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Seamounts as Vulnerable Marine Ecosystems:
Applying FAO Guidelines on a Case-by-Case
Basis in the Louisville Seamount Chain

Dr Lissette Victorero, 13 January 2025

The Deep Sea Conservation Coalition (DSCC) is submitting this review by Dr. Lissette Victorero to
the 13th SPRFMO Commission meeting recognizing its relevance in discussions on amendments
to bottom fishing conservation measures and broader considerations for ecosystem protection. This
review serves as a complement to the DSCC Observer Briefing, which highlights under Point 1 that:
SPRFMO CMM 03-2023 provides in paragraph 48 “Where the Commission has identified areas as
vulnerable marine ecosystems, the Commission shall: (a) Register the VME in Annex 9 of this CMM,;
and (b) Ensure the Management Area boundaries established in paragraph 14 and Annex 4 of this
CMM are updated to exclude the VME from areas open to fishing.”

Abstract

Seamounts, including knolls and hills, are essential deep-sea ecosystems that provide unique
habitats and play a critical role in supporting marine biodiversity. Since 2006, UN General Assembly
resolutions have consistently emphasized the importance of protecting vulnerable marine
ecosystems (VMEs), including seamounts, from significant adverse impacts. This paper evaluates
whether the Louisville Seamount Chain within the SPRFMO Bottom Trawl Management Areas
(BTMA) meet the FAO Deep Sea Fisheries Guidelines criteria for VMEs. These guidelines assess
factors such as functional significance, fragility, slow recovery, and structural complexity. To inform
this classification, we present scientific evidence from both the Louisville Seamount Chain. Our
findings strongly support classifying the Louisville Seamount Chain as a VME, as it meets five of the
FAO VME criteria. We recommend conducting similar case-by-case VME assessments for the Lord
Howe Rise, South Tasman Rise, West Norfolk area, and Challenger Bank, which remain open to
bottom trawling. Notably, recent years have seen considerable coral bycatch on the Lord Howe
Rise, exceeding the threshold to activate the encounter protocol and reinforcing the need for its
evaluation as a VME. Visual surveys, along with historical and recent bycatch records of VME
indicator taxa, further confirm the capacity of these areas to sustain extensive VME communities.
Given the scientific evidence, a precautionary, ecosystem-based approach is warranted to protect
seamounts. This should start with their inclusion in Annex 9 of CMM 03-2023, and exclusion from
bottom trawl management areas (BTMAs), to ensure effective management and conservation.


https://www.sprfmo.int/assets/Fisheries/Conservation-and-Management-Measures/2023-CMMs/CMM-03-2023-Bottom-Fishing_29Mar23.pdf

Background

Seamounts are submarine mountains that rise from 100 metres to over 1,000 metres above the
seafloor, and occur typically 200 metres or more below the ocean surface (Menard, 1964; Rogers,
2018; Staudigel & Clague, 2010). Seamounts encompass a range of complex morphologies,
including hills (elevations <500 metres), knolls (elevations >500 metres), ridges, and fracture zones
formed at transform faults (Staudigel & Clague, 2010). Despite their varied shapes and heights,
these features exhibit similar biological and ecological functions (Clark et al., 2022; Howell et al.,
2010; Yesson et al., 2011).

Consequently, seamounts are now recognised as biodiversity "hotspots," hosting abundant and
diverse communities of fish and benthic species, with elevated species richness, biomass, and
abundance compared to surrounding abyssal plains (de Forges et al., 2000; Samadi et al., 2006).
This biodiversity is largely due to enhanced habitat heterogeneity and productivity on seamounts,
which promote species coexistence and frequent turnover across habitats, often occurring over
spatial scales as small as 100 metres (McClain et al., 2010; Victorero et al., 2018). In line with these
findings, seamounts generally display greater biomass than other deep-sea areas (Rowden et al.,
2010; Sautya et al., 2011).

The United Nations General Assembly (UNGA) has committed States to protecting vulnerable
marine ecosystems (VMEs), explicitly identifying seamounts, hydrothermal vents, and cold-water
corals as ecosystems that should be protected through resolutions since 2006 (Table 1). Each
resolution has also progressively built upon the 2009 FAO Guidelines, calling for increasingly
comprehensive measures to protect VMEs and their associated and dependent species from
significant adverse impacts (SAls) (Table 1). The 2022 UNGA review, in paragraph 213, further
underscores this commitment, calling on States and RFMOs “To ensure that the precautionary
approach is applied, including in the utilization of impact assessments to inform management
decisions and consideration of significant adverse impacts on vulnerable marine ecosystems,
including their associated and dependent species”.

