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INTRODUCTION

All benthic marine ecosystems are vulnerable to
anthropogenic disturbance to some degree. Fishing
with gears that make contact with the bottom has the
potential to significantly affect the abundance and
diversity of benthic species (Kaiser 1998, Koslow et al.
2001, Clark & Koslow 2007). Some of the most fragile
and ecologically vulnerable species are those that form
complex structures which other species may use as
habitat or associate with for other purposes such as
shelter from predation (Auster 2005, Buhl-Mortensen
& Mortensen 2005). Recent studies indicate that, in the
cold waters of the deep ocean, these structure-forming
organisms are typically extremely slow growing and
long lived (e.g. Adkins et al. 2004, Tracey et al. 2007,
Roark et al. 2009), making them slow to recover and

even more vulnerable to impacts from fishing (Koslow
et al. 2001, Clark et al. 2006, Rogers et al. 2008). Ben-
thic ecosystems that consist of organisms with these
characteristics can be significantly impacted by fishing
activities and may be considered to be vulnerable
marine ecosystems (VMEs) (FAO 2008, Rogers et al.
2008). In international waters of the South Pacific, bot-
tom trawl fisheries target orange roughy Hoplostethus
atlanticus, beryx Beryx spp., deep-sea cardinalfish
Epigonus telescopus, black oreo Allocyttus niger and
other species in 200 to 1200 m depths, often on the
upper reaches of seamounts. Bottom long-lining also
occurs in 200 to 800 m, mainly for bluenose Hypero-
glyphe antarctica (SPRFMO 2008).

The United Nations General Assembly (UNGA) res-
olution 61/105 calls for states and regional fisheries
management organisations (RFMOs) to assess impacts
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and avoid significant adverse impacts on VMEs from
destructive fishing practices in managed international
waters (UNGA 2007). In response, the developing
South Pacific Regional Fisheries Management Organi-
sation (SPRFMO) adopted interim measures in May
2007 requiring participating states to assess whether
individual bottom fishing activities are likely to
encounter VMEs within the SPRFMO area. In areas
where VMEs are known or likely to occur, States are
required to implement adequate mitigation measures
to prevent significant adverse impacts. In areas where
there is little information available to assess the likeli-
hood of occurrence of VMEs, the interim measures
require a process to detect evidence of VMEs while
fishing, to cease fishing within 5 nautical miles (n
miles) of those areas, to report such encounters and to
include such areas in mitigation plans for preventing
significant adverse impacts (SPRFMO 2007). New
Zealand has developed a policy to implement these
measures for New Zealand permitted vessels operat-
ing in high seas areas of the South Pacific (Penney et
al. 2008, 2009, this Theme Section).

IMPLEMENTING PROTECTION MEASURES

New Zealand implemented the SPRFMO interim
measures in a spatially tiered manner (Penney et al.
2009). Vessels are only allowed to fish in areas desig-
nated as ‘open’ (previously heavily fished) or ‘move-
on’ (previously moderately fished) within the footprint
of the 2002–2006 trawl fishery, which limits impacts to
88 673 km2. This amounts to 0.16% of the SPRFMO
convention area or 16% of the SPRFMO area seabed
shallower than 2000 m (see Penney et al. 2009 for bot-
tom trawl footprint characterisation). In approximately
half of this open area (where previous effort has been
moderate), a move-on rule has been implemented that
requires vessels to monitor for evidence of interaction
with a VME and to cease fishing within 5 n miles of
that fishing site if evidence is found. These actions cre-
ate higher protection levels for areas in the current
trawl footprint with moderate fishing effort and where
there is more uncertainty regarding the existence of
VMEs (Penney et al. 2008). However, they also require
definitions and a protocol for immediate detection of
evidence of encounters with VMEs during individual
trawl fishing operations at sea.

