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The concept of “vulnerable marine ecosystem” (VME) was included in United Nations
(UN) General Assembly Resolution 61/105 as part of an international effort to minimize
the effects of seafloor fisheries on the high seas. However, defining a VME was left
to be developed by technical guidance to the UN Food and Agricultural Organization.
In that venue certain categories of organisms were deemed to be indicator species,
suggesting that areas with those species would be considered VMEs with subsequent
management measures implemented to conserve those ecosystem attributes. We note
that on seamounts VME indicator species can be distributed widely, in dense clusters
or sparsely. A dense cluster, for example, of scleractinian corals or sponges, is most
often referred to as a VME, but we argue that any such dense cluster is not an
ecosystem, rather it is a community, likely one of many that make up the ecosystem.
Other communities on the seamount that are not part of that dense cluster could include
many small species (some yet to be discovered) who are also part of the ecosystem
because they are part of the web of interactions and flow of materials/energy on the
seamount. We also suggest that a seamount ecosystem might extend over several or
many seamounts in a biogeographic area. We conclude that the term “ecosystem” in the
VME concept outlined by the United Nations needs to be re-evaluated from a classical
ecological perspective leading to spatial management approaches that better address
ecologically relevant space and time scales.

Keywords: vulnerable marine ecosystem, seamount, marine communities, Solenosmilia, fisheries

INTRODUCTION

Seamount habitats harbor diverse assemblages of suspension-feeding organisms, usually attached
to the hard substrate, and often extending a meter or more into the overlying water. Many, if
not most, of these organisms have life history characteristics that identify them as indicators of
vulnerable marine ecosystems (VMEs, but we will use VMEcosystems, to distinguish between the
ecosystem and the indicator species usage of the acronym VME). In general, the VME indicator
species are long-lived, with ages extending from many decades to several centuries and longer; they
are fragile, having become adapted to places where water flow, even when enhanced, generally does
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not exceed a few centimeters per second; their reproductive
habits, when known, suggest infrequent or aperiodic spawning,
often on scales of years between spawning events, the exception
perhaps being in areas with seasonal and dense phytoplankton
blooms with subsequent transport to the seafloor; and their larvae
are mostly unknown, as is the distance over which they are
capable of dispersing [Food and Agriculture Organization of the
United Nations (FAO), 2009].

The problem with the identification of VMEcosystems and
deciding how to manage them is that there is no agreement on
delimitation of the ecosystem. Noteworthy is that the original
UNGA resolution 61/105 included the phrase “vulnerable marine
ecosystem” as critical terminology (paragraphs 76-95) so the
Expert Consultation tasked to develop the initial draft of
the guidelines needed to start with this as the foundation
[Food and Agriculture Organization of the United Nations
(FAO), 2009]. The panel considered how to address the
ecosystem-scale scope of the term but reduced the level of
complexity for implementation to the scales of populations,
communities, and habitats (paragraphs 14-16 in the guidelines)
which are the units that would experience any alterations.
Indeed, the guidelines that describe and define VMEcosystems
acknowledge that Regional Fisheries Management Organizations
(RFMOs) and their member states would want some flexibility
in implementation.

Determining whether a vulnerable marine ecosystem is
present is predicated on finding pre-determined indicator species
(UNGA Resolution 64/72). The characteristics of indicator
species were determined to have a particular set of attributes that
make them especially vulnerable to the impacts of bottom contact
fishing gear [Food and Agriculture Organization of the United
Nations (FAO), 2009]: (1) uniqueness or rarity of the species;
(2) functionally significant to the habitat; (3) body fragility; (4)
life-history characteristics that make probability of recolonization
after impact low or unpredictable; and (5) species that serve as
habitat for other species through their structural complexity. On
seamounts much attention has been given to species of corals
and sponges since they generally fit at least one, and often
several, of the criteria to be considered as VME indicator species
(Ardron et al., 2014).

The concept of vulnerability is a critical element for
implementing the guidelines. Paragraph 14 of UNGA Resolution
62/72 states (italics ours for emphasis): “[v]ulnerability is related
to the likelihood that a population, community, or habitat will
experience substantial alteration from short-term or chronic
disturbance, and the likelihood that it would recover and in what
time frame. These are, in turn, related to the characteristics of the
ecosystems themselves, especially biological and structural aspects.
VME features may be physically or functionally fragile. The most
vulnerable ecosystems are those that are both easily disturbed
and very slow to recover, or may never recover.” Therefore,
the concept of a VME is linked to the ecosystem in which
populations, communities and habitats are nested and interact at
a functional level.