In addition to UNGA resolutions, global conservation initiatives such as the UN Decade on
Ecosystem Restoration (2021-2030) aim to “prevent, halt, and reverse the degradation of
ecosystems on every continent and in every ocean.” Similarly, the Convention on Biological Diversity
(CBD) COP-15 Global Biodiversity Framework (2022) underscores the urgency of protecting
biodiversity, with a target to halt and reverse biodiversity loss by 2030. However, bottom trawling—
identified as the greatest threat to seamounts (UN, 2022, Second World Ocean Assessment) —
poses a significant challenge to these efforts, jeopardizing deep-sea biodiversity hotspots and
critical ecosystems. Only 1.5% (n = 581) of seamounts globally are located within VME-closed
areas, with the majority of these closures concentrated in the Atlantic Ocean (Kerry et al., 2022).
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Resolution

Text concerning VMEs

59/25
(2004)

61/105
(2006)

64/72
(2009)

66/68
(2011)

71/123
(2016)

77/118
(2022)

Calls upon States, either by themselves or through regional fisheries management organizations or arrangements,
where these are competent to do so, to take action urgently, and consider on a case-by-case basis and on a
scientific basis, including the application of the precautionary approach, the interim prohibition of
destructive fishing practices, including bottom trawling that has adverse impacts on vulnerable marine
ecosystems, including seamounts, hydrothermal vents and cold water corals located beyond national
jurisdiction, until such time as appropriate conservation and management measures have been adopted in
accordance with international law;

Calls upon States to take action immediately, individually and through regional fisheries management
organizations and arrangements, and consistent with the precautionary approach and ecosystem approaches, to
sustainably manage fish stocks and protect vulnerable marine ecosystems, including seamounts,
hydrothermal vents and cold water corals, from destructive fishing practices, recognizing the immense
importance and value of deep sea ecosystems and the biodiversity they contain;

In respect of areas where vulnerable marine ecosystems, including seamounts, hydrothermal vents and cold
water corals, are known to occur or are likely to occur based on the best available scientific information, to close
such areas to bottom fishing and ensure that such activities do not proceed unless conservation and
management measures have been established to prevent significant adverse impacts on vulnerable marine
ecosystems;

Calls upon States to take action immediately, individually and through regional fisheries management
organizations and arrangements, and consistent with the precautionary approach and ecosystem approaches, to
implement the 2008 International Guidelines for the Management of Deep-sea Fisheries in the High Seas of the
Food and Agriculture Organization of the United Nations (“the Guidelines”) 23 in order to sustainably manage fish
stocks and protect vulnerable marine ecosystems, including seamounts, hydrothermal vents and cold water
corals, from destructive fishing practices, recognizing the immense importance and value of deep sea
ecosystems and the biodiversity they contain;

Calls upon States to take action immediately, individually and through regional fisheries management
organizations and arrangements, and consistent with the precautionary approach and ecosystem approaches, to
continue implementing the 2008 International Guidelines for the Management of Deep-Sea Fisheries in the High
Seas of the Food and Agriculture Organization of the United Nations (“the Guidelines”) 26 in order to sustainably
manage fish stocks and protect vulnerable marine ecosystems, including seamounts, hydrothermal vents and
cold water corals, from destructive fishing practices, recognizing the immense importance and value of deep-sea
ecosystems and the biodiversity they contain;

Calls upon States to take action immediately, individually and through regional fisheries management
organizations and arrangements, and consistent with the precautionary approach and ecosystem approaches, to
continue to implement the 2008 International Guidelines for the Management of Deep-sea Fisheries in the High
Seas of the Food and Agriculture Organization of the United Nations (the Guidelines) in order to sustainably
manage fish stocks and protect vulnerable marine ecosystems, including seamounts, hydrothermal vents and
cold water corals, from fishing practices with significant adverse impacts on vulnerable marine ecosystems,
recognizing the immense importance and value of deep-sea ecosystems and the biodiversity they contain as
documented in the First Global Integrated Marine Assessment;