ASSESSING EVIDENCE OF A VME

Even within the trawling footprint, not every part of
the seabed has been fished, and newly fished sites may
contain VMEs. Using a move-on rule to protect VMEs

assumes that fishing impacts can be detected and,
when evidence of interaction with a VME is encoun-
tered, further impact on that VME can be prevented by
moving to an alternative area. This could however,
have significant negative impacts on nearby VMEs.
The effect will depend on the size, patchiness, spatial
distribution and separation between VMEs, which are
all currently unknown. Evidence to date from video
transects in several seamount and ridge systems indi-
cates that these vulnerable communities are typically
small, patchy and likely distributed in restricted areas
where substrate, currents, and therefore their food
sources, are most favourable (Rowden et al. 2005,
Clark et al. 2006).

Move-on rules require a trigger based on benthic
bycatch data observed in real time from the catch of
each individual trawl tow. This is best achieved by
100% coverage by trained observers, as is required by
the SPRFMO interim measures and implemented by
New Zealand for bottom trawl vessels fishing in the
SPRFMO area. But which taxa should be monitored?
The Fisheries and Agriculture Organization (FAO) of
the UN has produced guidelines for protecting VMEs
from fishing impacts and lists a number of taxonomic
groups to be considered. But they also leave managers
the discretion to mould the list to regional fisheries and
ecologies (FAO 2008). We identified taxonomic groups
as vulnerable if their members were typically (1) frag-
ile relative to trawl gear; (2) functionally significant to
the community or ecosystem, either by creating struc-
tural complexity that other species may utilize as habi-
tat or by providing some unique function that supports
the community; (3) unique, rare or endemic to a small
area; or (4) low productivity species due to life history
traits such as slow growth, high longevity, low fecun-
dity or unpredictable recruitment. In determining the
taxa to monitor in South Pacific bottom trawl fisheries,
we added 2 other criteria. First, the taxa needed to be
retained to some degree and have been previously
observed in bottom trawl gear. Second, the taxa must
be readily identifiable by scientific observers on board
without the aid of complex characters, such as number
of polyps cm–1 or ratios of meristics, dissecting micro-
scopes or other complicated protocols.

Combining these criteria, we developed a list of tax-
onomic groups we define as taxa vulnerable to bottom
trawl gear in the South Pacific Ocean (Table 1). Note
that because these taxa are typically phyla, orders or
families, they may include some members that as a
species would not be vulnerable because of its specific
life history, productivity or size. These groups contain
species that form complex and emergent biogenic ben-
thic structures, are typically fragile and therefore eas-
ily damaged by fishing gears, and are likely to be long
lived and slow to recover. Species-specific lists would
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not be possible because many have unknown distribu-
tions, many existing species have not been taxonomi-
cally classified and new species will certainly be dis-
covered in these relatively unexplored areas. The
identification process for many species is also slow and
requires great expertise, making it impractical for a
rapid evaluation protocol to require identification to
species level. We also chose 2 indicator groups of
echinoderms that are often found in association with
VME taxa and indicate that habitat associated with a
VME is present: crinoids (sea lilies) and brisingid sea
stars (armless stars). Indicators are valuable because
specific habitats of VME taxa are yet to be determined,
but the associations between crinoids and brisingid
stars and scleractinian corals have been suggested in
deep waters off New Zealand from video observations
(M. R. Clark pers. obs.). Catchability for some indicator
species may be much higher than that of VME taxa,
making them a useful proxy. As new taxa associations
are identified, new indicator groups can be added to
the subset of organisms monitored relative to VME
identification. The final group included in the VME
evidence protocol is an ‘unidentified’ coral group. This
group is included because, although it may not be pos-
sible for some samples to be attributed to a single
group, they can still be identifiable as vulnerable coral
taxa.

VMEs can also be highly biodiverse areas (Clark et
al. 2006, Rogers et al. 2007, Stocks & Hart 2007).

Although biodiversity can be indexed in many ways
(Magurran 2003) and diversity within taxonomic
groups is not equal among groups, we considered
some measure of biodiversity to be useful. Therefore,
we incorporated a weighting factor for catches that
showed evidence of multiple taxonomic groups by
assigning one point for each vulnerable group encoun-
tered. The result is an approach using a simple, fast
procedure to determine if a particular catch was likely
to be from a VME based on a few key taxonomic
groups in the bycatch. The vessel skipper can then uti-
lize the information to comply with permit conditions
such as a move-on rule.