In much of the subsequent literature and discussion on the
issue, as well as the application of the guidelines, the concept of
indicator species has been conflated with the ecosystem itself so

that when some authors speak of VMEs they are simultaneously
speaking of the presence of indicator species but also, by
inference, evaluating the presence of a vulnerable ecosystem.
The problem, of course, is that we see many examples where
the occasional presence (i.e., sparse distribution) of indicator
species is interpreted to mean that we are not in a VMEcosystem.
However, it is important to remember that these are indicator
species and are meant to represent all the other species not
considered or sampled in the ecosystem.

DISTRIBUTION OF INDICATOR SPECIES,
COMMUNITIES, AND ECOSYSTEMS ON
SEAMOUNTS

Some seamounts, especially at high latitudes (but see Baco
et al., 2017 for an example of a low latitude example) harbor
extensive thickets or reefs created by colonies of hard corals.
In the Southwest Pacific, the coral Solenosmilia variabilis, is the
primary species of the coral thickets (Thresher et al., 2011).
Elsewhere, Madrepora or Desmophyllum can fill the same role.
The importance of these thickets is that they form habitat for
an unknown number of other species, most of which have not
been documented outside of the NE Atlantic. Images from the
Tasmanian seamounts show most octocorals growing on the
dead skeletons of the Solenosmilia colonies. In addition, large
sea urchins and other invertebrates, including bryozoans and
hydroids were utilizing this habitat (Thresher et al., 2011). When
most people think of VMEcosystems, reef and thicket habitats
are what come to mind. But seamounts, especially along ridges
created by the erosion and slumping of the seamount flanks, can
have high densities of bush-like octocorals with an understory
of smaller species, including sponges, most if not all fragile and
functionally significant as habitat (e.g., for commensal species).
Diversity in these “coral gardens” or “forests” is probably quite
high, but they have not yet been adequately sampled to better
quantify this relationship.

In our opinion and extensive observation, most people, when
referring to VMEcosystems are in fact really talking about
VMCommunities (VMCs). Indeed it has been fundamental in
ecological science that ecosystems are composed of many habitat
types that support communities of several kinds (see Allee et al.,
1949, for example). In the South Pacific, Rowden et al. (2017)
mapped in detail the distribution of the hard coral, S. variabilis,
over several seamounts. They found the distributions of brisingid
starfish and crinoids to closely parallel that of the hard coral.
They refer to this as the Solenosmilia VME, but in fact, it is the
Solenosmilia community, one of many communities on those
seamounts, the others generally not discussed in detail (but see
Clark et al,, 2015), that are made up of gorgonians, black corals,
sponges, and small organisms living in the sand. With the possible
exception of the sand, one could think of the coral groups and
sponges as characterizing a suspension-feeder community, partly
separate from, but perhaps also overlapping with the Solenosmilia
community. The sand community comprises worms, nematodes,
harpacticoid copepods, and others., but are poorly studied.
The sand communities are connected through water flow,
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larval distribution, and the flux of materials from proximate
coral and suspension-feeding communities (e.g., Bourque and
Demopoulos, 2018; Pierrejean et al., 2020), thus justifying the
concept of the seamount as a series of functionally interrelated
and spatially overlapping communities making up part of an
ecosystem which potentially comprises multiple seamounts.

Many studies, from Remotely Operated Vehicle (ROV)
dives to towed camera transects, have demonstrated that VME
indicator species are not homogeneously distributed across
seamount substrates (e.g., Victorero et al., 2018). Seamounts
are complex geomorphological structures composed largely of
basalt rock in the form of ridges and flat plains, but also as
vertical cliffs with all angles of slopes in between. Depending
on the geological history of the seamount, there may also be
areas of compressed ash, or breccias consisting of stones and
boulders of various sizes, and biogenic sand. All these factors
contribute to seamounts possessing a range of potential habitats
(Figure 1) in which vulnerable species can live (Auster et al.,
2005). In addition, seamount sandy habitats harbor unique small
species, some of which have so far been found nowhere else.
A good example are the 54 new species of the sediment-dwelling
harpacticoid copepods found on the flat summit of Great Meteor
Seamount in the Northeast Atlantic (George and Schminke,
2002). Dredge samples from the summits of the Meteor and
Lusitanian seamount groups, which are separated by about
1,000 km, also produced 30 new species of small gastropods in
the family Rissoidae (Gofas, 2007).

The ICES Working Group on Deep-Sea Ecology (WGDEC)
has been asked, over multiple years, to refine the operational
definition of VMEcosystems and the associated use of indicator
species in the decision process for spatial management. This effort
has led to a series of reports and articles that address indicator
species distribution, abundance, vulnerability, and uncertainties
regarding indication of a VMEcosystem, in an effort to clarify
recommended areas for protection in the North Atlantic where
bottom trawl fishing is occurring (Morato et al., 2018, 2021). But,
while numerical approaches are being used to identify vulnerable
components of VMEcosystems, they do not provide insights into
the functioning of vulnerable marine ecosystems. That is, the
understanding and delimitation of the ecosystem also requires
a “process-functional” approach which accounts for energy flow.
Thus, “. .. we see the ecosystem as a dual entity. In one dimension
it is structured according to constraints involving organism
interaction and natural selection. In another dimension it is
structured according to constraints that involve mass balance and
thermodynamics” (O’'Neill et al., 1986: 209). In the sea, which is a
relatively open system, ecosystems are typically large, boundaries
are created by water masses and fronts, thus encompassing
several hundred thousand square kilometers measured at the
ocean surface (Sherman and Duda, 1999). At depth, we do not yet
know the extent of the ecosystem, although there are proposals
for province boundaries (Watling et al., 2013).