Calls upon States to take action immediately, individually and through regional fisheries management
organizations and arrangements, and consistent with the precautionary approach and ecosystem approaches, to
continue to implement the 2008 International Guidelines for the Management of Deep-Sea Fisheries in the High
Seas of the Food and Agriculture Organization of the United Nations (the Guidelines) in order to sustainably
manage fish stocks and protect vulnerable marine ecosystems, including seamounts, hydrothermal vents and
cold water corals, from fishing practices with significant adverse impacts on vulnerable marine ecosystems,
recognizing the immense importance and value of deep-sea ecosystems and the biodiversity they contain, as
documented in the first World Ocean Assessment;

Table 1. Overview of the UNGA resolutions focused on protecting VMEs, showing how the inclusion and protection of
seamounts under the VME concept have remained central to the resolutions.
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The FAO Guidelines (2009) (paragraph 42) establish five specific criteria for identifying areas as
VMEs requiring conservation to protect their ecological integrity and biodiversity (Table 2).
Importantly, the Guidelines specify that meeting just one of these criteria is sufficient for an area to
be designated as a VME, emphasising the critical importance of even single, significant features in
deep-sea conservation. Regarding vulnerability, the Guidelines highlight that “the most vulnerable
ecosystems are those that are both easily disturbed and very slow to recover, or may never
recover.”

However, the FAO Guidelines also caution that “merely detecting the presence of an element is not
sufficient to identify a VME.” Instead, identification must occur on a case-by-case basis, applying
the relevant provisions outlined in Sections 3.2 and 5.2 of the Guidelines. These sections call for
comprehensive assessments that consider the established criteria, conduct impact assessments,
apply the precautionary approach, and other operational requirements. Moreover, the 2009 FAO
Guidelines should be interpreted in the context of evolving UNGA resolutions, which have
progressively reinforced and expanded the global framework for VME protection.

Table 2. The five VME Criteria from the _International Guidelines for the Management of Deep-sea
Fisheries in the High Seas (FAO 2009). “A marine ecosystem should be classified as vulnerable based
on the characteristics that it possesses. The following list of characteristics should be used as criteria
in the identification of VMEs.” (Paragraph 42, FAO DSF Guidelines). Source: FAO

Characteristic Definition

Uniqueness or rarity An area or ecosystem that is unique or that contains rare species whose loss could not be compensated for by
similar areas or ecosystems. These include:
« habitats that contain endemic species;
» habitats of rare, threatened or endangered species that occur only in discrete areas; or

» nurseries or discrete feeding, breeding, or spawning areas.

Functional significance of the  Discrete areas or habitats that are necessary for the survival, function, spawning/reproduction or recovery of fish
habitat stocks, particular life-history stages (e.g. nursery grounds or rearing areas), or of rare, threatened or endangered
marine species.

Fragility An ecosystem that is highly susceptible to degradation by anthropogenic activities.
Life-history traits of Ecosystems that are characterized by populations or assemblages of species with one or more of the following
component species that characteristics:

make recovery difficult
« slow growth rates;

» late age of maturity;
» low or unpredictable recruitment; or

» long-lived.

Structural complexity An ecosystem that is characterized by complex physical structures created by significant concentrations of biotic
and abiotic features. In these ecosystems, ecological processes are usually highly dependent on these structured
systems. Further, such ecosystems often have high diversity, which is dependent on the structuring organisms.
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Despite these provisions, the South Pacific Regional Fisheries Management Organisation
(SPRFMOQ) area lacks comprehensive vulnerability assessments upon detecting an element,
resulting in significant gaps in VME protection, particularly as bottom-contact fishing is heavily
concentrated around seamounts and similar geomorphological features. The identification of VMEs
in this region have largely relied on scientific studies focused on establishing density thresholds
within seamounts to delineate specific small areas (e.g., based on FAO VME Criterion 5, which
highlights “significant concentrations of biotic and abiotic features”).