Although the chosen groups are large taxonomic
categories, some can still be difficult to identify without
using complex characteristics. To aid in accurately
identifying specimens from these groups, classification
guides have been developed specific to the taxa to be
monitored, utilizing non-technical and visually appar-
ent characteristics to distinguish the groups (Parker et
al. 2008, Tracey et al. 2008). In addition, New Zealand
scientific observers are provided with specific training
to identify organisms from these groups and they
retain specimens for subsequent expert identification
and classification guide improvement.

TRIGGERING A MOVE-ON RULE

Bottom trawls are inefficient at sampling fragile
organisms such as corals, which break and shatter
when impacted (authors’ pers. obs.), and so likely
retain a small proportion of the benthos actually
impacted (Wassenberg et al. 2002, Mortensen et al.
2008). Furthermore, the sampling efficiency is very
likely to be taxa- and size-specific, making conclusions
based on trawl bycatch useful for presence-only char-
acterisations. The simple presence of a taxonomic
group might therefore be an appropriate trigger for a
move-on rule. However, a simple presence/absence
criterion could cause a large number of fishing events
to trigger the rule and spread benthic impact as
discussed. Alternatively, a trigger based on the ability
of a particular limiting group to recover from fishery
disturbance would be more appropriate, but this
requires information on recovery rates, broad-scale
distribution, population abundance and selectivity by
the fishing gear, which are only available for few areas
for some taxa. However, such an approach would
help ensure that the evidence encountered provides
a fairly high likelihood of encounter with a vulnerable
community.

Data available on bycatch in deep-sea trawl fisheries
in the South Pacific are also limited, but can provide
valuable information from the actual fishery. However,
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Taxonomic level Common name

Vulnerable taxa
Phylum Porifera Sponges
Phylum Cnidaria
Class Anthozoa
Order Actiniaria Anemones
Order Alcyonacea Soft corals
Order Gorgonacea Sea fans
Order Pennatulacea Sea pens
Order Scleractinia Stony corals
Order Antipatharia Black corals

Class Hydrozoa
Order Anthoathecatae
Family Stylasteridae Hydro corals

Habitat indicators
Phylum Echinodermata
Class Crinoidea Sea lilies
Class Asteroidea
Order Brisingida Armless stars

Table 1. List of 10 taxonomic groups assessed as vulnerable to
bottom trawl fishing in the South Pacific Ocean. Habitat indi-
cators are those groups that are often found in association
with vulnerable marine ecosystem (VME) taxa and indicate
that habitat associated with a VME is present. Note: taxa
associated with seep/vent systems could be included in
principle, but specific seep and vent taxa have not yet been

identified in fishery data
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bycatch data suffers from unknown catchability, lim-
ited historical identification of taxa and limited spatial
extent of samples. With these constraints in mind, a
threshold weight was determined for each taxonomic
group based on the cumulative distribution of bycatch
weights observed during an exploratory phase of the
New Zealand deep-sea fishery (1998–2002, inside and
outside the exclusive economic zone), when VME
encounters would be expected to have been most fre-
quent. These bycatch distributions show that most
catches were of small amounts, with few large catches.
The weights were not standardized for tow duration
because no relationship between tow duration and
benthic invertebrate bycatch was detectable (R2 =
0.014). This is because fishing often targets aggrega-
tions of fish near bathymetric features and upper
reaches of seamounts, and although tows can be very
short, often <10 min, they can still contact bottom in
places where vulnerable species are in high densities.
Therefore, the actual observed taxa weight per tow
was the most appropriate available measure. It is
unknown what bycatch level is biologically significant,
but with an emphasis in the SPRFMO on minimizing
the overall area of disturbance the median of each his-
torical catch weight distribution was chosen as the
threshold weight for each group (Table 2).