Does the VMEcosystem cover only a single seamount or are
there multiple seamounts in a VMEcosystem? The communities
that make up an ecosystem can range over very large distances.
Common examples are the communities of sandy beaches or
rocky shores along continental coastlines, both of which are

commonly thought of as ecosystems. Each contains their own
common set of species, and each might not be contiguous
throughout the range, but each also might have in common the
dispersal of individuals from one part of the ecosystem to another,
through the movements of either the larval or adult stages of
the populations. The same can be said for seamounts within a
biological province. A community dominated by several species
of bamboo corals or the scleractinian Solenosmilia might extend
along the whole or part of a seamount chain, or range over
seamounts located in large sections of the ocean basin. Those
distributions and estimates of the genetic connectivity or how
much genetic variation exists over the whole of the range of a
species is just becoming known (e.g., Thoma et al., 2009; Radice
et al., 2016). Some information is available for species, such as
brittle stars and chirostylid galatheid crabs associated with the
corals, rather than the corals themselves (Samadi et al., 2006; Cho
and Shank, 2010).

Determining the extent of VMEcosystems begins with
mapping the distribution of biogeographic provinces in the
ocean, which in turn uses the distributions of species that make
up the communities that have so far been investigated. While
deep-sea biogeography has been an area of study since the time
of Ekman (Watling et al., 2013), it was only the recent funding
for deep-diving ROVs and funding for ecological exploration
of continental margins and deep sea regions that has allowed
scientists to begin to map the bathyal benthos of the ocean
away from the continental shelves (e.g., Kennedy et al., 2019;
Lapointe et al., 2020). Much of the data thus procured has been
archived in Ocean Biogeographic Information System (OBIS)
and is available to anyone who wants to use it (e.g., Costello et al.,
2017). One method of differentiating seamounts or seamount
groups as VMEcosystems, is to determine which of the many
seamounts in the ocean are similar to each other in some
characteristic way. Clark et al. (2011) developed a classification
system using several physical and biological features including
summit depth, organic matter flux, distance to nearest seamount,
and dissolved oxygen in the surrounding water. This method
divided the estimated global 10,604 large seamounts (estimate
from Kitchingman and Lai, 2004) with summit depths in the
bathyal (<3,500 m) into 194 groups distributed over the 14
bathyal provinces of Watling et al. (2013). In the biogeographic
province in which the Louisville seamounts are located (BY6), for
example, there were 517 seamounts divided into 17 groups, of
which four occurred at various points along the Louisville chain.

It is very rare that more than two or three ROV dives are
conducted on any one seamount, so variation in community
composition based on depth (water mass characteristics),
orientation to principle current regime, and effects of species
interactions are generally not well-known. Seamounts with
multiple dives on the summit and flanks include Kelvin (Lapointe
et al., 2020) and Anton Dohrn (Davies et al., 2015) in the North
Atlantic, Davidson (McClain et al., 2010) and Cobb (Du Preez
et al,, 2016) in the Northeast Pacific, Necker Ridge (Morgan
et al,, 2015) in the Central Pacific, and the Graveyard seamounts
NE of New Zealand (Clark and O’Driscoll, 2003). Other ROV
programs, such as those of the Okeanos Explorer and Nautilus, are
exploratory and rarely do more than two dives on any seamount
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FIGURE 1 | Typical communities commonly seen on Pacific seamounts that exhibit a diversity of species in different settings with no single indicator species that
would characterize these places. (A) A mixed coral, coral rubble, and sand habitat at 803 m off Jarvis Island with roaming Bathycongrus. (B) Sparse corals and
Neocyttus cf. acanthorhynchus along the margin of basaltic ridge and sand habitats, 1,140 m, Titov Seamount. (C) A mixed coral community on the flank of
Swordfish Seamount, 970 m. (D) Diplacanthopoma sp. among octocoral branches in a mixed basalt and sand habitat. All images courtesy of NOAA Okeanos
Program and CAPSTONE Science Team, fish identifications from annotations during the dives by B. Mundy, NOAA Fisheries.