However, the SPRFMO area spans a vast area, much of it underexplored, resulting in its
classification as data-poor (Anderson et al., 2016). The spatial distribution of VMEs within this region
is inadequately documented hindering modelling efforts, largely due to insufficient data gathering
efforts (Anderson et al., 2016). This shortfall persists despite requirements in the FAO Guidelines
Impact Assessments of Deep-sea Fisheries, which call for the identification, description, and
mapping of VMEs known or likely to occur in fishing areas (paragraph 47), as well as commitments
under United Nations General Assembly (UNGA) resolutions to comprehensively map and protect
VMEs (UNGA resolution 71/123 and subsequent resolutions).

The lack of data from SPRFMO poses significant challenges to accurately assessing and effectively
managing VMEs, undermining conservation efforts across the region (Anderson et al., 2016;
Rowden et al., 2017). Furthermore, four additional VME criteria, alongside vulnerability
assessments, have been largely overlooked in VME evaluations in this region. As a result, existing
management strategies have been criticised for their limited scope and effectiveness,
compromising the robustness of current VME assessments and protective measures (Penney &
Guinotte, 2013). While interim VME protection measures have been implemented within the
SPRFMO region, these measures have also faced scrutiny for their inadequacies (Penney & Guinotte
2013, Watling & Auster 2020; 2021).

In this paper, we review scientific evidence together with definitions from the UN General Assembly,
FAO Guidelines using all available criteria that support the classification of the Louisville Seamount
Chain in SPRFMO’s BTMAs as VMEs. The Louisville Seamount chain is situated entirely within the
SPRFMO area and is divided by SPRFMO into three Fisheries Management Areas (FMAs) based on
orange roughy stocks and further subdivided into 23 BTMAs. Throughout this paper, we
demonstrate that there is currently no scientific evidence contradicting the classification of Louisville
Seamount Chain as a VME or its capacity to sustain VME communities, emphasizing the importance
of adopting a precautionary, ecosystem-based approach for protecting seamounts.

In accordance with UNGA commitments and FAO guidelines, and in order to implement CMMO03-
2023 Paragraph 48, it is recommended that VME assessments similar to those outlined in this paper
be conducted for the Lord Howe Rise, South Tasman Rise, West Norfolk Ridge and Challenger
Bank areas. These regions remain open to bottom trawling, and in the case of the Lord Howe Rise,
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coral bycatch in recent years has exceeded thresholds, triggering the SPRFMO encounter protocol
on two separate occasions.

Louisville Seamount Chain

The Louisville Seamount Chain, spanning over 4,000 km and comprising more than 80 seamounts,
is a biodiversity hotspot known to host a wide array of VME indicator taxa. Records from New
Zealand fisheries observers have documented the presence of VME indicator taxa, including
Porifera (sponges), Actiniaria (anemones), Alcyonacea (soft corals and gorgonians), Pennatulacea
(sea pens), Scleractinia (stony corals), Antipatharia (black corals), and Stylasterida (hydrocorals).
Additionally, the region supports VME-associated taxa such as Crinoidea (sea lilies and feather
stars) and Brisingida (“basket” starfish) (Parker et al., 2009), highlighting its ecological importance
for deep-sea biodiversity. Here we provide examples of how the FAO VME criteria are met by
highlighting several aspects of the Louisville Seamount Chain.

FAO VME Criterion 1: Uniqueness or Rarity

The Louisville Seamount Chain serves as a discrete spawning and feeding area for the orange
roughy, thereby fulfilling this criterion (Dunstan et al., 2011).

The total area that is suitable habitat for reef-forming corals in the SPRFMO area is extremely low,
due to the significant depths of the South Pacific seafloor (Anderson et al., 2016). This scarcity
makes the Louisville Seamount Chain and similar isolated features critical habitat for such coral
communities (Anderson et al., 2016). Imagery survey data demonstrates that the reef-forming
Solenosmilia variabilis corals exhibit a patchy distribution across seamounts (Anderson et al., 2016),
signifying the irregular and localized occurrence of these ecologically significant habitats. Rowden
et al. (2017) found that Solenosmilia variabilis and its associated fauna, such as brisingids, were
present in fewer than 500 of 12,504 analysed 25 m? video segments and considered that
Solenosmilia variabilis is the only significant habitat forming coral observed in the study area.
However, even small reefs are considered functionally important for individuals and species, in
particular in an area where such features are rare and scattered (Williams et al., 2020). This low
occurrence rate highlights their rarity in the region and their importance as unique biological
communities. Adding to the aspect of uniqueness, on the Louisville Seamount Chain, camera tows
repeatedly recorded VME indicator species with corals being observed at greater depths than
anticipated (Clark et al., 2014).