We assigned a 3-level relative weighting to each
group based on available information about the
respective vulnerability of each group to be used when
assessing the importance of an observation. Taxa that
have known life history characteristics making them
vulnerable to fishing activities were scored high. The
presence of other groups, perhaps less vulnerable
themselves, but which are indicators of habitats often
containing vulnerable species, were scored low.

For real-time use at sea, all available information is
synthesized using a simple scoring form, which incor-

porates the weights of each vulnerable group, pres-
ence of habitat indicators and a gross index of taxo-
nomic diversity into a single score to be used as a trig-
ger (Fig. 1). In developing the scoring process, we
considered that the move-on rule should be triggered
either by a single very large catch of a vulnerable
taxon or if several vulnerable groups were observed,
even if the catch is below the group threshold weights.

To evaluate the potential effect of implementing a
move-on rule based on these thresholds, we applied
the scoring system to benthic bycatch data collected on
New Zealand vessels from 2003 to 2007 to estimate the
proportion and distribution of bottom trawls that would
have triggered the move-on rule. In the SPRFMO area,
87 (8.6%) tows would have triggered the move-on rule
during the period (Table 3). In addition, data were col-
lected by scientific observers in the 2008–2009 fishery,
when fishers were operating under the new conditions
imposed by New Zealand including a move-on rule in
certain areas. Of 235 tows, 11 (4.7%) would have trig-
gered the move-on rule (Table 3), had those tows
occurred where the move-on rule applied. These tows
were spread throughout the fished areas, but there are
several areas where clusters of qualifying tows exist
(Fig. 2), providing an opportunity for subsequent
analyses to use this evidence of repeated encounters
with vulnerable taxa to map and designate areas
‘likely to support VMEs’, as required by the SPRFMO.

EVIDENCE VERSUS DESIGNATION OF A VME

The move-on rule adopted by New Zealand is trig-
gered by operational ‘evidence’ of interaction with
VME taxa, but does not in itself designate the actual
presence of a VME. Without knowledge of the distrib-
ution, density or taxonomic composition of the commu-
nity, the precautionary designation of a VME is a
management decision. Under the SPRFMO interim
measures, designation of an area as ‘known or likely to
support VMEs’ carries with it an obligation to imple-
ment suitable and effective fishery management mea-
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Taxonomic group Percentile weight (kg)
50th 75th 80th 90th

Actiniaria 5 100 120 171
Antipatharia 1 2 2 3
Porifera 50 200 300 750
Unidentified coral 30 100 200 1000
Hydrocoral 6 80 118 193
Alcyonacea 1 2 2 5
Gorgonacea 1 2 4 20

Table 2. Percentile weights (kg) of catch distribution for each
taxonomic group. Data are from observed bottom trawl tows
>200 m depth from 1998 to 2002, except Gorgonacea and Al-
cyonacea, which had so few observations that 1998–2007 ob-
servations were used. Based on observer reports, unidentified
coral was assumed to be Scleractinia. Example: 75% of obser-
vations of Actiniaria were <100 kg. The 50th percentile value 

was used for VME score determination

2003–2007 2008

Total number of tows 1010 235
Tows with VME score ≥ 3 87 11
% tows with VME score ≥ 3 8.6 4.7
Number with VME taxa 211 77

Table 3. Comparison of the number of 2003–2007 tows quali-
fying as evidence of a vulnerable marine ecosystem (VME)
using the New Zealand VME Evidence Process form based
on 1998 to 2002 50th percentile weight threshold estimates 

(see Fig. 1)
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Fig. 1. Vulnerable Marine Ecosystem Evidence Process form as developed by the Ministry of Fisheries for use by New Zealand
bottom trawl vessels fishing within the South Pacific Regional Fishery Management Organisation (SPRFMO) convention area 

(Ministry of Fisheries 2008)
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sures to prevent significant impact on such an area.
This would need to be done by the fisheries regulating
authority and could consist of many possible manage-
ment actions. For example, managers could impose
special research and data collection requirements (e.g.
a camera deployment or collection of oceanographic
data from the site), restrict gear types or close the area
to bottom contact gears; each with their own imple-
mentation, monitoring and enforcement requirements.
It is important to distinguish between these 2 levels of
protection, as a move-on rule offers a quick, short-term
conservation action at sea to limit the immediate
impact on areas which appear to support VME taxa,
and VME designation is a deliberative, long-term
assessment of vulnerability over larger spatial scales
incorporating all the scientific information available,
followed by an appropriate management response.