(Kennedy et al., 2019). As a result we have a more or less detailed
look at the distribution of organisms on only a few seamounts
and so cannot say much about the distribution of communities
on any one seamount. In the SW Pacific, a TowCam system was
used to cover at least the summit area of a number of seamounts.
In most cases those seamounts had relatively small summit areas
so the TowCam transects were arranged to produce coverage of a
significant proportion of the summit and approaching flanks. In
other cases, such as the Louisville Seamounts, most of the transect
coverage was on the summits (Clark et al., 2015).

In order to determine the boundary of an ecosystem it is
important to know the limits of the component communities,
both horizontally and vertically. Efforts to plot or model
the distribution of the most abundant indicator species may
not account for the whole ecosystem or spatially distinct
but nonetheless vulnerable communities within the seamount
landscape (e.g., Rowden et al,, 2017). As well, we know that
fishing at a selective depth can have impacts far deeper than the
target fishing depth due to the vertical movements and other
density dependent responses of fish species (Bailey et al., 2009;
Priede et al,, 2011). For several seamounts in the Louisville
Seamount chain, various models were applied to towed camera
image data to determine that three VME indicator species,
S. wvariabilis coral heads and matrix, brisingid starfish, and
crinoids, were located near the summit edges, and that other parts
therefore could be trawled due to the absence or low abundance of
those species. Rowden et al. (2017) refer to the S. variabilis matrix
as if it is a VMEcosystem on its own, and so, by presumption,
the remainder of the summit of the seamount does not belong to
that ecosystem and is therefore not vulnerable. We have already

suggested that Rowden et al. (2017) were actually determining
the extent of the Solenosmilia community, which is only a part
of the larger ecosystem. Whole seamounts need to be treated as
VMEcosystems (Watling and Auster, 2017), or more likely, as
part of a larger ecosystem.

CONCLUSION AND
RECOMMENDATIONS

We find the term “ecosystem” as currently applied to VMEs
to be confused in use and application since its roots in the
ecosystem concept are broader and more holistic. This confusion
has led to use of VME indicator species being conflated to
indicate whether a VMEcosystem is present or not, often
ignoring the connections of such species to the communities
of organisms in which they reside. Most importantly, this
interpretation leads to gaps in meeting overall conservation goals.
Seamount communities are not well known due to minimal
or a wholesale lack of survey effort on individual seamounts.
Focusing on single easily detected species (i.e., captured in
fishing gear as bycatch or in image surveys) does not equate
to the extent of the interactions defining the ecosystem or the
connectivity of the vulnerable seafloor community. Protecting
only part of a seamount does not necessarily protect the integrity
of the seamount communities, making the whole community
vulnerable. Furthermore, the seamount ecosystem most likely
will extend over multiple seamounts, the extent to be determined
by geography and hydrography. “An “ecosystem plan” that fails
to protect all of the species associated with a particular natural
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community can only be characterized as deficient” (Wilcove,
1994: 327). This statement was written as part of the legal
argument for saving the whole of the old growth forest of the
northwestern United States as habitat for the northern spotted
owl. Wilcove showed that a management plan targeted at a single
species was unlikely to protect the full diversity of interacting
and vulnerable species in the ecosystem and thus the spotted
owl, itself.

Identifying the presence, distribution, and abundance of an
indicator species defines the state of that species at a moment
(or period) in time. It does not define the composition of an

associated community, the suite of species interactions that define
and sustain the community, or the flows of materials and energy
that define the bounds of the ecosystem. Most important, it is
those details about species interactions (including population
connectivity, energy flow that mediates growth and reproduction,
and interactions mediated by the local oceanographic regime)
that will be needed to understand and predict the extent to which
fishing and other human activities produce significant adverse
impacts. Significant adverse impacts to indicator species alone
simply defines a set of minimum bounds on the effects of human
actions on VMEcosystems.
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From these considerations we make the following
recommendations: (1) use indicator species to identify individual
seamount VMCommunities recognizing that protecting part of
a seamount identified only by the presence and distribution
of an indicator species is not enough (Watling and Auster,
2017); (2) use the seamount classification system of Clark
et al. (2011) or its equivalent to delimit groups of similar
seamounts to focus conservation management efforts and to
distinguish between rare and abundant seamount types; (3)
examine the similarities among adjacent groups of seamounts
to see whether they should be considered to be part of a
larger ecosystem group; and (4) evaluate the spatial extent
of these larger units so that “significant adverse impacts”
measures can be used to determine whether to allow some
bottom fishing within a seamount ecosystem group (e.g.,
allowing one or two seamounts in each ecosystem group
to be fished). We show in Figure 2 the Cclassification
system as applied to the New England and Corner Rise
Seamounts in the NW Atlantic along with the distribution
of megafaunal assemblages on some of those seamounts
as determined by Lapointe et al. (2020) to illustrate the
complexity of the ecosystem problem. Only by defining
the boundaries in which fishing impacts occur can we
evaluate the impacts to VMEcosystems and those interacting
communities within.
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