FAO VME Criterion 2: Functional significance of the habitat

The Louisville Seamount Chain provides necessary habitat for the survival, functioning, spawning,
and recovery of orange roughy populations, as spawning aggregations are known to occur here
(Clark et al., 2016). This highlights the chain's importance for the recovery and future resilience of
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fish stocks. Additionally, the recorded presence of a sperm whale —classified as Vulnerable on the
IUCN Red List (Taylor et al., 2019)—in the Louisville Seamount Chain area indicates that the region
serves as an essential foraging or transit habitat for marine mammals (Clark et al., 2014).
Observations of seabirds (Clark et al., 2014) demonstrate the role of seamounts in supporting avian
species, likely by aggregating prey through oceanographic processes such as upwelling and
nutrient cycling around these features.

FAO VME Criterion 3: Fragility

The Louisville Seamount Chain has been shown to be highly susceptible to degradation caused by
bottom trawling. Imagery from the Censeam, Anvil, and Ghost seamounts reveals clear trawl marks
on the substrate, highlighting the impact of these activities (Clark et al., 2014). A decade ago, the
Ghost Seamount alone had already been impacted by at least 2,000 bottom trawls (Clark et al.,
2014). Currently, no scientific evidence suggests that Solenosmilia reefs impacted by bottom
trawling in the region can recover within a 5-20 year timeframe based on data from seamounts in
New Zealand or globally (Goode et al., 2020; 2024). Consequently, these impacts meet the FAO's
Significant Adverse Impact criteria. However, early signs of Solenosmilia recolonization have been
observed in the Chatham Rise after 20-years of closure to bottom trawling (Goode et al., 2024).

Furthermore, regional models suggest that fisheries focus on areas with a higher likelihood of
encountering VME indicator taxa, in contrast to flat-topped and soft sediment summits, which are
relatively large, discrete areas with consistently low habitat suitability for VMEs (Rowden et al. 2017).
Areas with potentially high abundances of Solenosmilia variabilis are often targeted by bottom
trawling along seamount flanks (Rowden et al., 2017). Visual surveys have revealed scattered
patches of live stony coral clumps (Clark et al., 2014), likely representing remnant populations that
have survived the impacts of trawling. The combined insights from habitat suitability models and
fishing patterns show it is problematic designing effective spatial management measures at the
scale of individual seamounts (Rowden et al. 2017).

In addition to the impacts of bottom trawling on the Louisville Seamount Chain, the presence of
extensive dead coral matrices coated with ferro-manganese crust on some seamounts suggests
that corals are still recovering from a past catastrophic event that caused a large-scale die-off
(Anderson, 2016). Therefore currently these recovering populations face cumulative pressures from
fishing and climate change-induced environmental changes as identified in global models (Jones et
al., 2014). Key threats include the shoaling of the aragonite saturation horizon and rising ocean
temperatures (Guinotte et al., 2006; Maier et al., 2009; Tittensor, 2010; Jones et al., 2014, Thresher
et al.,, 2015), both of which significantly hinder coral recovery and disrupt the broader marine
ecosystem.

FAO VME Criterion 4: Life-history traits or component species that make recovery difficult
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The Louisville Seamount Chain is home to orange roughy, a species characterised by exceptionally
slow growth rates, late maturity, low or unpredictable recruitment, and remarkable longevity. Orange
roughy are known to live up to 250 years (Horn and O Maolagain 2019) and typically reach sexual
maturity at approximately 20-40 years of age (Branch 2001). Recruitment is considered low or
unpredictable, as orange roughy aggregate to spawn in specific areas. These spawning
aggregations are targeted by fishers, leading to substantial overfishing (Tingley and Dunn 2018).
Orange roughy exhibit avoidance behaviours in response to trawls and other towed objects, with
fishing activities disrupting their spawning behavior (Koslow et al., 1995). Collectively, “the
ecological characteristics of these fish make them vulnerable to over-exploitation and slow to
recover from it” (Clark, 1995; Clark, 2001; Koslow et al., 1997; Morato et al., 2006).