CRITERIA TO DESIGNATE A VME

Despite progress made in defining generic charac-
teristics of VMEs by the FAO (2008), practical working
definitions of VMEs are still rather vague and widely
debated. There is general agreement that areas with
certain characteristics, such as containing high densi-
ties of structure-forming species that are vulnerable to
fishing gears and taking many decades to recover

would qualify as a VME. As an area decreases in size,
diversity, species density and structural complexity,
consensus becomes more difficult to achieve. There is
also little guidance on information requirements to
identify such areas. Direct observations are rare and
often from localised research surveys. All that is avail-
able for most oceanic areas are ancillary biogeo-
graphic data that have been correlated with the pres-
ence of vulnerable species in other studies, such as the
occurrence of a seamount with a physical habitat
shown elsewhere to be suitable for stony corals (Rogers
et al. 2007, Tittensor et al. 2009). Identifying and pro-
tecting these areas in a structured way requires clear
definitions, criteria and objectives (Rogers et al. 2008).

With very slow recovery of impacted areas (e.g.
Kaiser et al. 2006, Lumsden et al. 2007), additional
fishing inevitably creates additional impact either by
expanding the disturbed areas or by preventing
recovery in repetitively fished areas (Constable and
Holt 2007). The evidence for extremely low recovery
rates for these organisms means that a typical ‘sus-
tainable yield’ type of management scheme would
not be a responsible approach. What is more impor-
tant is to ensure that such impacts remain ‘not signifi-
cant’ across the spatial scale of the habitats con-
cerned. This will primarily require limiting the scale
of impact of the fisheries, perhaps most effectively by
protecting adequate and representative seabed areas
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Fig. 2. Observed bottom trawl tows (2003–2007) within the South Pacific Regional Fishery Management Organisation area (light
grey shading) with a vulnerable marine ecosystem (VME) indicator score of ≥3 based on the 50th percentile thresholds from 

1998 to 2002 (black circles), or tows with score <3 (white circles) (N = 1010 tows)
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from fishing disturbance by means of spatial closures
(FAO 2008). Repeated trawling in exactly the same
areas will have diminishing additional impacts within
those areas. Accurately tracking the footprint of dis-
turbed habitat through time can provide an estimate
of the spatial extent of the impact on benthic habitat,
but not an estimate of the proportion of habitat
affected, nor of recovery rate of organisms in the
impacted area. Assessing whether areas protected
were adequate and representative requires informa-
tion about population distribution, connectivity and
recovery rates, attributes that are unknown for the
majority of vulnerable taxa. To address this problem,
at some point managers must set a priori a total per-
missible impact level and constrain fishing impacts to
that level, effectively creating impacted fishing areas
and undisturbed areas.

During the evaluation of benthic impact assessments
by regulating authorities, any available information
from previous years of fishing in an area (such as the
20-minute spatial blocks used to define the SPRFMO
bottom fishing footprint areas), research or survey
information, information from adjacent areas and
information from habitat modelling exercises should
be utilized to re-assess the significance of any pro-
posed impact from fishing. To ensure effectiveness of
any limitation of fishing area or designation of closed
areas, it is essential that such benthic habitat protec-
tion measures in the high seas are a truly international
effort and that management incorporates measures to
prevent illegal, unreported and unregulated fishing.

The long-term designation of an area as a VME will
therefore have to be made internationally using all
the information available for an area. The following
criteria provide a process to prioritize areas relative to
protection status. The more criteria that are met, the
more an area needs long-term protection from inter-
actions with fishing gears and should be designated as
a VME:

1. Existing data from historical fishing records or sci-
entific research samples show records of vulnerable
taxa.

2. Estimates from habitat suitability models indicate
the region is likely to contain groups listed in Table 1.
This coarse criterion targets larger regions that may
describe a pattern in the distribution of these vulnera-
ble organisms. It also provides a coarse resolution tool
to extrapolate observations in one area to nearby areas
with similar characteristics.

