 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 (5'°N) measured
in the tissues of a wide range of benthic invertebrate groups and some small fishes obtained
as bycatch collected from several seamounts on the Norfolk Ridge. 8'°N is routinely used
to determine the trophic position of consumers in food webs (Post, 2002) because §'°N
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 ot short (Fig. 7.7), and the food web was not compressed to filter-
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 (lken et al., 2001), 4.6 in the Arctic Canada Basin (Tken ef 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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Fig. 7.7 Nitrogen isotope signature (6'N) of the benthos on seamounts of the Norfolk Ridge. Isotope data from
the seamounts arc 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 er ai., 1991, 1999; Altabet, 2001; Altabet and Francois, 2001; Lourey ef al., 2003). Calculation of trophic
pasition is according to Post (2002): A + (6N = 8" Niyago of food web) 2\, Where A is the trophic position of
the organism used to estimate the ‘baseline’ of the food web (e.g., A=2 for primary consumers), and A, is the
enrichment per trophic transfer. We used a mean trophic fraction factor of 3.4 (Post, 2002), +95% confidence
limits of 0.26, depicted as dotted lines. We took primary consumers as the ‘baseline” and this was calculated as the
median of the first decile of all 3'*N measurements in the data set (it corresponds very well with an enrichment of
3-4 ppt from deep, particulate nitrogen to primary consumers).

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 1m ~4.2-4.5
Schlacher (unpublished) Subtropical estuaries (Australia) <10m 3840
Past ef af. (2000) Freshwater lakes (n =25}, N-America <50m 3.6-55
Jennings and Warr (2003} North- and Irish Seas, English Channel 20-105m 4.2-45
Le Loc’h and Hily (2005) Bay of Biscay 95-120m 3.64
Davenport and Bax (2002) Continental Shelf, SE-Australia 20-250m 3-38
Bosley ez al. {2004) Astoria Canyon, Oregon (UJSA) 89-549m 3.9-45
This study Seamounts Norfolk Ridge 200-900m 4-5
Polunin ef ¢f. (2001) Balcaric Island Slope 200-1800m 44
Tken et al. (2005) Arctic, Canada Basin 625-3398m 4.6
Tken et al. (2001) Porcupine Abyssal Plain 4840m 3538




134 Seamounts: Ecology, Fisheries & Conservation

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 ef al., 2000). Our measurement of 4-5 trophic levels within the ben-
thic consumer guild excludes larger predatory fish 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 fishing 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 er al., 1997;
Koslow et al., 2001; Batson, 2003). Although the negative impacts of bottom trawl-
ing on seamount biota are widely publicized, the prictice 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, fish 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 fishing closures may not be efficient 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 defined 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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circulationcells. These environmental conditions are mirrored ina 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 floor, 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 mbdels about the structure and function of the
benthos, which would be conceptually applicable worldwide.
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