Other species found on the Louisville Seamount Chain with life-history traits that limit recovery
include several cold-water coral species, such as Solenosmilia variabilis, Enallopsammia rostrata,
and Goniocorella dumosa. Radiocarbon dating shows that the matrix of Solenosmilia variabilis in
the Louisville Seamount Chain are between 907 and 11,694 years old, and the live portions are at
least 2000 years old (Tracey et al.,, 2024). Conservative estimates suggest that it takes
approximately 150-660 years for Solenosmilia variabilis colonies to reach a matrix height of 20 cm
and around 2,000 years to develop a colony diameter of 1 meter (Tracey et al. 2024). These
exceptionally slow growth rates highlight the species' vulnerability and the significant challenges
involved in ecosystem recovery. Specimens of Enallopsammia rostrata from Central Pacific
seamounts have been dated to exhibit colony life spans ranging from 209 to 605 years (Houlbreque
et al., 2010). The species demonstrates slow radial growth rates of 0.012 to 0.072 mm per year and
vertical extension rates of 0.6 to 1.9 mm per year (Houlbreque et al., 2010). This combination of
extremely slow accretion and remarkable longevity makes E. rostrata and its habitat particularly
vulnerable to disturbances and impacts from human activities (Houlbreque et al., 2010). Recently,
Goniocorella dumosa, previously believed to be a broadcast spawner, was identified as the only
known brooding deep-sea scleractinian branching coral that produces swimming larvae (Beaumont
et al., 2024). The limited dispersal potential of larvae from a brooding species, compared to a
broadcast spawner, has significant implications for population connectivity, the species' capacity
to recover from disturbances caused by human activities and should influence its management and
protection strategies (Beaumont et al., 2024).

FAO VME Criterion 5: Structural complexity

A study of six seamounts in the Louisville Seamount Chain, including several impacted by bottom
trawling, found live reef-forming Solenosmilia variabilis corals on all surveyed seamounts, though
their distribution was uneven (Anderson et al., 2016). Suitable habitat for Solenosmilia variabilis is
typically found around the summit slope breaks of seamounts and along ridges extending down the
seamount flanks (Anderson et al., 2016). The authors, using one of the sensitive environment
definitions in 2013 regulations under New Zealand's EEZ and Continental Shelf (Environmental
Effects) Act (2012)—requiring structure-forming species densities of 15% or more within a 100 m?
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visual survey—identified significant concentration of corals on four of the six surveyed seamounts
(Clark et al., 2014). Five of these VMEs were located within 20-minute blocks currently open to New
Zealand bottom trawlers, notably on the 39 South, Ghost, and Valerie Seamounts (Clark et al., 2014).
At the Forde Guyot, two northern sites are likely to meet the criteria for VME habitat, based on the
proportion of coral cover observed in imagery (Clark et al., 2014). Significant bycatch has been
recorded, with a high proportion of bottom trawl tows comprising VME indicator taxa, primarily
Scleractinia and Brisingida, which account for a total catch weight of 14,000 kg (Tablada et al.,
2023).

These corals provide essential structural habitat that supports a diverse array of dependent and
associated species, thereby enhancing biodiversity and contributing to ecosystem processes. On
the Louisville Seamount Chain, Rowden et al. (2017) observed that starfish and crinoids exhibit
distributions closely aligned with the stony coral Solenosmilia variabilis across multiple seamounts.
Similarly, Clark et al. (2014) reported dense aggregations of echinoids, gorgonian corals, black
corals, and glass sponges in association with intact stony coral habitats. These associations
underscore the ecological significance of Solenosmilia variabilis as a habitat-forming species,
highlighting its role as a refuge that supports high biodiversity. The persistence of such habitats
within a heavily fished seascape suggests they represent remnants of VME habitats that were once
more widespread; these remnants now being the only available habitat for many dependent and
associated species, further underlining their conservation value.

Conclusion

This paper has demonstrated that the Louisville Seamount Chain meets the FAO VME criteria, with
the majority of available scientific evidence focusing on Criterion 3: Fragility and Criterion 4: The
life-history traits of component species that make recovery difficult. This evidence underscores the
importance of protecting Louisville Seamount Chain as a VME. We recommend conducting similar
case-by-case VME assessments for the Lord Howe Rise, South Tasman Rise, West Norfolk Ridge,
and Challenger Bank, which remain open to bottom trawling.
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