3. The area shows repetitive encounters with any of
the taxonomic groups in Table 1, establishing that
structure-forming organisms occur at that broad loca-
tion.

4. The catch of a vulnerable taxon is much higher
than the fishery norm when that group is encountered,

suggesting that the area may contain high densities of
vulnerable taxa. New Zealand defines the ‘norm’ as
the 50th percentile weight (the median) from the
observed catch distribution of a given taxon.

5. The area is relatively isolated compared to other
areas with similar physical and biological character-
istics, and therefore potentially supports species
endemic to that area. Evidence linking isolation with
endemism is inconsistent at present (McClain 2007),
even with the obvious bias of higher endemism result-
ing from undersampling over broad areas (Stocks &
Hart 2007). Much of this confusion may yet be
explained by incorporating dispersal mechanisms for
various taxa and oceanographic regions. This criterion
targets the theoretical relationship between endemism
and isolation, giving extra weight to areas that may
contain unique species. It could be implemented by
calculating the distance between a disturbed site and
the nearest site with similar habitat characteristics (i.e.
depth range, temperature, productivity, etc.). This
could be determined as part of maximum entropy mod-
elling efforts (e.g. Tittensor et al. 2009).

6. The area has a high degree of diversity and spe-
cies richness relative to other managed areas. For an
area of similar size (e.g. fishing site, defined spatial ex-
tent or 20-minute management block), an index of tax-
onomic distinctness (Clarke & Warwick 2001) can be
generated as a metric so that more taxonomically di-
verse areas are recognized. The taxonomic diversity
index is a simple weighting scheme that counts the
number of taxonomic steps between pairs of species
(groups) for the specimens of VME indicator taxa ob-
served in a predefined area. It is sensitive to taxonomic
resolution, but if this is consistent across all areas it is a
useful index for evaluating which areas show rela-
tively more diverse assemblages of VME taxa.

LONG-TERM PLAN FOR EFFECTIVE PROTECTION

In the absence of data from research surveys, identi-
fication of areas to be designated as VMEs will likely
need to rely on fishery bycatch data. In the short term,
protection will be a balance between the potential
impacts to VMEs from exploratory fishing and collect-
ing information to inform the development of propos-
als for representative spatial closures. The low produc-
tivity rates for many deep-sea species suggest that
areas would need to be permanently protected, which
would preclude the development of new fisheries or
other human impacts in the future.

In the long term, RFMOs should encourage and sup-
port the development of databases with information on
biodiversity, species-level catch, effort, location and
seafloor characteristics (such as bathymetry or habitat
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type). Such databases should also contain environmen-
tal and physical information from a number of scien-
tific and government sources (sensu Rowden et al.
2005, 2008). Databases used to support the prediction
of vulnerable areas should combine physical charac-
teristics (location, depth and substrate type) with bio-
logical (productivity, biodiversity indices, species com-
position and relative abundance) as well as derived
characteristics (representativeness, degree of spatial
isolation and productivity of species present). Because
of specific habitat requirements for filter-feeding
invertebrates, and their association with topographical
features like seamounts, these vulnerable species have
been found to be patchily distributed (Koslow et al.
2001, Rogers et al. 2008). Nonetheless, data from the
few scientifically sampled locations in the South Pacific
can be integrated with broader-scale environmental
data to predict the distribution of areas suitable as
habitats for similar vulnerable species based on tech-
niques such as environmental niche factor analysis or
maximum entropy modelling (Clark et al. 2006, Titten-
sor et al. 2009). These areas could be then targeted for
scientific investigation using direct sampling (Consta-
ble & Holt 2007, CCAMLR 2007), either from fishing
vessels or during future research voyages. Ultimately,
the goal should be to provide the basis for the estab-
lishment of specific spatial closures designed to protect
adequate and representative proportions of VMEs.
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